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SUMMARY

Neuronal ceroid lipofuscinoses (NCL/Batten disease) are a group of fatal inherited
neurodegenerative diseases that occur in many species including humans, sheep, dogs and
cattle. Typical NCL symptoms include progressive loss of vision, regression of mental and
motor development, epileptic seizures and premature death. Currently there is no effective
treatment or cure for NCL, with the underlying disease mechanisms still poorly understood.
Advances in molecular genetics in recent years have allowed the characterisation of hundreds
of causative mutations and polymorphisms in at least 17 disease-causing genes across all

species.

For some species, research colonies have been established for studies relevant to the
corresponding human NCL variants. Best characterised of all animal models is the New
Zealand South Hampshire (SH) sheep which is a model for the human variant late-infantile
form of NCL (VLINCL). Past studies have revealed the ovine CLN6 gene (CLNG6) as a strong
candidate gene for this disease in South Hampshire sheep. No disease-causing mutation was
identified in the gene coding region, however quantitative PCR revealed reduced CLN6
messenger RNA (mRNA) expression in affected sheep compared to normal healthy sheep.
The main objective of the present thesis is the identification and characterisation of the
mutation responsible for NCL in the South Hampshire sheep. It was proposed that the
mutation lies in the non-coding regions within or flanking the gene and that this mutation

affects gene regulation.

In Chapter 3, bioinformatic tools were used to identify conserved non-coding sequences
(CNCS) which are deemed potential regions of interest for regulatory mutations. Due to the
limited ovine genome resource available when the study was commenced in 2006,
orthologous sequences from nine other species (mouse, rat, human, cattle, macaque, dog,
opossum, chicken and fugu fish) were aligned against sheep using the VISTA suite of
programs to detect CNCS. These analyses resulted in the identification of five highly
conserved regions in the 5 UTR, 3’UTR and introns 1, 2 and 6 of the CLN6 orthologs. Of the
five identified CNCS, the region upstream of CLN6 and intron 1 were considered priorities
for sequencing as they were more likely to contain transcriptional regulatory elements and

had not been sequenced previously (region upstream of CLN6) or only partially sequenced



(intron 1) in sheep. An ovine BAC clone containing these CNCS regions was used as
template for sequencing using the conventional Sanger method and generated 1,450 bp new
ovine sequence (Chapter 4). Given that the Sanger sequencing method was laborious and
time-consuming, and that there was rapid development of the next-generation sequencing
(NGS) technology; the Sanger sequencing approach was abandoned and NGS utilised for the

following studies.

In Chapter 5, 454 Pyrosequencing NGS technology (Roche) was used to sequence the
complete ovine BAC to generate a reference sequence for mutation screening approaches.
NGS sequencing of the ovine BAC method was successful and generated approximately
120kb of normal sheep genomic sequence at ~14X coverage that spanned CLN6 and flanking
genes CALML4, FEM1b and PIAS1. Two distinct mutation screening approaches were
implemented using consensus sequence obtained from alignment of the ovine 454 NGS
sequence (Chapter 5) with known sheep sequences from published and unpublished sources.
The first mutation screening approach, sequence capture and targeted sequencing approach
(Chapter 6) failed; however, the second approach involving sequencing of long range PCR

(LR-PCR) products (Chapter 7), successfully identified the disease-causing mutation.

The sequence capture approach isolated and enriched a specific ovine genomic region using
hybridization on the customised probes on the pParaflo microarray chip (LC Sciences). This
method appeared to have not captured the targeted sequence successfully, with only 10% of
captured sequences mapping back to the reference sequence. LR-PCR amplification of 14
regions within the ovine genome region followed by SOLID sequencing-by-ligation NGS
method (Applied Biosystems) identified the disease-causing mutation as a 402bp deletion and
1bp insertion in ovine CLN6, namely g.-251_+150del and g.+150_151insC. The mutation is
predicted to lead to the deletion of the whole of exon 1 and the ATG start codon as well as

flanking non-coding sequence.

Identifying the disease-causing mutation for NCL in SH sheep provides the long-awaited
confirmatory evidence that ovine CLNG is the causative gene for NCL in SH sheep. It was
anticipated that discovery of the mutation would lead to development of a DNA test to screen
the SH sheep flock and a wider population of sheep. However, developing a direct DNA test
using PCR has been difficult. This is because the identified deletion is in a region that is
extremely GC rich and composed of highly repetitive DNA, thus the PCR-based test



produced inconsistencies in amplification and preferential amplification of one allele relative
to the other in carriers. However, there might not be a great need to generate a commercial
DNA test for the SH sheep as the breed is unique, not widely used for production and
localised only in New Zealand. Nonetheless there is a continued effort towards developing a
direct DNA test to enable more reliable and effective screening of this mutation in the current
SH experimental flock. The information gained in this research confirmed that South
Hampshire sheep represent a model for the CLNG6 variant in humans. Future research in this
large animal model will allow for more effective strategies for developing therapeutic
approaches for NCL in humans and further strengthens the invaluable role of this animal
model for NCL studies.
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CHAPTER 1: LITERATURE REVIEW

1.1 Neuronal ceroid lipofuscinoses

The Neuronal ceroid lipofuscinoses (NCL/Batten disease) are a group of fatal inherited
neurodegenerative diseases of humans and animals. Common NCL characteristics include
progressive loss of vision, mental and motor deterioration, epileptic seizures and premature
death. In most variants, onset of disease is in childhood and most affected children die before
they reach adulthood. Some rarer variants have adult onset (Zeman and Dyken, 1969). All forms
of NCL share varying degrees of brain and retinal atrophy, as well as accumulation of
fluorescent storage bodies in neurons and many other cells throughout the body. These florescent
storage bodies stain positive with periodic acid-Schiff (PAS) and Sudan black (SB), and were
initially referred to as “ceroid-lipofuscin lipopigments’ based on their staining properties (Zeman
and Rider, 1975). Later it was identified that all variants of the disease have protein based
storage material. The storage material was identified to consist largely of either subunit ¢ of
mitochondrial ATP synthase (SCMAS; Palmer et al., 1989a, 1989b) or sphingolipid activator
proteins A and D (Saposins A and D; Tyyneld et al., 1993). Despite identification of the
composition of these storage materials, the term “ceroid lipofuscinoses’ continues to describe this

group of diseases.

NCLs are classified as amongst the lysosomal storage diseases (LSDs; Futerman and van Meer,
2004; Parenti et al., 2013). LSDs are a group of inherited metabolic disorders, each resulting
from a deficiency of a particular lysosomal protein activity resulting in the intra-lysosomal
storage of a variety of substrates in multiple tissues and organs (Parenti et al., 2013). The LSD
family encompasses around 50 distinct genetic diseases, with the known LSDs grouped
according to various classifications (Futerman and van Meer, 2004). One method of LSD
classification is based on the substrates accumulated in the lysosomes; e.g. sphingolipidoses,
mucopolysaccharidoses (MPS) and oligosaccharidoses; while others are named after the enzyme
deficiency e.g. galactosialidosis and multiple sulphatase deficiency. The overall prevalence of
LSDs is relatively high when compared to other groups of rare diseases, with an estimation of 1

in 8,000 live births (Fuller et al., 2006). Although there is more than a century of study of the
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genetic and molecular basis of LSDs, little is known about the events that lead from intra-
lysosomal accumulation to the disease pathology of a distinct LSD, particularly neurological
diseases, and this holds true for NCLs as well. NCL disease variants, classified as CLN1, CLN2,
CLN10 and CLN13, are caused by defects in the lysosomal enzymes PPT1, TPP1, Cathepsins D
and F, respectively (Table 1.1). For the other NCL genes, the links between the protein defect,

lysosomal storage and pathogenesis are not known.

International research efforts, often coordinated and supported by parent support groups such as
the Batten Disease Support and Research Association (http://www.bdsra.org/), have led to an
enormous increase in understanding of NCL, and the information is well communicated at
national and international research and parent conferences. An abundance of scientific
publications are available that describe the genetics, clinical signs and pathology of different
variants, proposed disease mechanisms, current and proposed therapeutic approaches, animal
models and many other different aspects of NCL. Such publications are in the form of review
papers including Haltia, 2006; Kohlschutter and Schulz, 2009; Bennett and Rakheja, 2013;
special sections/ issues in journals arising from conferences on NCL e.g. Biochimica Biophysica
Acta-Molecular Basis of Disease 1832 (2013), Biochimica Biophysica Acta-Molecular Basis of
Disease issue 1762 (2006) and Molecular Genetics and Metabolism issue 66 (1999), Journal of
Inherited Metabolic Diseases issue 16 (1993), American Journal of Medical Genetics issue 42
(1992) and Advances in Experimental Medicine and Biology issue 266 (1990) as well as books
e.g. The Neuronal ceroid lipofuscinoses (Batten disease), Mole et al., 2011; Age Pigments,
Sohal, 1981; Ceroid-lipofuscinosis (Batten's disease), Armstrong et al., 1982 and Lipofuscin:
State of the Art, Z-Nagy, 1988. The following review aims to summarise aspects of this broad

area of research that are most relevant to this study.
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Table 1.1 Classification and characteristics of the genes causing NCL in humans (http://www.ucl.ac.uk/ncl/mutation.shtml) and review papers by Haltia and
Goebel (2013), Schulz et al. (2013) and Warrier et al. (2013).

No. of
mutations Genotype-phenotype Stored OMIM/
Gene reported* Protein Eponym correlation® protein’ | Ultrastructure® References”
Infantile
Late infantile
Halta- Juvenile
CLN1/PPT1 64 PPT1? Santavouri Adult SAPs GRODs 256730
Late infantile
Jansky_ Juvenile
CLN2/TTP1 109 TPP1? Bielschowsky Protracted SCMAS CL 204500
Transmembrane Spielmeyer- Juvenile
CLN3 57 protein Sjogren Protracted SCMAS FPR (CL, RL) 204200
CLN4B/DNAJC Soluble cysteine
5 2 string protein o Parry Adult autosomal dominant SAPs GRODs 162350
Late infantile
Soluble Juvenile
lysosomal Finnish Protracted
CLN5 36 protein VLINCL Adult SCMAS RL, CL, FPR 256731
Lake-Cavanagh Late infantile
early
juvenile/Indian Protracted
Transmembrane | VLINCL, adult
CLNG6 68 protein Kufs type A Adult Kufs type A SCMAS RL, CL, FPR 601780
Transmembrane Turkish Late infantile
CLN7/MFSD8 31 protein VLINCL Juvenile protacted SCMAS RL, FPR 610951
Northern Late infantile
epllepsy/ Protracted
progressive
epilepsy with
Transmembrane mental CL-like, FPR
CLNS8 24 protein retardation EPMR/Northern eplipepsy | SCMAS granular 610003
Juvenile
CLN9 variant Juvenile variant 609055
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No. of

mutations Genotype-phenotype Stored OMIM/
Gene reported* Protein Eponym correlation® protein” | Ultrastructure® References”
Congenital
Late infantile
Juwvenile
CLN10/CTSD 7 Cathepsin D? Congenital Adult SAPs GRODs 610127
CLN11/GRN 2 Progranulin® Adult variant Adult FPR 614706
CLN12/ATP13A ATPase type 606693/
2 1 13A2° Juvenile NCL Juvenile FPR Bras et al., 2012
lysosomal Adult Kufs 615362/
CLN13/CTSF 5 enzyme type B Adult Kufs type B FPR Smith et al., 2013
Potassium
channel
tetramerization Staropoli et al.,
1 domain Infantile 2012
containing
CLN14/KCTD7 protein type 7 Infantile
Adult
SGSH 2 Late infantile MPSIIIA Sleat et al., 2009
Adult (only found in
CLCNG6 2 heterozygous form to date) Poet et al., 2006

No. of disease causing mutations. Other sequence variations have also been reported.

& Lysosomal enzymes
® GRN mutations also cause Frontotemporal lobar degeneration with TDP43 inclusions OMIM 607485.

¢ ATP13A2 mutations also cause Kufor-Rakeb syndrome (KRS, Parkinson disease 9) OMIM 606693
¢ KCTD7 mutations also cause progressive myoclonic epilepsy type 3 (EPM3) OMIM 611726 and Opsoclonus-myoclonus ataxia-like syndrome
¢ Bold = phenotype caused by complete loss of gene function
fSCMAS, subunit ¢ of mitochondrial ATP synthase; SAPs, sphingolipid activator proteins.
9 GRODs, granular osmiophilic deposits; CL, curvilinear profiles; FPR, fingerprint profiles; RL, rectilinear profiles.
" Due to the large number of relevant references to be listed per disease, an OMIM ID which links to these references is listed. References are listed for NCL
variants without an OMIM ID.
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1.1.2 NCL in humans

1.1.2.1 History of NCL

The NCL have been recognised for nearly 200 years, with the first probable instances of the
disease described in four affected siblings in 1826 by Dr. Otto Stengel (Brean, 2004). Related
publications appeared almost a century later, and the disorder was defined in 1903 as Batten
disease (Batten, 1903), whilst also being classified under a generalised heading of amaurotic
family idiocy (Sachs, 1896) due to its clinical resemblance to Tay-Sachs disease. Later reports
disassociated the relationship between Batten disease and family amaurotic idiocy, and

introduced the term neuronal ceroid lipofuscinosis (Zeman and Dyken, 1969).

1.1.2.2 Nomenclature

There have been several methods used to classify the different NCL variants in humans.
BDSRA, an organisation which supports families of persons with NCL, follows the traditional
classification introduced by Zeman (1976) based on the clinical onset of the diseases. In NCL,
the earlier the onset of disease, the more severe is the progression of the disease and the shorter
is the life expectancy. In brief, classical infantile (INCL, Santavuori-Haltia) onset begins at 8 to
18 months, late-infantile (LINCL, Jansky-Bielschowsky) has an onset between the ages of 2 and
4 years, juvenile NCL (JNCL, Batten disease, Spielmeyer-Vogt) usually commences between the
ages of 5 and 8 years, and in adult NCL (ANCL, Kufs disease) clinical signs start in adulthood,
typically around the age of 30. In addition to those variants described by Santavuori et al. (1973)
and Zeman (1976), some cases with congenital variants of NCL have also been described
(Siintola et al., 2006). The term ‘Batten disease’ was conventionally regarded as the juvenile
form of NCL; however, the term is often used to describe all forms of NCL in both humans and

animals.

Advances in molecular genetics have led to a re-classification of the nomenclature for NCL
according to predicted or confirmed genes, with disease variants assigned to ‘CLN’ symbols
prior to the gene names e.g. CLN1 for INCL. The online NCL mutation database

(http://www.ucl.ac.uk/ncl/mutation.shtml) which is the database curated scientifically by a
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leading expert in NCL research (Dr Sara Mole) has classified NCL into 13 genetic forms (CLN1,
2,3,4,5,6,7,8, 10, 11, 12, 13 and 14), with potentially 2 additional genes; CLCN6 and SGSH
causing NCL in humans (Table 1.1). Lack of information about the ultrastructure and type of
storage bodies in some of the more recent proposed variants makes their clear characterisation of
NCL difficult.

The most recently suggested nomenclature proposes an axial diagnostic classification system
similar to those used for the epilepsies and for mental health disorders in children (International
Classification of Diseases-10 or ICD-10; http://www.who.int/classifications/icd/en/) and better

reflects the complexity of this group of diseases. This new nomenclature is depicted in detail by
Williams and Mole (2012). Briefly, the axial diagnostic system comprises of 7 axes describing
the affected gene, mutation diagnosis, biochemical and clinical phenotype, ultrastructural

features of the storage bodies, functionality and other remarks.

1.1.2.3 Incidence

NCLs have a worldwide distribution, and are often described as the most common inherited
progressive neurodegenerative diseases of childhood (Santorelli et al., 2013). Reported
epidemiological data are likely to be underestimates, because of missed diagnoses and non-
reporting of this group of rare diseases; and the following published incidence and prevalence
rates should be considered in that context. Incidence rates are reported to vary between countries
and geographical regions, with 1:67,000 in Italy and Germany to 1:14,000 in Iceland and their
prevalence rates vary from 1:1,000,000 in some regions to 1:100,000 in the Scandinavian
countries (Uvebrant and Hagberg, 1997). Historically, higher incidences have been described in
the Scandinavian countries (Mole, 2011). A growing awareness of diseases, as well as
improvements in DNA and other diagnostics procedures, have led to increase in cases identified
and reported in recent years. Advances in genetics in recent years, specifically, use of molecular
genetics has led to identification of the NCL disease associated genes and detection of a
spectrum of mutations in these causative genes to support clinical diagnoses (Santorelli et al.,
2013). Despite these improvements in diagnostics, patients and their families often experience a
long lasting odyssey involving delays in diagnosis, which is also commonly observed for many

other rare diseases (Anderson et al., 2013).
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1.1.2.4 Clinical signs and pathology

In almost all NCL variants the patients are initially healthy and have a normal developmental
profile before exhibiting clinical signs. The key clinical signs of NCLs are progressive loss of
vision, behavioural changes, regression of mental and motor development, epileptic seizures and
premature death. The order of appearance of these clinical signs varies depending on the age at
onset and the genetic form. Recently, a study has shown that some patients with the CLN3

variant can also have cardiovascular system abnormality (Cotman and Staropoli, 2012).

Macroscopically, the brain is almost always reduced in size, mainly due to cerebral cortical
atrophy (Haltia, 2003). Light microscopy examination reveals loss of neurons, mostly in the
cerebral and cerebellar cortices, with depletion of neurons usually accompanied and followed by
fibrillar gliosis. Atrophy of the retina is observed in some variants (Goebel, 1992; Goebel et al.,
1998). The accumulated storage bodies in the nerve cell appear brownish in haematoxylin-eosin
stained sections, with a mild brownish shade to the grey matter at gross inspection and stains
with periodic acid-Schiff (PAS), luxol-fast blue (LFB) and Sudan black. Electron microscopy
reveals various ultrastructural patterns including granular osmiophilic deposits (GRODS),
curvilinear profiles (CL), rectilinear complex (RC) and fingerprint profiles (FPR) (Mole et al.,
2011). Furthermore, a combination of FPR and CL/RL has been reported in patients with CLN3,
CLN5 and CLNG6 forms (Table 1.1).

1.1.2.5 Genetics

By early 2014, there were at least 15 genes reported to be associated with NCL in humans. These
genes are listed in the NCL resource and mutation database maintained by Sara Mole and

colleagues (http://www.ucl.ac.uk/ncl/mutation.shtml) and summarised in Table 1.1. NCLs follow

an autosomal recessive mode of inheritance, with the exception of ANCL (Table 1.1) which has

both a dominant and recessive form (Haltia, 2006; Arsov et al., 2011).
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The first causative gene identified via linkage analysis was the CLN1/PPT1 (Vesa et al., 1995),
closely followed by CLN3 (International Batten disease consortium, 1995), CLN2/TPP1 (Sleat et
al., 1997), CLN5 (Savukoski et al., 1998), CLN8 (Ranta et al., 1999), CLN6 (Wheeler et al.,
2002; Gao et al., 2002), CLN1O/CTSD (Siintola et al., 2006; Steinfeld et al., 2006),
CLN7/MFSD8 (Siintola et al., 2007) and CLN4/DNAJCS (Noskova et al., 2011). Four causative
genes have been reported recently; CLN11/GRN (Smith et al., 2012), CLN12/ATP13A2 (Bras et
al., 2012), CLN13/CTSF (Smith et al., 2013) and CLN14/KCTD7 (Staropoli et al., 2012). No
gene causing the CLN9 variant has been identified (Warrier et al., 2013).

Conventionally, NCL genes were identified using linkage analysis. In more recent studies,
linkage disequilibrium, gene expression, homozygosity mapping, and exome sequencing were
utilised (Warrier et al., 2013). CLN2/TPP1 was identified using a biochemical approach (Sleat et
al., 1997). The CLN8 (Ranta et al., 1999) and CLN10/CTSD genes (Siintola et al., 2006;
Steinfeld et al., 2006) were identified using animal models. CLN10/CTSD was first identified to
cause a congenital NCL in Swedish landrace sheep (Tyyneld et al., 2000) prior to the
identification of human cases with congenital onset. For the recently proposed genes, only 1 or 2
disease causing mutations have been described, but for all other genes many different disease
causing mutations are known (Table 1.1) (Warrier et al., 2013). Different mutations in the same
gene can cause different onset (Table 1.1). Interestingly, some of the recently proposed genes:
CLN12/ATP13A2, CLN14/KCTD7, SGSH and CLCN6 have been reported to also cause non-
NCL diseases (Table 1.1).

1.1.2.6 Disease mechanism

In spite of all of these research efforts to study the NCL proteins, and recent advances in
molecular genetics, it remains unclear if all or some of the different genes identified so far
interact or participate in common pathways relative to each other. Interactions between several
NCL proteins have been reported, between CLN5 and CLN1/PPT1, CLN2/TPP1, CLN3, CLN6
and CLN8 (Vesa et al., 2002; Lyly et al., 2009), suggesting a modifying role for these proteins in
the pathogenesis of individual NCL disorders (Lyly et al., 2009). The functions and localisations
of several of the normal proteins coded for by NCL genes are not known and require further

studies.
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Researchers currently lack a good understanding of the underlying NCL disease mechanisms,
with unclear pathways between the identified proteins to the defining pathology (Palmer et al.,
2013).

In the early years, it was proposed that accumulated storage bodies were formed due to an
increased rate of peroxidation of fatty acids (Zeman and Rider, 1975). This concept of
peroxidation persisted until the end of the 1980s when it was established that either subunit ¢ of
mitochondrial ATP synthase (Palmer et al., 1989a) or sphilongolipid activator proteins (Tyynela

et al., 1993) were the major components of these storage bodies (Haltia and Goebel, 2013).

A review by Palmer et al. (2013) discussed a range of potential disease mechanisms that are
proposed to be involved in NCL disease. It was highlighted that there has been a comprehensive
increase in knowledge of NCL genetics since the 1990s, with discovery of disease causing
mutations for CLN1, CLN2, CLN3, CLN5, CLN6, CLN7, CLN8 and CLN10. Other genes have
been proposed recently, including CLN4/DNAJC5, CLN11/GRN, CLN13/CTSF, CLN14/KCTD7
and CLN12/ATP13A2. Histopathological studies in the ovine models identified a possible
important role of inflammation in early stages of disease: neuroinflammation was present well in
advance of clinical signs and preceded neurodegeneration in the disease pathogenesis (Oswald et
al., 2005; Tammen et al., 2006). Immunohistochemical analyses revealed that glial activation
begins prenatally, long before significant storage body accumulation or neuron loss (Oswald et
al., 2005; Kay et al., 2006). Furthermore, it was discussed that a recent study proposed the
involvement of metal dysregulation in the disease process (Kanninen et al., 2013a, 2013b).
However, it remains unclear if this is a causative mechanism or secondary responses to the

disease.

The review paper concluded that currently no single theory or disease mechanism exists to
determine the pathogenesis of NCL. It is hoped that an understanding of this complex group of
diseases can be achieved through collective consideration of multiple disciplines in the future.

Animal models were proposed to play important roles in such studies.
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1.1.2.7 Therapeutic approaches

Currently there is no effective treatment or cure for NCL (Bennett and Rakheja, 2013; Augustine
et al., 2013). In the past, therapies were restricted to symptomatic approaches, which include
antileptics for seizure management, physical/occupational therapy and medications to address
motor impairment and movement disorders (Augustine et al., 2013). Supportive care led to a
patient’s relatively prolonged life expectancy but did not address the cause of the disease, halt or

suppress disease progression nor replenish depleted or compensate the defective gene/enzyme.

The improved knowledge of the pathophysiology of the lysosomal storage diseases (LSD)
generally, and NCL, specifically, in recent years, has spurred development of a cure versus
attempting to treat clinical signs of the disease. Prior to recent advancement in knowledge,
experimental treatments for NCL have been explored. Based on the misdiagnosis of the storage
material as a lipofuscin, dietary intervention using anti-oxidant supplementation was explored
(Santavuori and Moren, 1977; Santavuori et al., 1988). The efficacy of this therapy demonstrated
no significant effect on disease outcome (Santavuori et al., 1989). More recent therapeutic
approaches indicated for LSD have been hematopoietic stem cell transplantation (HSCT) using
bone marrow transplants, which relies on transplantation of hematopoietic stem cells for
repopulation of specific tissues and secretion of the functional enzyme into the blood circulation
(Parenti et al., 2013). Such treatment did not seem to be beneficial for NCL patients (Lénngvist
et al., 2001) but appeared to work for the treatment of the mucopolysaccharidosis (MPS) group
of LSD (Valayannopoulos and Wijburg, 2011).

Similar to other LSDs, therapeutic approaches that replace or increase the residual activity of the
defective enzyme are applicable to the soluble lysosomal forms of NCL enzymes (CLN1/PPT1,
CLN2/TPP1, CLN5 and CLN13/CTSF) (Table 1.2). The therapeutic approaches are enzyme
replacement therapy (infusions of recombinant wild type enzymes to replace the defective
enzymes), gene therapy (in vivo gene transfer to deliver a normal copy of the defective gene able
to synthesis normal enzyme), substrate reduction therapy (administration of specific drugs to
inhibit specific biosynthetic pathways of substrates), stem-cell therapy (transfer of stem cells to

produce the required enzyme via cross-correction and integration into the diseased CNS to
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replace lost cells), pharmacological chaperones (administration of drugs to interact with the
mutant protein and increase enzyme activity) and various other pharmacological approaches.
Other experimental therapies are stop-codon readthrough technology (Sleat et al., 2001) and
manipulation of the autophagic pathway (Raben et al., 2010). Combination of various therapeutic
approaches might be necessary for best results based on research in animal models (Porto et al.,
2009).

Some therapeutic strategies applied to other LSDs are difficult to apply in NCL due to the
necessity of passing molecules through the blood brain barrier (BBB) to prevent
neurodegeneration, and repairing or restoring CNS functionality is difficult once neurons are lost
(Kohan et al., 2011). The membrane-bound NCL proteins (CLN3, CLN6, CLN7/MFSD8, and
CLN8) are even more challenging than the soluble lysosomal forms as there are currently no
effective methods to introduce a normal membrane protein to a large number of cells. Despite
this, therapies have been trialled in variant CLN3 patients and mouse models (Seehafer et al.,
2011; Kovacs et al., 2012) and the CLNG6 variant sheep models (Kay and Palmer, 2013;
Linterman et al., 2011). Small molecular weight molecules pharmacologically chaperoned are
also potentially attractive therapeutics for both the soluble and membrane-bound proteins
because they cross the BBB (Dawson et al., 2010).

A range of clinical trials described in the American clinical trials website

(www.clinicaltrials.gov) and NCL online website http://www.ucl.ac.uk/ncl/treatment.shtml) are

summarised in Table 1.2 and have been conducted, are in progress or are planned. These

approaches involve gene therapy, stem-cell therapy and pharmacological approaches.

Most, if not all of the aforementioned therapies are still in their early stages and do mostly
promise a slowing down of disease progression. Therefore, early diagnosis and intervention
before the onset of irreversible pathology will be essential to benefit patients. Future directions
of therapeutic development depend on improved understanding of the human and animal model
phenotypes and comprehension of underlying disease mechanisms to achieve significant
therapeutic advances. It is hoped that a combination of various approaches might ultimately help

to develop a cure.
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Table 1.2: Summary of information on human clinical trials for NCL. Information has been adapted from the American clinical trials website

(www.clinicaltrials.gov) and NCL online database (http://www.ucl.ac.uk/ncl/).

Gene/ Clinical | Patients' | Number | Country Trial Trial | Trial description Outcome References
NCL trials age of of progress phase
variant number patients | operation
CLNY NCTO000 | 6 months | 9 USA completed | 2 Pharmacological Preliminary results | Gavin et al,,
INCL 28262 to 3 approach: Test of the showed that although | 2013
years effectiveness of a drug several parameters of
called Cystagon. disease  progression
were slowed due to the
treatment, it did not
completely arrest the
neurodegenerative
process
CLNY NCTO012 USA withdrawn Stem-cell therapy: Safety
INCL 38315 prior to and efficacy study of human
enrollment central nervous system stem
cells (HUCNS-SC)
CLNY NCTO003 | 18 6 USA completed | 1 Stem-cell therapy: Study | Trial was in phase 1 | Selden et al.,
INCL 37636 months of human central nervous with no  outcome | 2013
or to 12 system stem cells (HUCNS- | measures provided.
CLN2/ years SC) cells.
LINCL
CLN2/ NCTO001 | 3to18 11 USA active 1 Gene transfer: Currently in phase 1 | Worgall et al.,
LINCL 51216 years Safety study of a gene and expected to be | 2008

transfer vector encoding
the normal human CLN2
(AAV2CUhCLN?2).

completed in June

20109.
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Gene/
NCL
variant

Clinical
trials
number

Patients'
age

Number
of
patients

Country
of
operation

Trial
progress

Trial
phase

Trial description

Outcome

References

CLN2/
LINCL

NCTO014
14985

31018
years

USA

recruiting

Gene transfer:
Administration of adeno-
associated virus gene
transfer vector serotype
rh.10 (AAVrh.10) to
express the human CLN2
cDNA.The study will assess
the safety and efficacy of
the virus AAVrh.10 to
deliver the CLN2 gene to
children with late infantile
neuronal ceroid
lipofuscinosis with
uncommon genotypes or
moderate/severe
impairment .

Currently in phase 2
and expected to be
completed in
December 2022.

CLN2/
LINCL

NCTO11
61576

21018
years

USA

recruiting

Gene transfer: Safety
study of a gene transfer
vector using a virus called
AAVrh.10 to determine if
the transfer slows the rate of
progress of the disease.

Currently in phase 1
and expected to be
completed in August
2032.
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Gene/ Clinical | Patients’ | Number | Country Trial Trial | Trial description Outcome References
NCL trials age of of progress phase
variant number patients | operation
CLN3/ NCTO13 | 6to25 - USA recruiting 2 Pharmacological Currently in phase 2
JNCL 99047 years approach: Establishing the | and expected to be
safety and tolerability of completed in August
short-term (8 weeks) 2015.
administration of
mycophenolate mofetil in
ambulatory children.
CLN2/ NCTO019 | 3to 16 - Germany, | recruiting 2 Pharmacological Currently in phase 2
LINCL 07087 years UK approach: and expected to be
Safety and Efficacy Study completed in March
of BMN190 for the 2016.

Treatment of CLN2 Patients
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1.2 NCL in species other than humans

1.2.1 Introduction

Various forms of NCL have been diagnosed in at least 12 different animal species other than
humans (www.ucl.ac.uk/ncl/animal.shtml) (Table 1.3), including sheep (Jolly and West, 1976;
Jarplid and Haltia, 1993; Edwards et al., 1994; Cook et al., 2002; and Jolly et al., 2002a). In

some species, animals have been genetically modified to create models of NCL disease.

Reviews of the various animal models for NCL have been published (Mole et al., 2011; Bond et
al., 2013).

Some of the natural occurrences of NCL in animals have been well characterised and research
populations established as they are considered valuable models for the corresponding human
NCL variants. Currently, maintained research populations exist for dogs and sheep (Bond et al.,
2013). Mouse models have been developed for most of the characterised human NCL variants
(Cooper et al., 2006), and these are described in the NCL mouse model database

(http://www.ucl.ac.uk/ncl-models) as well as in the review paper by Bond et al. (2013). These

existing mouse models have either naturally occurring mutations (Bronson et al., 1993; 1998) or
have undergone genetic modifications (Saftig et al., 1995; Katz et al., 1999; Mitchison et al.,
1999; Gupta et al., 2001; Cotman et al., 2002; Kopra et al., 2004; Sleat et al., 2004; Jalanko et
al., 2005; Eliason et al., 2007). Efforts are in progress to establish mouse models for each variant
from the same C57BL/6 strain backgrounds to facilitate direct comparisons (Bond et al., 2013).
In recent years, experimental unicellular (yeast) (Haines et al., 2009) and simple animal models
such as fly (Myllykangas et al., 2005), nematode worm (Jansen et al., 1997) and zebrafish (Zon
and Peterson, 2005) have also been developed for NCL research. Among the diverse animal
models, naturally occurring NCL in some sheep, cattle and dog breeds as well as experimentally

induced mouse models are the best documented cases of NCL by far.
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Table 1.3: Summary of non-laboratory animal models with confirmed or suggested NCL.. Information in the table has been adapted from a review paper by Bond et al.

(2013).
Species/ Breed Gene Genetic Molecular Onset Retinal Mortality | Clinical Signs *** Storage material **** Original References
(Life span*) mutation defect of defect
clinical
signs
VI BC | MD | S F us Subunitc, | D
SAPs
Sheep (20)
South CLN6 deletion of lack of 7-12m yes 25-30m yes | yes | yes yes | yes | lamellar subunit ¢ general Jolly et al., 1980;
Hampshire exon 1 protein Broom et al., 1998;
Tammen et al., 2006;
Tammen, unpublished
Swedish CTSD/ G**>A Asp**>Asn at birth yes <lm nr yes | yes yes | yes | GRODs SAPs general Jéarplid and Haltia, 1993;
Landrace CLN 10 non- Tyyneld et al., 2000
functional
protein
Merino CLN6 c.184C>T p.Arg62Cys m yes 19-27m yes | yes | yes yes | yes | lamellar subunit ¢ general Cook et al., 2002;
non- Tammen et al., 2001,
functional Tammen et al., 2006
protein
Borderdale CLN5 ¢.571+1G>A | splicing 10-11m | yes 24m yes | yes | nr nr yes | lamellar subunit ¢ general Jolly et al., 2002a;
variant, Palmer, unpublished;
truncated Frugier et al., 2008
protein
Rambouillet n.d. 8m yes 24m yes | yes | yes nr yes | nr nr neuronal | Edwards et al., 1994;
Woods et al., 1993
Cattle (20)
Devon CLN5 €.662dupG p.Arg221Gly | 9m yes 39m yes | yes | yes no yes | lamellar subunit ¢ general Harper et al., 1988;
fsX6 Jolly et al., 1992;
truncated Houweling et al., 200643,
protein 2006b
Beefmaster 12m nr 18m yes | yes | nr yes | nr lamellar nr general Read and Bridges, 1969
Holstein nr yes 18m yes | nr nr nr yes | lamellar nr general Hafner et al., 2005
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Species/ Breed Gene Genetic Molecular Onset Retinal Mortality | Clinical Signs *** Storage material **** Original References
(Life span*) mutation defect of defect
clinical
signs VI BC | MD S F us Subunit c, D
SAPs
Ferret (12)
Domestic >3y yes nr yes | yes | yes nr yes | lamellar subunit ¢ general France et al., 1999;
M. France pers. comm.
Domestic 3m nr 4m nr yes | yes nr yes | GRODs SAPs general Nibe et al., 2011
Cat (34)
DSH 8.5m nr 9Im yes | nr yes yes | yes | lamellar subunit ¢ neuronal | Weissenbdck and Rossel,
1997
Siamese <22m nr 23m yes | yes | yes yes | nr lamellar nr general Green and Little, 1974
DSH 15m yes 20m yes | yes | no yes | yes | lamellar nr neuronal Bildfell et al., 1995
Japanese 7m nr 11m nr nr yes yes | yes | GRODs nr general Nakayama et al., 1993
Horse (50)
Aegidienberger 6m nr 24m yes | yes | yes nr yes | lamellar subunit ¢ general Url et al., 2001
Goat (20)
Nubian 10-18m | nr 2-4y nr yes | yes nr yes | lamellar nr neuronal | Fiske and Storts, 1988
Pig (20)
Vietnamese pot- 2y nr 2.5y no no | yes no yes | lamellar, nr neuronal | Cesta etal., 2006
bellied GRODs
Parrot
Lovebird (12) <9m nr 9m nr nr yes yes | yes | nr nr neuronal | Reece and MacWhirter,

1988
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Species/ Breed Gene Genetic Molecular Onset Retinal | Mortality | Clinical Signs *** Storage material **** Original References
- . ;
(Life span*) mutation defect of_ ) defect Vi BC T ™MD TS = 0s Subunitc, D
clinical
. SAPs
signs
Monkey
Cynomolgus Pre- yes | variable nr general Jasty etal., 1984
monkey (37) clinical
at7y
Duck (29)
Mallet Duck ly nr 3y yes | yes | yes yes | yes | nr nr neuronal | Evans etal., 2012
Dogs
Miniature PPTL/ €.736_737i | frameshift 9 yes nd yes | yes | yes no yes | GRODs nr neuronal | Sanders et al., 2010
dachshund CLN1 nsC after Gly245 | months
with stop
codon at
position 276
Longhaired TPPL/ ¢.325delC frame shift 7-9 yes 12 mo yes | yes | yes yes | yes | lamellar nr neuronal | Awano et al., 2006a;
Dachshund CLN2 after amino months Katz et al., 2008;
acid 107 Sanders et al., 2011;
(exon 4) Vuillemenot et al., 2011;
with stop
codon at
position 114
Border collie CLN5 €.619C>T truncated 16-23 yes 28 mo yes | yes | yes yes | yes | lamellar nr neuronal | Taylor and Farrow, 1988,
protein (stop | months 1992;
codon Studdert and Mitten, 1991,
Q206X) Franks et al., 1999;
Melville et al., 2005
Australian CLN6 €.829T>C missense 1-2 yes nr yes | yes | yes nr yes | lamellar subunit ¢ neuronal | O'Brienand Katz., 2008;
Shepherd Trp277Arg years SAPs Katz et al., 2011
English setter CLN8 €.491T>C missense 1-2 yes 2y yes | yes | yes yes | yes | lamellar subunit ¢ neuronal | Koppang, 1970, 1988;
L164P years Katz et al., 2005a

29



Species/ Breed Gene Genetic Molecular Onset Retinal Mortality | Clinical Signs *** Storage material **** Original References
(Life span*) mutation defect of defect
clinical Vi [BC|MD | S |F |US Subunitc, | D
signs SAPs
American CTSD/ c.?G>A missense 1-3 no Ty no yes | yes no yes | round nr neuronal | Evans et al., 2005;
bulldog CLN10 Met19911e years uniformly Awano et al., 2006b
staining
inclusions
embedded
within
granular
matrixes
Tibetan terrier ATP13A2/ | 1620delG skipping of 5-7 yes nr yes | yes | yes yes | yes | lamellar nr neuronal | Riis etal., 1992;
CLN12 exon 16 years granular Farias et al., 2011;
leading to contents Wohlke et al., 2011
shortened
protein
Australian n.d n.d n.d 15 yes nr yes | yes | yes nr yes | lamellar nr neuronal | O'Brienand Katz, 2008
Shepherd (not months
CLN®6)
Polish owczarek | n.d n.d n.d 6 yes 8y yes | yes | yes no yes | GRODs SAPs general Narfstrom and Wrigstad,
Nizinny/ Polish months- 1995;
Lowland 4 years Wrigstad et al., 1995;
sheepdog Nilsson and Wrigstad, 1997;
Narfstrom et al., 2007
Miniature n.d n.d n.d 2 years yes nr yes | yes | yes no yes | GRODs SAPs neuronal | Smithetal., 1996;
schnauzer Jolly, 1997;
Palmer et al., 1997a, 1997b
Chihuahua n.d n.d n.d 16-18 yes 24 mo yes | yes | yes no yes | lamellar nr general Kuwamura et al., 2003;
months Nakamoto et al., 2011
Cocker spaniel n.d n.d n.d 18 yes 6y yes | yes | yes yes | yes | lamellar nr neuronal | Nimmo Wilkie and Hudson,
months and 1982;
general Jolly et al., 1994b;
Minatel et al., 2000
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Species/ Breed Gene Genetic Molecular Onset Retinal | Mortality | Clinical Signs *** Storage material **** Original References
(Life span*) mutation defect of defect
clinical Vi BC | MD S F us Subunit D
signs ¢, SAPs
Dalmation n.d n.d n.d 6 yes 6y yes | yes | yes yes | yes lamellar | nr general Goebel and Dahme, 1986;
months Goebel et al., 1988
Japanese n.d n.d n.d 3 years nr nr nr nr nr yes | yes n.d nr general Umemura et al., 1985
retriever
Welsh corgi n.d n.d n.d 6-8 yes nr yes | yes | nr yes | nd n.d nr nr Jolly et al., 1994a
years
Labrador n.d n.d n.d 7 years no nr no no yes yes | nr lamellar | nr neuronal | Rossmeisl et al., 2003
retriever
Australian n.d n.d n.d 1 year yes yes | no yes no Wood et al., 1987;
cattle dog Sisk et al., 1990
Saluki n.d n.d n.d 1 year no 2yr no yes | yes no yes lamellar | nr neuronal | Appleby etal., 1982

*maximum life span in years (http://www.demogr.mpg.de/cgi-bin/longevityrecords/entry.plx/);

** corresponding to G934 and Asp295 of corresponding human CTSD sequence

***VI = visual impairment, BC = behavioural changes, MD = motor deficits, S = seizures

****E = fluorescent, US = ultrastructure, D = distribution
# only central nervous system investigated, nr = not reported
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Animal models for the human forms of NCL are more or less clinically, ultrastructurally,
biochemically and genetically matched to human NCL. Large domestic animal models such as
sheep and cattle are considered particularly valuable because their relatively larger brain size and
structures are considered more human-like, their longer life expectancy allows for investigation
of long-term effects of treatments, and their clinical progression more closely resembles that in
humans (Houweling et al., 2005; Mole et al.,, 2011). The ovine and canine models are
particularly relevant from the genetic perspective of NCL due to the high homology between
ovine and canine genes and their human orthologs. Accumulating evidence suggests that
mutations in orthologous genes yield similar disease phenotypes (Broom et al., 1998; Katz et al.,
2011). The use of livestock such as sheep in research is considered by many as less controversial

compared to dogs, which are companion animals.

Animal models allow for well designed studies to investigate the many unanswered questions in
relation to NCL pathomechanisms and the evaluation of therapeutic approaches, as it is possible
to acquire tissue samples from statistically meaningful numbers of affected and age-matched
control animals at different time points along the course of the disease (Jolly, 1993). These
animals often share the same strain or breed and genetic background (Jarplid and Haltia, 1993;
Tammen et al., 2006; Katz et al., 2008), and the same environment, which facilitates phenotypic
comparisons. There are limited opportunities to access samples from human patients during

disease progression and autopsy.

Despite the aforementioned benefits, interspecies differences between humans and animals lead
to some extent to, limitations and a degree of variation in the validity of animal models. These
differences may reflect the interspecies diversity, for instance, in terms of neuroanatomical
structures and behaviour pattern which result in minor modifications to the clinical expression of
the defect such as seen in mice (Bond et al., 2013) and sheep (Jolly et al., 1992) as compared to
humans. The reliability of information obtained from studies in animal models is occasionally
questioned when predicting the effectiveness of treatment strategies in human clinical trials,
which effectiveness sometimes can be attributed to factors such as insufficient statistical power
to detect the true benefit of the treatment and presence of a range of physiological variables in

the patients which may affect outcome (van der Worp et al., 2010).
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Despite these limitations, knowledge gained in NCL animal models as outlined in the following
paragraphs has been essential in increasing understanding of the genetics, biochemistry and
pathomechanism of NCL, and is crucial in the development and preclinical evaluation of
proposed therapeutic approaches (Bond et al., 2013). Ultimately, appropriate caution needs to be
taken when drawing conclusions and translating information obtained from studies of animal

models.

The ovine models will be the focus of the following review on NCL animal models. Information
on NCL in other species will be briefly presented and is summarised in Table 1.3. An outline of

all the animal models can be found in reviews by Mole et al., 2011 and Bond et al., 2013.

1.2.2 NCL in Sheep

Sheep are one of the most abundantly researched animal species for the purpose of NCL animal
models. To date, there are at least 3 naturally occuring mutations in 3 different genes (CLNBS,
CLN5, CTSD/CLN10) identified in sheep causing NCL in Merino, Borderdale and Swedish
Landrace sheep, a second, so far unidentified, mutation is proposed for South Hampshire sheep
in the CLNG6 gene, and no gene has been assigned for NCL in Rambouillet sheep (Table 1.3). The
following ovine NCL models are listed according to their respective breed.

1.2.2.1 South Hampshire sheep

The best described NCL sheep model is the South Hampshire (SH) sheep, a breed used
intensively in NCL research in New Zealand. The earliest cases were reported by Jolly and West
(1976) in two 18 month old rams from the same flock that exhibited the abnormal behaviour of
unusual docility, blindness, mild ataxia and generalised tremors when excited. An experimental
research flock for the South Hampshire sheep was established at Massey University, New
Zealand (Jolly et al., 1980) with animals derived from the original flock (Jolly and West, 1976)
and control sheep comprised of age-matched New Zealand Romney or unaffected South

Hampshires (Jolly et al., 1980). This experimental flock has since undergone changes and is
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described in detail in Chapter 2.1.1, with the animals now maintained at the Lincoln University,
Christchurch, New Zealand by Prof. David Palmer.

Affected SH sheep are generally normal at birth, but develop clinical symptoms between 9 and
12 months of age, notably blindness (Jolly et al., 1980). Other clinical signs include nibbling at
air, intermittent episodes of face (lips, ears), head, neck and occasionally limb musculature
tremors (Jolly et al., 1989, 1992). The most significant gross pathological change noted in
affected South Hampshire sheep is atrophy of the brain (Jolly et al., 1989), notably the cerebral
cortex, by 12 months of age (Oswald et al., 2005). Histopathological examination showed
storage bodies in the neurons and macrophages throughout the central nervous system, retinal
photoreceptors and a wide variety of other cells within the body such as the cardiac muscle and
pancreatic epithelial cells (Jolly and West, 1976; Jolly et al., 1990; Goebel, 1992; Kay et al.,
1999). Accumulation of storage bodies in the cerebral cortex is largely confined to cells with
neuronal morphology for the first 6 months and progressed to non-neuronal cells beyond this age
(Oswald et al., 2005). These storage bodies stained positive on Periodic acid-Schiff (PAS),
Sudan black, luxol fast blue (LFB) stains and emitted bright yellow/green fluorescence under
ultraviolet light (Jolly and West, 1976; Jolly et al., 1989). Degenerative changes were observed
initially in the visual cortex with loss of layer definition by 12 months and very few neurons
remaining after 19 months (Jolly and Walkley, 1999; Oswald et al., 2005).

Both neurodegeneration and neuroinflammation, which are hallmarks of NCL, become
generalised and more severe with increasing age and clinical severity (Oswald et al., 2008; Kay
and Palmer, 2013). Recent time course studies presented neuroinflammation as preceding
neurodegeneration (Oswald et al., 2005). Mechanisms of neurodegeneration have been
postulated by Jolly and Walkley (1999) as being caused by energy-linked excitotoxicity, whereas
Lane et al. (1996) established apoptosis as the mechanism of neuronal and photoreceptor cell
death in both humans and animal models. Other aspects of neurodegeneration in affected NCL
sheep brain have also been studied (Kay et al., 1999, 2011).
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Electron microscopy disclosed that the storage bodies in the ganglion cells, bipolar cells and
photoreceptors are comprised of lamellar and fingerprint profile, as well as curvilinear profile
ultrastructures (Goebel, 1992).

In the retina, most cells showed accumulation of fluorescent storage bodies, most prominently in
the ganglion cells (Graydon and Jolly, 1984). The electroretinogram showed that photoreceptor
cells underwent reduction in both rod and cone b-wave amplitudes, with rod b-wave changes
preceding those of cones which begin in the central areas of the retina (Graydon and Jolly, 1984;
Mayhew et al., 1985). Photoreceptor cells became virtually absent at the terminal stage of
disease (Jolly et al., 1989) which was around 2 years of age (Goebel, 1992). In addition to these
changes, electron microscopy showed the formation of abnormal dystrophic rod and cone outer

segments in photoreceptor cells (Jolly et al., 1989).

Direct protein sequencing has established subunit ¢ of mitochondrial ATP synthase (SCMAS) as
the major component of the storage bodies (Palmer et al., 1989a). This was the first time that the
storage material for an NCL was characterised, and SCMAS was later identified to be the main
storage material for many other variants in humans and animals. Protein transcripts for SCMAS
appeared to be expressed normally in the mitochondria prior to storage in the lysosomes, which
suggests that NCL may occur due to a defect in turnover of protein inserted into the
mitochondrial inner membrane (Hughes et al., 2001). The occurrence of mitochondrial
dysfunction (Jolly et al., 2002b) was implied by variable ATP synthase activity measured in
affected lambs with NCL (Jolly et al., 2001) and evidence of anomalies of mitochondrial ATP
synthase regulation (Das et al., 1999).

The mode of inheritance of NCL in the SH sheep is autosomal recessive based on pedigree
analysis. Linkage mapping using four microsatellite markers (BMS2635, BM1237, BMS528,
and BMS2349) localised the gene causing NCL to ovine chromosome 7q13-15; with this region
showing conserved synteny to human chromosome 15¢g21-23 (Broom et al., 1998; Broom and
Zhou, 2001). This suggested that NCL in SH sheep and the CLNG6 variant in humans (Sharp et
al., 1999) represent mutations in orthologous genes. The CLN6 gene contains 7 exons, encoding

a predicted 311 amino acid transmembrane protein of unknown function (Tammen et al., 2006).
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Previous studies did not identify a causative mutation in the coding sequence of the gene but
linkage analysis using a silent mutation (¢.822G>A) in the CLN6 gene confirmed CLNG6 as the
most likely candidate gene in the SH sheep (LOD score of 13.3 and Theta = 0.01) (Tammen et
al., 2006). Identification of the silent mutation was useful as it allowed the development of an
indirect DNA test for preclinical diagnosis of SH sheep and is now routinely used for diagnosis
of NCL in the experimental flock (Tammen et al., 2006). The SH animals in this flock are
configured so that all normal sheep are genotyped GG, heterozygotes AG and affected sheep
AA. Prior to the indirect test, NCL diagnosis was established by histopathology of needle
biopsies from brain taken under general anaesthesia at 10-12 weeks of age (Dickson et al., 1989),
observation of clinical signs upon disease onset at approximately 10 months of age and typical

NCL pathological findings during post-mortem.

The absence of any mutations in the coding region of the affected SH sheep incited a study to
determine if CLN6 mRNA expression or stability was affected in these sheep (Tammen et al.,
2006). This study detected a reduction in CLNG6 expression in affected SH sheep to less than 1/3
of those of the control sheep tissues, with intermediate levels measured in the heterozygotes. A
mutation in regulatory elements was postulated based on down-regulation of these CLNG6

transcripts (Tammen et al., 2006).

Attempts at therapeutic approaches have been carried out on the SH sheep. Hematopoietic cells
transplant into SH fetuses was not beneficial (Westlake et al., 1995). The identification that
neuroinflammation precedes neurodegeneration (Oswald et al., 2005) has led to a therapeutic
study to investigate if anti-inflammatory drugs can have an effect on disease progression (Kay
and Palmer, 2013). However, oral administration of the anti-inflammatory drug minocycline to
affected lambs did not halt inflammation nor change the neuronal loss and clinical course of the
disease (Kay and Palmer, 2013). Current research focuses on gene-therapy trials in SH sheep
with a study by Linterman et al. (2011) providing the first evidence of lentiviral-mediated gene

transfer to affected sheep brain via direct stereotactic injection.
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1.2.2.2 Merino sheep

NCL in the Merino sheep in Australia was first documented from two commercial Merino flocks
between 1996 and 1998, with affected sheep exhibiting mild behavioural changes of reduced
herding instinct and startle response to visual and auditory stimuli at 8 to 12 months of age
(Cook et al., 2002). After 12 months of age, clinical symptoms progressed to obvious changes in
mental state (e.g. staring into space and circling), blindness, seizures, anorexia and recumbency
developed, with death by 24 months of age (Tammen et al., 2001; Cook et al., 2002). An
experimental research flock for the Merinos is currently maintained at the University of Sydney,
Australia by Assoc. Prof. Imke Tammen. The Merinos have similar NCL clinical signs and
pathology to the South Hampshires, although with a slightly earlier onset of disease (Graydon
and Jolly, 1984; Mayhew et al., 1985; Jolly, 1995; Cook et al., 2002).

NCL in Merino sheep is inherited in an autosomal recessive mode of inheritance based on
pedigree analysis. Based on the mapping of NCL in SH sheep, a homozygosity mapping
approach localised the gene causing the disease in Merino sheep to the same chromosomal
region (OAR 7ql13-15) associated with NCL in South Hampshire sheep (Cook et al., 2002;
Tammen et al., 2001). Tammen et al. (2006) identified a causative mutation in exon 2 of the
ovine CLNG6 gene (c.184C>T) which is predicted to code for a major amino acid exchange
(p.Arg62Cys) in the putative protein. Following this finding, a Restriction Fragment Length
Polymorphism Analysis of PCR-Amplified Fragments (PCR-RFLP) was developed as a direct
DNA test for diagnosis of NCL in the Merino sheep, which is beneficial for preclinical and

prenatal investigations (Tammen et al., 2006).
1.2.2.3 Borderdale sheep

The New Zealand Borderdale sheep derive from initial crosses between Border Leicester and
Corriedale sheep (Jolly et al., 2002a). NCL in Borderdales was initially observed over a period of
6 years in a flock of commercial sheep (Jolly et al., 2002a). Clinical signs for NCL in Borderdale
sheep are to some degree different to those of affected Merino and SH sheep, with visual
impairment as the first clinical sign noticed at approximately 15 months of age. Although

visually impaired, the sheep had a normal gait but tended to walk in circles when prompted
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(Jolly et al., 2002a). Research flocks have been established for the Borderdale (Jolly et al.,

2002a), and are maintained by Prof. David Palmer at Lincoln University, New Zealand.

Pathological findings of sheep euthanised at 21 months of age revealed gross severe atrophy of
the cerebral cortex in all affected animals (Jolly et al., 2002a). The neurons contained large
numbers of round fluorescent emitting storage bodies. Subunit-c of mitochondrial ATP synthase
was positively identified as the main storage material (Jolly et al., 2002a). Electron microscopy
showed numerous round cytoplasmic inclusions surrounded by bilayer membranes in surviving
neurons of the cerebral cortex (Jolly et al., 2002a). Three types of multi-lamellar ultrastructures
were identified for the storage bodies: rectilinear, curvilinear and small circular profiles. NCL in
Borderdale sheep exhibits some pathological differences from the Merino and SH (Jolly et al.,
2002a). The Borderdale sheep appeared to have more severe brain atrophy and less intense
autofluorescence of storage materials compared to the SH and Merino which, being both CLN6
variants, are caused by homologous genes (Jolly et al., 2002a). Dissimilar to the SH and
Merinos, there was no report of photoreceptor cells damage or loss (Jolly et al., 2002a), thus it
was assumed that the blindness could be triggered by the neurodegeneration of the visual cortex

which is the part of the brain cerebral cortex associated with vision.

NCL in Borderdale sheep is inherited in an autosomal recessive mode, based on pedigree
analysis. Absence of the disease causing mutation in the Merinos (c.184C>T), and more
importantly, absence of linkage between the disease phenotype in Borderdale sheep to the
polymorphism associated with NCL disease in the South Hampshires (c.822G>A) excluded
CLNG6 as the locus responsible for NCL in the Borderdales (Tammen et al., 2006). Linkage
analysis mapped NCL in Borderdale sheep to four microsatellite markers in the CLN5 region:
ILSTS056, OARHHA41, BMS585 and BMS975 (Frugier et al., 2008). Sequencing of the ovine
CLN5 gene exploited the high degree of homology between ovine and bovine CLN5 by using
primers designed from the bovine sequence and ovine BAC DNA as template to generate ovine
specific sequences (Frugier et al., 2008). The ovine CLN5 gene contains 4 exons and encodes a
predicted 361 amino acid protein with unknown role (Frugier et al., 2008). The disease causing
mutation for NCL in the Borderdale sheep was identified in intron 3 of the ovine CLN5 gene

(c.571+1G>A) which leads to the splicing out of exon 3 and a shortened putative protein
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unlikely to be functional or stable (Frugier et al., 2008). Whereas the CLN6 protein responsible
for NCL in the South Hampshires and Merinos is an intracellular membrane protein predicted to
reside in the endoplasmic reticulum, the CLN5 is a soluble lysosomal protein. (Frugier et al.,
2008).

A recent gene therapy approach by Hughes et al. (2014) using a lentiviral vector in prenatal
CLN5-deficient sheep neural cultures, showed that storage body accumulation is reversible in
vitro. This supports the use of these cultures for testing of therapeutics prior to whole animal
studies. An in vivo therapeutic trial in CLN5 variant NCL lambs is currently underway (Hughes
etal., 2014).

1.2.2.4 White Swedish Landrace sheep

The earliest onset of NCL in sheep was observed in the White Swedish Landrace sheep. The first
cases of this variant of NCL were reported in 17 newborn lambs from a flock of Swedish sheep
maintained on an experimental farm in Northern Sweden (Jarplid and Haltia, 1993). This novel
form of congenital NCL (CONCL) was clinically characterised by extreme weakness and
trembling with inability to rise and support their body after birth, however some lambs were able

to support their head and survived for a few weeks when bottle-fed (Jarplid and Haltia, 1993).

Gross pathology revealed that the brains of affected Swedish lambs were strikingly small (half
the weight of brains of normal littermates), with severely reduced thickness of cerebral cortex
(Tyyneld et al., 2000). Visceral tissues examined e.g. heart, kidney and liver appeared
macroscopically unaffected (Tyynel& et al., 2000). Microscopically, there was marked loss of
neurons and infiltration of macrophages in the cerebral cortex of the affected lambs (Tyynel& et
al., 2000). Jarplid and Haltia (1993) further observed generalised autofluorescent storage bodies
in neurons in the cerebral cortex of affected lambs, with small amounts of storage material found

in many extraneural cell types, but without evidence of further parenchymal damage.

The major component of the storage bodies was not subunit ¢ of mitochondrial ATP synthase as
evident in the South Hampshires and Merinos (Tyyneld et al., 1993). Immunohistochemical
studies by Tyynel& et al. (2000) revealed that amounts of SAPs A and D, which are normal
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lysosomal constituents, were greatly elevated in CONCL neurons. In contrast; the level of
steady-state level of cathepsin D protein, attained when its rate of synthesis and its rate of
degradation are equal, was markedly higher in the CONCL lambs than in controls. Thus, an
enzymatically inactive, yet stable, and apparently normally processed cathepsin D was present in
CONCL affected lambs (Tyyneld et al; 2000, 2001).

The mode of inheritance for NCL in the White Swedish Landrace sheep is autosomal recessive
based on breeding information. Sequencing of RT-PCR Cathepsin D products derived from total
RNA purified from brain samples in both control and CONCL sheep identified the causative
mutation as a missense mutation in the Cathepsin D gene (c.934G>A). The mutation results in
substitution of an asparagine for aspartate that corresponds to Asp295 of human cathepsin D and
Asp215 of human pepsin (Tyyneld et al., 2000). This was the first reported disease arising from a
naturally occuring Cathepsin D mutation (Tyynel& et al., 2000). Since then, NCL caused by
cathepsin D mutations has been identified in humans with congenital (Siintola et al., 2006;
Fritchie et al., 2009), late-infantile (Siintola et al., 2006) and juvenile onset (Steinfeld et al.,
2006; Kousi et al., 2012); as well as dogs with congenital onset (Awano et al., 2006b).

1.2.2.5 Rambouillet sheep

The first cases of NCL in Rambouillet sheep were reported in Texas, USA, with two 8-month-
old Rambouillet sheep presented with signs of visual deficits, but otherwise normal physically
(Edwards et al., 1994). On further examination, the lambs were found to have decreased
mentation, loss of herding instinct and slow response to auditory stimuli. Another 12 affected
sheep in Texas, USA were also detected from 4 closely related flocks after observation of
abnormal behaviour; abnormal head and ear carriages (head held low, drooping ears). As the
disease progressed, the sheep eventually wandered aimlessly, frequently became isolated from
the flock and were “star-gazing’ (Woods et al., 1994).

The pathology and neuronal lesions in these sheep were somewhat typical of those described in
the South Hampshires and Merinos; including marked atrophy of the cerebrum and slight
atrophy of the cerebellum, neurodegeneration of the brain cortex, retinal lesions, autofluorescent

storage bodies in neurons of sections of the brain and spinal cord, and positive staining of these
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storage materials with PAS, sudan black and luxol blue stains (Woods et al., 1993, 1994,
Edwards et al., 1994). However, the lack of storage bodies in tissues outside of the central
nervous system suggested a different biochemical defect in these sheep to that in other NCL
sheep models (Edwards et al., 1994). The autosomal recessive mode of inheritance of NCL in the
Rambouillet sheep was confirmed using controlled-breeding data (Edwards et al., 1994). There
are no follow up studies of the disease in the Rambouillet sheep to date, thus no causative gene
or mutation has been identified and no information about the ultrastructure or composition of

storage bodies has been described.

1.2.3 NCL in species other than sheep

Apart from sheep, naturally occurring NCL have also been described in many other non-human
animal species and comprehensively studied in other large animal models, namely, cattle and
dogs. Amongst the small animal models, mice are used intensively for modelling of NCL, using
both naturally occurring and genetically engineered mutant mouse strains with mutations in
many of the identified NCL genes. A summary of naturally occurring NCL in non-laboratory
animal models is shown in Table 1.3 and information on mouse models and other animal models

is presented in Table 1.4.

1.2.3.1 Cattle

NCL have been described in 3 breeds of cattle, namely; Beefmaster (Read and Bridges, 1969),
Australian Devon (Harper et al., 1988; Martinus et al., 1991; Jolly et al., 1992; Tammen et al.,
2002) and Holstein Friesian (Hafner et al., 2005). In earlier studies, NCL in cattle was described
as neuronal lipodystrophy (Read and Bridges, 1969), neurovisceral ceroid-lipofuscinosis (Harper
et al., 1988) and bovine ceroid lipofuscinosis (Jolly et al., 1992).

Within the various breeds, affected animals are born normal and initially develop progressive
blindness, followed by other signs with a general onset at about 9 months of age or older. Read
and Bridges (1969) reported NCL occurrence in a herd of Beefmaster cattle and described a case

of an 18-month old Beefmaster bull with early signs of nervous system disorder, blindness and
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intermittent circling. These signs persisted for approximately 6 months, before the animal
became comatose (interrupted by periodic clonic convulsion) prior to death. A single Holstein
steer aged at 15-18 months old was reported to have a history of progressive blindness, but
otherwise appeared to be afebrile, placid and well conditioned (Hafner et al., 2005). Ten Devon
cattle were reported to show signs of progressive blindness at an average age of 14 months old,;
of these animals, six were examined in detail (Harper et al., 1988; Martinus et al., 1991). These
animals collided with obstacles, and tended to walk or trot in a circle when disturbed, frequently
with a mild head tilt (Harper et al., 1988). In the affected herd, the animals maintained an overall
good condition before they eventually died from misadventure within 2 years of clinical onset
(Harper et al., 1988). The clinical signs are similar in both the Beefmaster and Australian Devon
breeds described above, with less detailed records for the Beefmaster cattle. In comparison, the
single Holstein steer only displayed progressive blindness with absence of the other signs shown
in the Beefmaster and Australian Devon cattle. However, other clinical signs might have

developed if the animal had not been sent for slaughter.

During necropsy, macroscopic examination revealed a slight decrease in the size of brains of
affected Devon cattle; with a varying extent of yellow discoloration present (Harper et al., 1988,
Jolly et al., 1992). Furthermore, cerebral atrophy of the posterior half of the cerebral cortex was
particularly severe in the occipital area. Another macroscopic change observed in the Devons
was mild atrophy of the cerebellum (Jolly et al., 1992). The eyes of affected Devon exhibited
severe retinal atrophy characterised by complete loss of the photoreceptor cell layers (Harper et
al., 1988; Jolly et al., 1992). Degeneration of the ophthalmic layer such as the outer and inner
retinal nuclear layer, with some loss of the ganglion cells was also observed. Retinal changes in
the Holstein steer (Hafner et al., 2005) were similar to those described in Devons (Harper et al.,
1988; Jolly et al., 1992). Read and Bridges (1969) did not report any macroscopic lesions in the

affected Beefmaster cattle.

In affected Devon and Holstein cattle the cytoplasm of cerebral neurons contained the
autofluorescent storage material characteristic of NCL. Storage material, which was also found
in various organs of all 3 breeds of cattle, stained blue with Luxol fast blue (LFB), black with

Sudan black (SB). Storage material in the Beefmaster did not stain pink with Periodic acid-Schiff
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(PAS) but this stain was positive for both Devons and the single Holstein steer. Examination
using the electron microscope identified that the ultrastructures of storage materials in affected
Devons were membrane-bound curvilinear bodies (Harper et al., 1988); discrete, partially
membrane bound and multilamellar in the Holstein (Hafner et al., 2005); and membrane bound,

lamellar and identical to the curvilinear profile in the Beefmasters (Read and Bridges, 1969).

Surviving retinal cells in both the Devons and Holstein steer contained a moderate amount of
autofluorescence storage material characteristic of NCL (Jolly et al., 1992; Harper et al., 1988,
Hafner et al., 2005). Read and Bridges (1969) reported that neurons of the ganglion cell layer of
the eyes contained similar storage material. It is not known whether the onset of clinical
blindness was due to the retinopathy, the atrophy of the visual cortex, or to concurrent lesions at
both sides (Harper et al., 1988). The comparative study of NCL demonstrated that the retinal
degeneration was more severe in cattle than in South Hampshire sheep, with cattle showing a

possible complete loss of the photoreceptor cells in terminal stage of disease (Jolly et al., 1992).

In Holstein cattle, Hafner et al. (2005) reported generalised deposition of cytoplasmic storage
material, with presence of small amounts of autofluorescent substance found in the cortical
tubules of the kidney and macrophages in the liver’s fibrotic portal triads. Likewise, Harper et al.
(1988) observed storage product in splenic and lymphoid histiocytes, renal tubular epithelium
and hepatocytes of affected Devon cattle. Thus, in all three cattle breeds affected animals display
pathologic findings characteristic for NCL. The limited data available for Holstein and
Beefmaster cattle make it difficult to assess whether these breeds represent similar or different
variants/forms of NCL. Using amino acid sequence and mass spectroscopy of isolated storage
material, Martinus et al. (1991) identified that the storage bodies in affected Devons are
composed of the hydrophobic protein subunit ¢ of mitochondrial ATP synthase (SCMAS). In
both Holstein and Beefmaster cattle the storage material was not further characterised, however,
the histochemical and ultrastructural lamellar profiles suggest SCMAS, as compared to GRODs
which are indicative of SAPs is more likely to be the storage material (Hafner et al., 2005; Read
and Bridges, 1969).
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Read and Bridges (1969), Harper et al. (1988) and Jolly et al. (1992) implied inheritance of NCL
as an autosomal recessive trait, but the pedigree information available at that time was based on
insufficient or incomplete breeding data. Years later, the autosomal recessive mode of
inheritance in Devon cattle was substantiated by Tammen et al. (2002) using pedigree analysis of

1248 animals with 24 affected and 28 obligate carriers.

Tammen et al. (2002) listed potential NCL candidate genes in Devons as CLN3, CLN5, CLN6
and CLNB8, after excluding CLN1, CLN2 and Cathepsin D, based on their respective clinical,
pathological and biochemical characterisation. Three of the candidate genes were mapped using
radiation hybrid mapping (Houweling et al., 2006a) and a homozygosity mapping approach was
implemented (Tammen et al., 2002). The CLN5 gene was selected as the most likely candidate
gene for NCL in Devon cattle on the basis of phenotypic and pathologic similarities between
affected cattle (Harper et al., 1988; Jolly et al., 1992) and CLN5 variant NCL affected humans
(Savukoski et al., 1994). A study (Houweling et al., 2006b) identified a single base duplication
(c.662dupG) in bovine CLN5 as the cause for NCL in Devon cattle. The mutation causes a
frame-shift and premature termination (p.Arg221GlyfsX6) which is predicted to result in a
severely truncated protein. However further studies will be required to know the exact function
of CLNS5 in both humans and animals. Based on the clinical, pathological and recently identified
molecular aspects of the disorder in Devon cattle, NCL in Devon cattle is considered as an
animal model for human Finnish variant LINCL (fVLINCL; CLN5) (Houweling et al., 2005). It
appears that the disease is not a problem for the wider Australian Devon population as a recent
study estimated the allele frequency for the disease allele to be 0 or close to 0 (Okazaki et al.,
2013).

1.2.3.2 Dogs

Canine NCL have been reported in at least 20 different breeds. In most cases, identification of
NCL in a particular breed was originally made in the veterinary literature. These occurrences
often remain as independent cases with no close examination or follow up studies (Mole et al.,
2011).
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Studies on NCL in dogs have significantly advanced the repertoire of genes that are known to
cause NCL when mutated, provided mechanistic insights and enabled the testing of experimental
therapies in a relatively large brain (Bond et al., 2013). As of 2014, NCL disease causing
mutations have been identified in 8 canine genes (CLN8, CLN5, CLN10/CTSD, CLN2/TPPI,
CLN1/PPT1, ARSG, ATP13A2 and CLNG6) (Table 1.3). DNA based tests for NCL diagnoses of
affected animals and identification of carriers to reduce breeding of carriers dogs are available
for some breeds, namely Tibetan terriers, Dachshunds, American bulldogs and English setters

(http://www.caninegeneticdiseases.net/CL site/mainCL.htm) and Border collies

(http://www.bordercolliehealth.com/). Generally, an initial diagnosis of NCL is considered when

dogs develop a progressive neurodegenerative disease with loss of vision and motor disturbances
(ataxia, tremor) and behavioural abnormalities, such as aggression, fearfulness and compulsive

activity (Jolly et al., 1994a). Affected dogs are usually euthanised due to a poor prognosis.

The following canine NCL models are listed according to their respective breed with a focus on
those with assigned NCL genes (Table 1.3). NCLs in dogs are associated with autosomal

recessive mode of inheritance based on pedigree information.

The Norwegian English Setter was the first canine model established for NCL research
(Koppang, 1988). A research colony for this breed was maintained in Norway and has been
studied extensively since the 1960s. Affected animals exhibit no symptoms from birth to 12 - 14
months of age, and then from about 12 months develop clinical signs of reduced vision and
mental deterioration (Koppang, 1992). Convulsions are frequently observed within months of
symptom onset and persist until death (Koppang, 1992). There is rare survival beyond 2 years of
age (Koppang, 1992). Macroscopically, typical NCL brain changes of marked and moderate
cerebral and cerebellum atrophies, respectively, with yellowish-brown discolouration was
observed (Koppang, 1992). Microscopically, autofluorescent storage materials were found in the
neurons of all regions of the central nervous system and almost every organ (Koppang, 1992).
NCL in the English Setters was mapped to canine chromosome 37 (CFA37) orthologous to
human chromosome 2 (HSA2) (Lingaas et al., 1998). Sequencing of the canine genome revealed
that canine CLN8 is located on canine chromosome 37 (CFA37) (Katz et al., 2005a). Sequencing

analysis identified a ¢.491T>C missense mutation predicted to cause an amino acid change
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(p.L164P) in the canine CLN8 (Katz et al, 2005a). NCL in the English Setters is a model for
human JNCL (Koppang, 1988). This research colony has since been discontinued as no funding
support could be obtained for maintaining a small research colony. However, carrier dogs from
the original research population and frozen semen is available for research purposes (Mole et al.,
2011).

Border collies with NCL were first reported in 1988 (Taylor and Farrow, 1988). Clinical onset in
these dogs were observed between 16 - 23 months of age, with progressing signs of behaviour
changes including hyperactivity and aimless wondering, motor abnormalities, and visual deficits
(Taylor and Farrow, 1992). Visual deficits or blindness often developed at approximately 21
months of age (Studdert and Mitten, 1991). Light and electron microscopic examination revealed
neuronal degeneration with storage accumulation in neurons of the CNS, in ganglia of the
peripheral nervous system, retina, and in several non-nervous tissues (Franks et al., 1999).
Accumulation of SCMAS was reported (Jolly et al., 1994a) in the storage bodies. A combination
of linkage analysis and comparative genomics identified the canine CLN5 gene to be responsible
for NCL in the Border collies (Melville et al., 2005). This gene is orthologous to the gene
responsible for the human Finnish vLINCL (Melville et al., 2005). A nonsense point mutation
(c.619C>T) that leads to a truncated protein (stop codon Q206X) was identified as the disease
causing mutation in this breed (Melville et al., 2005). A recent paper demonstrated a high
frequency of 8.1% of the mutant allele in dogs in Japan using novel rapid genotyping assays

(Mizukami et al., 2011). No affected dogs are currently being maintained as research colonies.

NCL in American Bulldogs was described in a group of related dogs between 2001 and 2003
(Evans et al., 2005). Clinical onsets in these dogs were within the range of 1 — 3 years of age and
consist mainly of motor abnormalities that included progressive ataxia and hypermetria in all
four limbs (Evans et al., 2005). Other signs observed were conscious proprioception deficits and
wide-based stance in all 4 limbs. Most of the affected dogs were euthanised by 4 — 6 years of age
due to the severity of the symptoms. The only gross pathological change observed in the brain
was that it had light brown hues (Evans et al., 2005). Storage bodies found in the brain, retina
and liver exhibited golden-yellow autofluorescence characteristic of the NCL (Evans et al.,

2005). Electron microscopy identified granular and lipoidal ultrastructures (Evans et al., 2005).
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Sequencing analysis identified canine CTSD/CLN10 as the causative gene for NCL in the
American Bulldogs (Koike et al., 2000; Tyyneld et al., 2000). The mutation responsible for the
disease in this breed is a G>A mutation which predicts the conversion of methionine-199 to an
isoleucine (Awano et al., 2006b). This amino acid change results in a substantial reduction, but
not a complete loss of, cathepsin D enzyme activity in the brain (Awano et al., 2006b). No

affected dogs are currently being maintained as research colonies.

Isolated reports of NCL in Dachshunds have been published in the past (Cummings and de
Lahunta, 1977; Vandevelde and Fatzer, 1980). Reports to be described here show two genetically
distinct forms of NCL, which differ from previously reported Dachshund diseases in that these

cases have a much earlier onset and are more rapidly progressive.

In longhaired Dachshunds, initial clinical signs were noted at 7 - 9 months of age and included
vomiting, mental dullness and unresponsiveness to previously learned commands (Awano et al.,
2006a). Signs developed in the coming months were progressive ataxia, visual deficits,
generalised myoclonic seizures and circling. Affected dogs died at 12 months of age.
Autofluorescent storage bodies characteristic of NCL were present in all examined regions of the
central nervous system (Awano et al., 2006a). Ultrastructural analyses indicated that the storage
body contents in all of the neural tissues consisted of curvilinear forms characteristic of those
that accumulate in the human CLN2 variant (Awano et al, 2006a). Resequencing of the canine
orthologue TPPL1 revealed a single nucleotide deletion (c.325delC) which was predicted to cause
a frame shift after amino acid 107 (exon 4) with a stop codon at position 114 (Awano et al,
2006a). A research colony for the longhaired Dachshunds has been established as a model for the
human CLN2 variant (Awano et al., 2006a; Katz et al., 2008).

A Miniature Dachshund with NCL was initially presented with kyphosis and stiffness of gait at 9
months of age (Sanders et al., 2010). Within months, the disease progressed to include
uncontrolled rhythmic head movements, tremors and loss of coordination and vision. The dog
was euthanised at 14 months of age due to the severity of the neurological signs (Sanders et al.,
2010). Microscopic examination of fixed tissues showed massive accumulation of

autofluorescent storage material characteristic of NCL in neurons of the retina, cerebellum, and
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cerebral cortex (Sanders et al., 2010). Ultrastructural examination of the cerebral cortex and
cerebellum indicated that the storage bodies consisted largely of uniform granular appearing
material (Sanders et al., 2010), typical of the GROD described in some human NCLs, primarily
classical INCL (Tyyneld et al., 2000). Resequencing of the PPT1/CLN1 revealed a
c.736_737insC mutation causing a frame shift which alters the predicted amino acid coding after
Gly245, leading to a premature stop codon at position 276 in the altered protein (Sanders et al.,
2010). As a result, this mutation was predicted to encode a polypeptide with an altered and
truncated C-terminal end (Sanders et al., 2010). A research colony has been established at the

University of Missouri (Sanders et al., 2011).

Australian Shepherds have potentially two genetically distinct forms of NCL. A report by
O'Brien and Katz (2008) described 3 Australia Shepherd littermates with a history of progressive
loss of vision and tremors that showed nervousness and a wide-based stance in the hind limbs
and mild hypermetria upon examination. Magnetic resonance imaging (MRI) identified cerebral
atrophy. There was a large accumulation of autofloresecent storage bodies characteristic of NCL
found throughout the cells in the brain and central nervous system. Only paraffin-embedded
tissues were available from these dogs and no attempt was made to identify the underlying
mutation (O'Brien and Katz, 2008). Subsequently, tissues from an unrelated Australian Shepherd
that was euthanised after exhibiting similar symptoms of vision loss and neurological signs at 19
months of age were taken for further analyses (Katz et al., 2011). Electron microscopy revealed
large amounts of autofluorescent bodies in the cerebral cortex, cerebellum, and retina of the
affected dog. Sequencing analysis identified the disease causing mutation as a ¢.829T>C
transition in the CLNG, which constitutes a missense mutation producing a CGG arginine codon
instead of the common TGG codon for tryptophan (Katz et al., 2011). The T to C transition
results in a tryptophan to arginine amino acid change in the predicted protein sequence. Because
of the relatively unknown function of the CLNG6 protein, it is not possible to determine whether

the mutation results in functional alterations.
Interestingly, two additional genes (ARSG and ATP13A2) proposed to cause NCL in dogs have
so far not been associated with NCL in humans. These genes are discussed in the following

paragraphs.
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NCL in American Staffordshire Terriers has a relatively later onset than those described in the
other breeds of dogs. Affected dogs have adult onset at 3 to 5 years of age, with signs of
locomotor disabilities and ataxia (Abitbol et al., 2010). Through combined association, linkage,
and haplotype analyses, NCL in this breed was mapped to a single region of canine chromosome
9. The disease causing mutation was postulated as 296G>A of the Arylsulfatase G (ARSG) gene
(Abitbol et al., 2010). This missense change leads to a 75% decrease in sulfatase activity,
providing a functional confirmation that the variant might be the NCL-causing mutation (Abitbol
etal., 2010).

Another breed of dog with an assigned gene is the Tibetan terrier. NCL in this breed exhibits
adult onset with visible signs at approximately 5 -7 years of age, with signs of anxiety, sensitivity
to noise, ataxia, tremors and seizures (Katz et al., 2005b). The disease progresses slowly until
euthanasia at 8 -10 years of age due to disease-related debility (Katz et al., 2005b). The most
significant gross pathological change observed in affected dogs is a severe reduction of the
cerebellum. Genome wide association analyses and mixed model analysis mapped NCL to dog
chromosome 2 (CFA2) (Wohlke et al., 2011). A mutation analysis identified the disease causing
mutation as a single base pair deletion (c.1620delG) in the ATP13A2 gene which causes skipping
of exon 16 and results in a lack of 69 amino acids (Farias et al., 2011). Interestingly, other
mutations in this gene have been described in Kufor-Rakeb syndrome (KRS) patients, a familial
form of Parkinson disease (PARK9) (Ramirez et al., 2006). It has been suggested that KRS is a
form of NCL (Farias et al., 2011; Mole et al., 2011) due to a single gene causing two distinctly
rare neurodegenerative diseases. Analysis of KRS brain tissue will be needed to confirm this

prediction (Farias et al., 2011).

At least 11 breeds of dogs with unassigned NCL genes (Polish Lowland Sheepdog, Miniature
Schnauzer, Chihuahuas, Cocker spaniel, Dalmatian, Japanese Retriever, Welsh corgi, American
Pit Bull Terrier, Labrador retriever, Golden retriever, Australian Cattle Dog) are summarised in
Table 1.3.
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1.2.3.3 Mice

Apart from sheep, cattle and dogs, mice are intensively used for modelling the biology, disease
progression and therapeutic approaches of NCL. The existing NCL mouse models have mostly
been developed through genetic modifications targeting a specific gene or gene locus to
accurately mimic human genotypic defects (Cooper et al., 2006; Mole et al., 2011; Bond et al.,
2013). Although mouse models of NCL are providing significant clues to the underlying
biological basis of the disease, such studies in mice can be relatively slow, laborious and
expensive to perform compared to the zebrafish (Cooper et al., 2006). A table which was adapted
from a review paper by Bond et al. (2013) summarising the NCL genes for which a mouse model

exists is shown here (Table 1.4).

1.2.3.4 Cats

Four independent case studies were documented for feline NCL in the 1990s, with 3 cases
identified in domestic short hairs (DSH) (Nakayama et al., 1993; Bildfell et al., 1995;
Weissenbock and Rossel, 1997) and one in a Siamese cat (Green and Little, 1974). The onset of
disease varied between 7 months (Nakayama et al., 1993) and 22 months (Green and Little,
1974) of age. All affected cats were presented with various behavioural changes and neurological
signs including uncoordinated gait (Nakayama et al., 1993; Weissenbock and Rossel, 1997),
reduced vision and seizures (Weissenbock and Rossel, 1997), altered mentation and complete
blindness, (Bildfell et al., 1995), as well as hyperesthesia, mania and photophobia (Green and
Little, 1974). In all of these cases the progress of the disease was rapid and ultimately resulted in

premature death or euthanasia.

Macroscopic examination showed similar pathological findings of atrophy and lesions of the
brain, particularly of the cerebral hemispheres (Nakayama et al., 1993; Weissenbock and Rossel,
1997) with presence of yellowish brown discolouration in the brain and liver (Nakayama et al.,
1993). Green and Little (1974) and Bildfell et al. (1995) did not report of any macroscopic
lesion. All 4 studies documented multiple eosinophilic cytoplasmic storage materials of various
sizes in the neurons throughout the brain and spinal cord. Positive staining of these materials

with Luxol fast, Sudan black and PAS were characteristic of NCL. Generally, the storage
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materials were shown to emit yellowish green autofluorescence under a fluorescent microscope,
but fluorescence was not mentioned in the Siamese cats (Green and Little, 1974).
Ultrastructurally, neuronal lysosomes contained multilamelar arrays consistent with curvilinear
(Green and Little, 1974; Nakayama et al., 1993; Bildfell et al., 1995; Weissenbock and Rossel,
1997) or fingerprint structures (Weissenbock and Rossel, 1997). The accumulation of storage
material was not detectable in extraneural tissues examined in two reports (Bildfell et al., 1995;
Weissenbock and Rossel, 1997).

Only one study (domestic breed) reported diffuse retinal degeneration characterised by thinning
of the photoreceptor layers and loss of ganglion cells (Bildfell et al., 1995). It was not stated if
the retina was examined in the other NCL cats. Immunohistochemistry demonstrated the storage
material in one cat to be composed of SCMAS (Weissenbock and Rossel, 1997). Histochemical
and ultrastructural profiles of the storage material in the other cats suggest SCMAS (Green and
Little, 1974; Nakayama et al., 1993; Bildfell et al., 1995). Pedigree information was not available
for any of the cases but an autosomal recessive mode of inheritance was suggested (Green and
Little, 1974).

A new report of feline NCL has emerged fifteen years after the last documented case (Kuwamura
et al., 2009). The Japanese DSH cat showed almost identical clinical signs and GRODs
ultrastructures to the Japanese DSH cat described earlier (Nakayama et al., 1993). The GROD
ultrastructures and cytoplasmic vacuoles in some lymphocytes seen in the cat were postulated to
be features of human NCL caused by defects of the CLN3 gene (Furusawa et al., 2012). This
hypothesis prompted analysis of the feline CLN3 to identify a potential disease causing mutation
(Furusawa et al., 2012). The direct DNA sequencing analysis revealed 17 variants in the CLN3
whole gene and regulatory regions, from the cat with NCL, when compared with CLN3 in the
GenBank database and healthy control cats. None of these gene variants appeared to be disease

causing, thus it was likely that CLN3 was not the causative gene (Furusawa et al., 2012).
The most recent study on feline NCL has been documented in three DSH cats presented with a
history of chronic progressive neurological clinical signs including partial (facial) and

generalised seizures and variable visual deficits (blindness, absent menace reflex) (Chalkley et
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al., 2013). Clinical onset varied between these cats (6 months, 1.5 years and between 1 and 2
years of age) and the progression from onset of disease to euthanasia was reported to be
approximately 1 year. Macroscopic and microscopic examination at necropsy revealed typical
NCL characteristics seen in earlier feline NCL cases; namely brain atrophy, neuronal loss and
autofluorescence storage materials found throughout the brain and spinal cord. Although all 3
cats shared a similar distribution and pattern of lesions, the intensity and severity of the lesions
varied from region to region throughout the CNS (Chalkley et al., 2013). Ultrastructural
examination of the storage materials were slightly different between the cats; with GRODs,
rectilinear (RL), fingerprint (FPR) and curvilinear profiles (CP) observed in one cat and only
FPR and RL in the remaining two cats. Differences in clinical presentation and neurological
lesions as well as storage material ultrastructures suggest that the 3 cats may have had different
variants of NCL (Chalkley et al., 2013). NCL candidate gene mutational analysis was performed
for only 1 cat due to limited resources. Of the 5 candidate genes evaluated (CLN1/PPT1, CLN3,
CLN5, CLN8, and CLN10/CTSD), a number of sequence variants were identified when
compared with the cat reference sequence, but none appeared likely to be disease causing
(Chalkley et al., 2013).

1.2.3.5 Monkeys

A possible case of NCL was reported in a cynomolgus monkey (Macaca fascicularis) of 7 or 8
years of age (Jasty et al., 1984). The monkey was used as a control animal in an unrelated study
and did not exhibit any clinical signs of illness during 3 months of observation prior to sacrifice.
Light microscopy examination showed that various tissue cells including cells of the salivary
gland, bile ducts, sweat glands, skeletal and smooth muscles, and neuronal cells of the CNS
contained intracytoplasmic storage material. These granules stained weakly with Sudan black
and PAS, and were autofluorescence under fluorescence microscopy (Jasty et al., 1984). Electron
microscopy revealed that the granules were presented in various forms of profiles exclusive to
the different types of tissue cells; including fingerprint structures in Purkinje’s cells of the
cerebellum and other neuronal cells of the brain, and lamella arranged in a vaguely distinctive
concentric pattern in the ductal cells of the salivary glands (Jasty et al, 1984). This case study of
possible NCL in the monkey was considered unique because the granules were present in

abundance in almost every type of tissue (Jasty et al., 1984). Several findings in this case were
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uncharacteristic of NCL such as the granules appearing bright pink when viewed with a light
microscope and that they weakly stained with Sudan black and PAS. Apart from NCL, other
potential causes for the unusual generalised distribution of the granules were old age and
nutritional deficiency, however in the absence of supporting evidence the exact aetiology will be
difficult to identify (Jasty et al., 1984).

1.2.3.6 Pigs

The only report of NCL in a pig was documented in a pig of 2 years of age that initially
manifested minimal hind limb ataxia that progressed to tetraparesis with frequent stumbling and
falling after 4 months (Cesta at al., 2006). Within a week the pig’s condition deteriorated rapidly
until it was unable to eat or drink independently and had a staggering gait (Cesta et al., 2006).
Other signs noted were a slight head tilt and intermittent nystagmus. Upon presentation at the
veterinary hospital, the pig was nonambulatory tetraparetic with a mild head tilt to the right with
normal mentation and attitude. Neurological examination revealed nystagmus, rolling of the
animal to the right when prompted to move, absence of postural reactions and conscious

proprioception, and normal withdrawal reflexes (Cesta et al., 2006).

There was absence of gross lesions at necropsy. Microscopic lesions were restricted to the CNS
with most neurons containing various storage materials (Cesta et al., 2006). The cerebral cortex
contained the most storage materials. There was diffuse, mild to moderate neuronal loss in the
cerebellar nuclei, cochlear nuclei and ventral horn of the spinal cord, as well as regions of the
most severe neuronal degeneration, which includes the hippocampus, cerebral cortex and
cerebellum (Cesta et al., 2006). Marked loss of cerebellar Purkinje cells was observed with the
remaining cells containing small amounts of storage materials. These materials stained positive
with PAS, luxol blue and Sudan black; and autofluorescence under fluorescence microscopy.
The ultrastructures of the storage material were reported as multilamellar profiles of up to 5
layers consisting of curvilinear and GRODs; which appeared consistent with NCL associated
profiles for SCMAS and SAPs (Cesta et al., 2006). Although there were no further studies
(including genetic data) to verify NCL as the underlying disease in this pig, the morphological,

histologic and ultrastructural properties of the storage materials were typical of NCL.
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1.2.3.7 Horses

The only reported cases of NCL in horses have been documented in 3 distantly related Icelandic
horse and Peruvian paso horses in Austria (Url et al., 2001). All three horses showed
developmental retardation, slow movements and loss of appetite at six months of age. This was
followed by an onset of neurological symptoms at about 1 year of age; with characteristics of
torticollis, ataxia, head tilt and visual failure (observed in 1 horse). Gross pathological findings
included slight flattening of the gyri in all 3 horses and yellow-brownish discoloration observed
in the brain of 2 horses. Histological findings showed massive loss of neurons of all cortical
layers of the cerebrum. Storage bodies of autofluorescence material were found in the majority
of neurons in the cerebral cortex and with less frequency in neurons of other brain regions, spinal
cord and in retinal cells (Url et al., 2001). Immunohistochemistry revealed the presence of large
amounts of subunit ¢ of mitochondrial ATP synthase and small amounts of SAPs in the storage
bodies. Ultrastructurally, the storage bodies were present in various forms of lamellar profiles;
fingerprints, curvilinear and rectilinear formations. The genetic basis for NCL in equines has yet
to be determined, however, autosomal recessive inheritance was suggested by the existence of
healthy parents and siblings that did not exhibit any neurological symptoms (Url et al., 2001).

1.2.3.8 Goats

NCL was reported in two closely related female Nubian goats that presented different onsets of
clinical signs (Fiske and Storts, 1988). One showed progressive ataxia and hind quarter paresis at
18 months of age, and the other displayed neurological condition affecting the gait at 10 months,
that developed to progressive ataxia and paresis in the months preceding death at 4 years of age
(Fiske and Storts, 1988). Microscopic lesions in both goats showed brightly autofluoresecent
storage material in all affected neurons. The physical appearance of the material ranged from
very fine to distinct granules. The highest proportion of affected neurons was in areas of the
central nervous system, specifically the ventral horns of all spinal cord segments and the brain
stem (Fiske and Storts, 1988). Less severe lesions were found in the cerebellum and

hypothalamus; and even milder ones in the cerebral cortex. Ultrastructurally, the storage material
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within neurons consisted of spherical, concentrically-laminated membranous bodies, some of
which had a fingerprint pattern (Fiske and Storts, 1988). The storage materials were
characteristic of NCL: they showed autofluorescence with ultraviolet light and responded to
other staining techniques e.g. PAS and Sudan black. However, no further studies or observation
has been made into NCL in goats, and the biochemical properties of the storage materials have
yet to be identified. The genetic basis for NCL in goats was considered to be autosomal recessive

based on preliminary pedigree analysis (Fiske and Storts, 1988).

1.2.3.9 Birds

Reece and Macwhirter (1988) described a possible case of NCL in a peach-faced lovebird
(Agaponis roseicollis) of nine months of age. The bird presented with signs of incoordination,
loss of balance and intermittent convulsive seizures followed by death after a convulsion (Reece
and Macwhirter, 1988). At necropsy, there were no gross lesions. Microscopically, the neurons
in the brain stem and spinal cord showed yellow-gold granules in their cytoplasm. Many of the
affected neurons were degenerate (Reece and Macwhirter, 1988). The yellow-gold granules
showed autofluorescence under ultraviolet light and stained characteristically for NCL. The
biochemical properties of the granules were not identified. However, a tumour found in close
proximity to the brain stem in this bird could also have caused the neurological signs (Reece and
Macwhirter, 1988).

1.2.3.10 Ducks

The second case report of NCL in an avian species and the first in a duck was reported in a 3
year old privately owned duck (Evans et al., 2012). The duck presented with a history of bilateral
pododermatitis that progressed within 2 years, to bilateral nasal discharge, acute open-mouth
breathing and nonambulatory paresis. Gross lesions were unremarkable. Storage materials were

found within neurons and spinal cord, and stained positive for periodic acid-Schiff (PAS) and
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luxol-fast blue (LFB) (Evans et al., 2012). NCL occurrence in this bird differed from the lovebird
(Reece and Macwhirter, 1988) as the clinical presentation was chronic and lasted for 2 years
after initial presentation. Different times of onset and rates of progression are not unusual for
different variants of the disease and suggest different variants present between the avian species
(Evans etal., 2012).

1.2.3.11 Ferrets

The only published report of NCL in a ferret was described in a 4 month old ferret with a history
of ataxia at 3 months of age (Nibe et al., 2011). Additional signs observed in the ferret were
weight loss, dysphagia, tremors, diarrhoea and dysstasia. Severe gross lesions found in the
cerebrum were typical of NCL. Storage materials found in the neuronal cells exhibited
fluorescence under fluorescence microscopy and stained positive for PAS, Sudan Black and LFB
(Nibe et al., 2011). Electron microscopy examinations revealed the storage materials to be
similar to GRODs ultrastructures. Results of immunohistochemical studies indicated SAPs as the
major storage materials. The clinical and pathological features in the case study suggested that
the ferret was affected with NCL (Nibe et al., 2011).

1.2.3.12 Other traditional animal models

In recent years, zebrafish (Cooper et al., 2006; Wang et al., 2007; Mahmood et al., 2013),
nematode worm (Caenorhabditis elegans), fruitfly (Drosophilia melanogaster) and yeast
(Saccharomyces cerevisiae and Schizosaccharomyces pombe) have been genetically engineered
to be used as models for NCL. Reviews of these NCL models are available (Bond et al., 2013
and Mole et al., 2011).

Briefly, zebrafish are traditionally used for mutational analysis, with studies establishing the

functions of the proteins encoded by each gene that is mutated (Wang et al., 2007). This model
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has certain distinct advantages including a short generation time, large brood size and

increasingly well-understood anatomy, physiology and genetics (Cooper et al., 2006).

Studies in the fruitfly discovered that a large number of genes are homologues to genes in higher
organisms including humans, and the resulting proteins have similar functions, thus studies in
fruitfly can contribute to the identification of pathways underlying a variety of biological
processes (Bond et al., 2013). The model is used to aid the study of NCL where it has
contributed to the growing understanding of the molecular basis of the disease and may also

provide an additional platform for the development of therapies.

Another model used for NCL is yeast, which has been found to be highly amenable to genetic
manipulation and analysis, has short generation times and reproduces in a genetically stable
manner. Yeast also recapitulates many fundamental aspects of mammalian cell biology (Bond et
al., 2013) and is rapidly emerging as a powerful model for the cell biology of neurodegeneration
(Khurana and Lindquist, 2010).

However, zebrafish, nematode worm, fruitfly and yeast have clear limitations (e.g. lack of a
complex nervous system, short lifespan) when compared to mouse and large animal models for
NCL (Bond et al., 2013, Mole et al., 2011).

A table listing naturally occurring and genetically engineered model organisms for human NCL

genes and variants is shown below (Table 1.4).

Table 1.4: Summary of naturally occurring and genetically engineered model organisms with mutations in
orthologues of human NCL genes and disease variants. Information has been adapted from Bond et al. (2013)
and Cooper et al. (2006).

Model organism Human NCL gene (italicized) or variants (not italicized)

Mouse CLN1, CLN2, CLN3, CLN5, CLN6*, CLN8* , CLN10, Cathepsin D
Zebrafish CLN21, CLN2, CLN3, CLN4, CLN5, CLN6, CLN7, CLN8, CLN10 and CLN11
Drosophilia CLN21, CLN3 and CLN10

Yeast CLN1, CLN3 and CLN10

*naturally occurring NCL variant
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Ultimately, NCL research in animal models has increased the understanding of NCL in humans.
Discovery of the subunit ¢ of mitochondrial ATP synthase (SCMAS) as one of the major storage
body components was initially made in the South Hampshire sheep (Palmer et al., 1989a).
Subsequent studies showed that SCMAS is also stored in brains of patients with late-infantile,
juvenile and adult onset (Kufs) forms of NCL (Hall et al., 1991). The fact that mutations in
Cathepsin D can cause NCL disease was originally discovered in Swedish landrace sheep
(Tyynel& et al.. 2000), and subsequently found to be also involved in human patients (Steinfeld et
al., 2006) and dogs (Awano et al., 2006b) with the CLN10 form of NCL. A study of a mouse
model for human JNCL documented time course changes in retinal tissues (at birth, 3 months
and 1 year), which resulted in valuable understanding of the mechanism for visual deficits
(Weimer et al., 2006). An insight into preclinical course of the NCL disease in sheep identified
early changes in the brain prenatally (Kay et al., 2006) and showed neuroinflammation preceded
neurodegeneration in disease progression (Oswald et al., 2005). Recent studies in animal models
have identified genes that are expected to cause NCL disease but for which so far no human
cases have been identified (Abitbol et al., 2010; Farias et al., 2011 and Wohlke et al., 2011).

1.3 Research objectives

South Hampshire sheep with NCL are recognised as one of the best characterised animal models
for NCL in humans. Despite the identification of CLN6 as a strong candidate gene for this
disease in South Hampshire sheep a disease causing mutation has not been identified. A mutation
affecting gene regulation has been proposed and lack of ovine genomic sequence information for
the identified candidate gene region was identified as a major hindrance to detect such a

mutation.

The main objective of the research presented in this thesis is the identification and

characterisation of the mutation responsible for NCL in the South Hampshire sheep.
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Generation of genomic sequence for the area of interest in normal sheep followed by mutation
screening in affected sheep are proposed to achieve the research objectives. Due to changes in

sequencing technology during this research the methods used to achieve these outcomes evolved.

Additional research objectives are the development of a diagnostic test if the South Hampshire

NCL mutation can be identified.

1.4 Gene regulation

1.4.1 Introduction

Gene regulation relates to the regulation of the amount, location and timing of appearance of the
functional product of a gene. The regulation process follows the fundamental dogma of
molecular biology, where DNA is transcribed into RNA which in turn, translates into protein.
Any step of gene expression may be modulated, from the DNA to RNA transcription step, to

post-translational modifications of a protein.

Linkage analysis identified ovine CLN6 as the candidate gene for NCL in South Hampshire
sheep. While sequencing of the CLN6 coding sequence in NCL affected SH sheep did not
identify any disease causing mutation, quantitative PCR revealed reduced CLN6 messenger RNA
(mRNA) (Tammen et al., 2006). Therefore mutations in the non-coding regions within or
flanking this gene, with an effect on the level of CLN6 mRNA were postulated to cause NCL
disease in these sheep (Tammen et al., 2006). Changes to regulatory sequences from these
genome regions potentially affect the expression pattern or expression level of the gene they
normally regulate (Loots, 2008). The following section briefly summarises information on

regulation at transcription and post-transcription levels.
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1.4.2 Transcriptional regulation

Gene transcription is complex in eukaryotic cells, with distinct classes of genes transcribed from
DNA into RNA by multiple different RNA polymerase enzymes that interact with a variety of
additional proteins to initiate transcription (Cooper, 2000). This sophisticated regulation of gene
expression directs the activities of the many different cell types of multicellular organisms
(Cooper, 2000). Transcriptional control of gene expression is achieved through 3 different
mechanisms; chromatin structural regulation prior to onset of transcription, interaction of DNA
sequence elements predominantly upstream to the gene transcription start site (TSS), and binding
of the DNA elements to transcription factors that either activate or repress transcription
(Latchman, 2005).

1.4.2.1 Chromatin structure

Chromatin is the complex of DNA and proteins found within the nucleus of a cell. Alteration in
the chromatin structure of a gene is one of the three mechanisms of transcriptional control of
gene expression. Tightly dense solenoid structured DNA is incapable of being transcribed,
whereas open/loosely structured chromatin and nucleosome-free/ structurally altered
nucleosomes are more accessible for binding of regulatory proteins to occur, which in turn

initiates transcription (Latchman, 2005).

1.4.2.2 DNA sequence elements

The actual onset of transcription takes place through interaction of transcription factors (TF) with
specific DNA sequence elements called promoters, which are adjacent to or at a distance from
the target gene transcription start site (TSS) (Latchman, 2005). These promoters coordinate
expression of protein coding genes and are recognised by the presence of known promoter
elements and their consensus sequences, such as Cpg islands which are stretches of DNA in

which the frequency of the CG sequence is higher than other regions (Carninci et al., 2006) and
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CAAT boxes which are distinct pattern of nucleotides witha GGCCAATCT consensus sequence
(Zhu et al., 2012).

Eukaryotic promoters are more diverse and complex when compared to promoters in prokaryotes
and studies have shown that more than 10 different classes exist (Gagniuc and lonescu-
Tirgoviste, 2012). Alteration of these promoters effectively modifies transcription and potentially
contributes to disease (Zhao et al., 2016). Promoter deacetylation has been observed to cause
dysregulation in experimental mouse models of Huntington disease (Guiretti et al., 2016).

Similar to NCL, Huntington disease is a fatal neurodegenerative condition.

Enhancers are elements that can activate transcription of their target genes in a tissue-specific
manner, independent of distance (ranging from several to hundreds, in rare cases even thousands,
of kilobases) and orientation (Calo and Wysocka, 2013). Enhancers have long been thought to
bind transcription factors and be primarily active at the DNA level, however recent work has
identified long non-coding RNAs (ncRNA) transcribed from active enhancers as important
players in enhancer activity and function (Vucicevic et al., 2015). In contrast, silencers are
elements that have an inhibitory effect on gene expression levels (Latchman, 2005). Silencers
correlate with RNA production and comprise of both long and short RNA molecules; namely
antigene RNAs (agRNAs) and microRNAs (miRNAs) (Kolovos et al.,, 2012). MicroRNAs
(miRNAs) are an average of 22 nucleotides in length, and are among the shortest functional
eukaryotic RNAs (Ameres and Zamore, 2013). These miRNAs repress most of the genes they
regulate by just a small amount, yet they can potentially target hundreds of genes with different
biochemical and biological functions (Ameres and Zamore, 2013). Because genes can have many
regulatory elements, it is difficult to determine the relative effect of each element in influencing

gene expression levels (Rajagopal et al., 2016).

Insulators act as boundary elements that prevent action of irrelevant enhancers and silencers
(Kolovos et al., 2012). Insulators have been suggested to evolve from a class of promoters
binding a specific subset of TF (Raab and Kamakaka, 2010), with many marked by DNase
hypersensitivity and presence of bound RNA Polymerase Il (RNAPII) (Kolovos et al., 2012).
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1.4.2.3 Transcription factors (TF)

DNA sequence elements affect the rate of gene transcription by binding to regulatory proteins
known as transcription factors (TF) (Latchman, 2005). Following binding of a TF to a particular
DNA element (i.e. a transcription factor binding site (TFBS)), the TF can recruit the RNA
polymerase and thus activate transcription or repress transcription. Transcription factors can be
recognised based on their respective TFBS consensus sequence. The TRANSFAC 7.0/2005

database (http://www.gene-regulation.com/pub/databases.html; Wingender et al., 1996) is a

public database that represents the largest repository for experimentally derived TFBS and
contains data on transcription factors, their experimentally-proven binding sites and regulated
genes. Although no CLN6 TFBS are documented in TRANSFAC to date, predicted TFBS for
CLNG6 are listed in the following link: http://www.genecards.org/cqi-
bin/carddisp.pl?gene=CLN6&search=CLN6.

1.4.3 Methods to identify regulatory elements

Computationally predicting TFBSs that are functionally significant is a great challenge because
they are short (6 — 12 bp), highly degenerate sequence motifs that occur very frequently in a
genome, thus generate predictions with high rates of false positives when used in whole-genome
analysis (Loots, 2008). It is not yet known how many different TFs need to synergistically
cooperate to initiate expression. It has been suggested that a typical enhancer contains a
minimum of 10 TFBSs for at least 3 different TFs (Levine and Tjian, 2003). What makes
transcriptional genomics in vertebrates highly intricate stems from two recent observations:
firstly, all regulatory elements associated with a transcript can be scattered over great distances
that can reach megabases (Mb) in length (Nobrega et al., 2003; Sagai et al., 2005), and secondly,
some regulatory elements are capable of controlling multiple transcripts, skip intercalating genes,
or regulate one transcript while being positioned within a different transcript (Loots et al., 2000;
Zuniga et al., 2004).
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1.4.3.1 Computational method for predicting regulatory elements

The majority of available computational tools for predicting regulatory elements are based on
aligning orthologous sequences and detecting TFBS. Loots (2008) discussed three different
approaches that use pattern recognition. These approaches are, prediction using a library of
known motifs (rVISTA; Loots et al., 2002) or conserved sequence blocks (FootPrinter;
Blanchette and Tompa, 2002), identification of TFBS clusters (Berman et al., 2002) and
prediction of conserved sequences based on specific regulatory properties shared by multiple

functionally related sequences from the same organism (CREME; Sharan et al., 2004).

It has been shown that combination of pattern recognition with comparative sequence analysis
dramatically reduces the number of false positives (Loots, 2008). rVISTA (Loots et al., 2002)
and Consite (Sandelin et al., 2004) are programs that combine TFBS motif searches and cross-
species sequence analysis. Considering that the ovine genome sequence was not available when
this study commenced in 2006, flanking genome sequences from other species were proposed to

be utilised to predict regulatory elements for the ovine CLNG6.

1.4.3.2 Functional analyses for validating computationally predicted elements

Functional analyses validate computationally predicted TFBS and reveal whether a given
binding site has the effect of activating or repressing transcription (Whitfield et al., 2012). The
reporter gene or construct, which is a gene or construct attached to a regulatory sequence of
another gene to indicate gene expression, is used in most of these analyses. A review of
functional analyses approaches has been described by Loots (2008). These analyses include
using transient transgenic mice embryos injected with a reporter construct and then examined for
expression, and mutating candidate regulatory elements in engineered mice using either random

mutagenesis or targeted knockout (KO) mice to detect loss-of-function outcome.
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The NCLs are classified as lysosomal storage diseases. Many genes coding for lysosomal
proteins share a sequence motif in their promotor region that acts as a binding site for
transcription factor EB (TFEB, Sardiello et al., 2009). TFEB has been proposed to be a master
regulator of these lysosomal genes and this gene network has been named CLEAR (Coordinated
Lysosomal Expression and Regulation). The CLEAR gene network is proposed to regulate
lysosomal biogenesis and function (Palmieri et al., 2011). There is a possible association
between the CLEAR network and mechanisms causing lyosomal dysfunctions in lysosomal
storage diseases (Settembre et al., 2013) and members of the CLEAR network represent potential
therapeutic targets for lysosomal storage diseases (Palmieri et al., 2011). Several NCL genes (i.e.
PPT1 (CLN1), TPP1 (CLN2), CLCN7, SGSH and CLN3) have been proposed to be members of
the CLEAR network based on the fact that they share the common TFEB binding site (Palmieri
etal., 2011). The CLNG6 gene is not known to be a member of this gene network.

Computational programs like rVISTA (Loots et al., 2002) and Consite (Sandelin et al., 2004) can
be used to identify the presence of known transcription factor binding sites (e.g. the motif shared
by the genes in the CLEAR network) in the promoter region of CLN6. Mutations affecting these

binding sites are likely to affect the regulation of CLN6 and could be disease causing.

Another more recently developed method to identify how transcription factors and other
chromatin-associated proteins influence phenotype-affecting mechanisms is ChlIP-sequencing,
also known as ChlIP-seq (Johnson et al., 2007). This is a method that uses chromatin
immunoprecipitation (ChlP) and massively parallel DNA sequencing to identify the binding sites
of DNA-associated proteins. It can be used to map global binding sites precisely for any protein
of interest and could be used to identify if TFEB and MITF would play a role in CLNG6 regulation
(Palmieri et al., 2011).
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1.4.4 Post-transcriptional regulation

1.4.4.1 Nonsense-mediated mMRNA decay (NMD)

The nonsense-mediated mMRNA decay (NMD) surveillance pathway occurs post-translationally
and functions in reducing errors in gene expression by eliminating aberrant mRNAs that encode
incomplete polypeptides (Baker and Parker, 2004). These mRNAs are transcribed from alleles
carrying nonsense mutations which contain premature translation-termination codons (PTCs)
(Brogna and Wen, 2009). Considering that sequencing of the ovine CLN6 coding sequence did
not report of such mutations, this process is not likely to be of concern in relation to NCL in SH

sheep.
1.4.4.2 Alternative splicing

In some genes, a process called alternative splicing occurs where a single gene is transcribed
differently to yield different functional messenger RNAs in different tissues (Latchman, 2005).
In many cases these RNAs are translated to yield different protein products. Alternative splicing
has been shown to occur in the ovine CLN6 gene with transcripts lacking exon 5 generating a
shorter product than that of the gene with retained exon 5; however this occurrence was not
associated with the disease (Tammen et al., 2006). The same study revealed no other splicing
variants; however, the existence of other spicing variants was not excluded. Evidence of
alternative splicing affecting exon 1 in one of the haplotypes encoding human CLNG6, was
proposed however the case was not further investigated (Dr. S. Mole pers. comm.). Cases of
alternative splicing have also been reported in human CLN2 (Kohan et al., 2013) and ovine
CLN3 (Oswald et al., 1999).

65



1.5 Sheep genetic resources

Any research that aims to identify the disease casing mutation for NCL in South Hampshire
sheep would be greatly facilitated by access to genetic tools and especially a well annotated and
complete ovine reference genome. Development of genetic resources for sheep in general, and
especially efforts in relation to an ovine genome assembly have been lacking behind efforts in
other animal species that are of interest as companion animals or livestock (Archibald et al.,
2010).

At the beginning of this research in 2006 only limited ovine genetic resources were available
(Table 1.5). The existence of the ovine linkage maps had allowed the mapping of NCL in South
Hampshire sheep to OAR7 (Broom et al., 1998). Comparative genetics information (e.g. based
on conserved synteny between cattle and sheep, sequence homologies between cattle and sheep
genes, fluorescence in situ hybridization FISH (Langer-Safer et al., 1982) and Oxford Grids
http://oxgrid.angis.org.au/ facilitated early research in sheep genetics in general and in relation to
NCL research (Broom et al., 1998; Tammen et al., 2001).

As the research described here progressed, additional resources were developed that were largely
driven by the International Sheep Genomics Consortium (ISGC; http://www.sheephapmap.org/).
In particular, the continuous advancement of the ovine reference genome (Archibald et al., 2010)
(Figure 1.1, Table 1.6) proved to be very beneficial. The construction of the sheep reference
genome by ISGC and its collaborators has been developed with sequence data generated using
both Sanger and next generation sequencing (NGS) platforms. The reference genome is based on
sheep specific sequence contigs built on the same structures used by the humans and cattle

genome framework. A flowchart for the sheep genome assembly is shown in Figure 1.1.
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Table 1.5: Genetic and genomic resources for sheep (modified from Archibald et al., 2010).

Resource Year Description Reference
1995, Development of various sheep linkage maps Tabet-Aoul et al., 2000;
1998, Maddox et al., 2001;
2000, de Gortari et al., 1998;
2001 Crawford et al., 1995
http://rubens.its.unimelb.edu.au/~
Linkage jillm/jill.htm).
Map Cockett, 2003
1998 CHORI-243 Ovine BAC library. End sequencing of
CHORI-243 the library formed the basis of the virtual sheep
BAC library genome. Osoegawa et al., 1998.
Ovine BAC 1999 A §heep BAC library of over three genome
library equivalents Vaiman et al., 1999
INRA 1200- | 2007 RH panel used for the assignment of sequence-tagged
rad RH sites.
Panel Laurent et al., 2007
2009 Illumina Infinium-based platform for genotyping http://www.illumina.com/product
50, 000 SNPs distributed across the sheep genome s/ovinesnp50_dna_analysis_Kit.il
Ovine mn
SNP50
BeadChip

Flowchart for sheep genome assembly

3X Roche 454 sequence from
Six females of different breeds

~75X lllumina GA sequence from the Texel ewe

Re-ordered into ovine chromosomes | |
using BACs Oarv1.0

- ¥
align to bovine genome and
assemble info contigs

generate contigsl'by SOAPdenovo |

link contigs i}lr'ItO scaffolds |
[ filgaps using ~75X Texel .lfwe and ~45X Texel ram reads | ——
‘ fill gaps using above readslplus ~21X GC unbiased Texel
ram and ~1X MeDIP Texel ewe reads — updated software

[ remove ~10k artificial tandem duplications |

| convert SNPs to Texel sequence |

order and orientate scaffolds and anchor onto

order and

orientate
scaffolds and
anchor onto

chromosomes
using BACs
and SNP maps
Oarv2.0

chremesomes using long insert mate pair lllumina

Submit to NCBI

(ewe) and 454 (ram) libraries, BACs and SNP maps Qarv3A
Oar v3.0
Figure 1.1: Flowchart for progress of the sheep genome assembly taken from

http://www.livestockgenomics.csiro.au/sheep/oar3.1.php.
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Table 1.6. Timeline for progress of the sheep genome assembly.

Sheep Description Released | Reference

genome year

version

Virtual | Comparative analysis of BAC 2007 Dalrymple et al., 2007;

sheep end sequences to generate a http://www.livestockgenomics.csiro.au/vsheep/

genome | virtual genome assembly

Oar First sheep genome assembly 2009 Archibald et al. (2010) Animal Genetics 41: 449. 453;

v1.0 based on ovine contigs built onto http://www.livestockgenomics.csiro.au/sheep/oarl.0.p
the bovine sequence framework hp

Oar Working draft release that 2011 Avrchibald et al. (2010) Animal Genetics 41: 449 . 453,;

v2.0 contains both known and http://www.livestockgenomics.csiro.au/sheep/oar2.0.p
unknown errors and hp
discrepancies

Oar Improved version of the Oar v2.0 | 2011 Archibald et al. (2010) Animal Genetics 41: 449 .453;

v3.0 and Oar v3.0 formed the basis of http://www.livestockgenomics.csiro.au/sheep/oar3.0.p
ISGC publications on the sheep hp
genome

Oar Sheep reference genome 2012 Avrchibald et al. (2010) Animal Genetics 41: 449 . 453;

v3.1 Jiang et al., 2014

http://www.livestockgenomics.csiro.au/sheep/oar3.1.p
hp
Oar Expected to be released mid to 2014
v4.0 late 2014
1.6 Sequencing

Sequencing is the process used to determine the order of DNA nucleotides within a DNA
molecule. Traditional Sanger sequencing historically was the most commonly used method for
DNA sequencing, but more recently, a second generation of sequencing technologies, also
known as next generation sequencing (NGS) has been developed that allows high throughput
sequencing and massively parallel analysis. This technology has revolutionised sequencing. The
Sanger and NGS technologies vary in many aspects including sequencing mechanism, read
length (the actual number of continuous sequenced bases) and application. The analysis of the

huge data sets obtained from the NGS platforms also brings unique challenges.

1.6.1 Sanger sequencing

The Sanger method of sequencing is based on the chain-terminating method (Sanger and
Coulson, 1975, 1977). This method is based on the DNA polymerase-dependent synthesis of a

complementary DNA strand in the presence of natural 2”-deoxynucleotides (ANTPs) and 23’ -
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dideoxynucleotides (ddNTPs) that serve as non-reversible synthesis terminators (Sanger et al.,
1977). Following the sequencing reaction, the products are separated by size using
polyacrylamide gel electrophoresis and visualised via radioactive or fluorescence labels or silver
staining. Over time, various improvements have been made in Sanger sequencing which
contributed to the current modern Sanger sequencers which are faster and more accurate than
their predecessors (Morozova and Marra, 2008; Carrilho, 2000). Modern Sanger sequencers are
known for their low error rate and long read length of up to approximately 1,000 bp (Morozova
and Marra, 2008; Zhang et al., 2011). Sanger sequencing was the main method for completion of
the human genome project in 2001 (Collins et al., 2003) and due to the above mentioned
improvements has generated an exponential increase of sequence information deposited into
Genbank, a database containing an annotated collection of publicly available DNA sequences
(Benson et al., 2005).

1.6.2 Next generation sequencing (NGS)

NGS has been reviewed in an abundance of papers (Chan, 2005; Mardis, 2008, 2013; Morozova
and Marra, 2008; Liu et al., 2012). These papers have described the three main platforms for
NGS which were available during the time of this project: Roche 454 GS FLX, Illumina/Solexa
genome analyzer and Applied Biosystems (ABI) SOLID system. All of these systems are rapidly
evolving and have seen improvements in regards of key characters over the last decade. Apart
from standard sequencing applications such as genome sequencing and resequencing, these
technologies have also been applied in a variety of contexts including transcriptome analysis,
discovery of non-coding RNAs and providing insights into transcription factor binding sites
(Mardis, 2008). Generally, the read length for NGS is much shorter than that attained by Sanger
sequencing (Zhang et al., 2011). Due to their relatively short reads, sufficient coverage (number
of short reads that overlap each other within a specific genome) is very important for accurate
assembly (Zhang et al., 2011).

The following review discusses three commercial NGS technologies available for the present

study, with a summary of key features in comparison to Sanger sequencing presented in Table
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1.7.
2016.

It has been announced that the Roche 454 sequencing platform will be discontinued in

Table 1.7: Summary of key features of Sanger sequencing and three commonly used NGS sequencing
platforms. Information is adapted from a review paper by Morozova and Marra, 2008; Liu et al., 2012 and Frey et

al., 2014.

Sequencer 454 GS FLX lllumina/Solexa SOLiDv4 Sanger 3730xI
Sequencing by
synthesis with
Sequencing reversible Sequencing by Dideoxy chain
mechanism Pyrosequencing terminators ligation termination
Average read 2X 100 bp reads
length (bp) Up to 1, 000 bp (PE)* 35-50 900
Applied
biosystems
Roche applied Applied biosystems | (http://www.lifet
science (http://www.lifetech | echnologies.com
Company (https://lifescience Ilumina nologies.com/au/en/ | /au/en/home/bran
name and .roche.com/shop/h | (http://www.illumin | home/brands/applie ds/applied-
website ome) a.com) d-biosystems.html) | biosystems.html)
Capable of
determining
homopolymer
length (compared to Accuracy in
the 454 platform), determining bases,
Read length, fast cheaper than other widely used for
compared to NGS platforms at detecting genetic High quality,
Advantage Sanger $1,000 per genome variation long read length
Prone to Short read length,
homopolymer more challenging Short read length,
length for assembly due to more challenging
inaccuracies, the short read for assembly due to High cost, low
Disadvantage | relative high cost length the short read length throughput
Resequencing No Yes Yes No
De novo Yes Yes Yes No
High GC
sample Yes Yes Yes Yes
No (short reads
Large make assembly very No (too
genome Yes Yes difficult) expensive)
Mutation
detection Yes Yes Yes Yes

*PE: pair-end reads




1.6.2.1 454 GS FLX sequencer

The 454 GS FLX sequencer, which uses pyrosequencing technology, was the first commercial
NGS sequencer introduced into the market (2004) (Mardis, 2008). Its pyrosequencing
technology relies upon enzyme cascades and CCD luminescence detection capabilities; where
each nucleotide incorporated by the DNA polymerase results in the release of inorganic
pyrophosphate that emits luminescence light (Ronaghi et al., 1998). Throughout the various
sequencer releases, initial read lengths of 100 bp increased to 600 bp (Zhang et al., 2011) and
have thus approached the lower end of read lengths obtained from traditional Sanger sequencing.
The 454 reads are of sufficient length for de novo genome assembly (Mardis, 2008). This
technology allows for hundreds of thousands of pyrosequencing reactions to be carried out in
parallel, thus massively increasing sequencing throughput (Margulies et al., 2005). The 454
sequencing efficacy has been demonstrated by resequencing of the human genome at a fraction
of the cost and time (Wheeler et al., 2008), compared to the initial sequencing using the Sanger
method (Lander et al., 2001; Venter et al., 2001). However, since the luminescence intensity
relies on the number of bases incorporated this technology is prone to errors resulting from
incorrect estimation of length for stretches of sequence with an identical base (homopolymer)
(Huse et al., 2007; Balzer et al., 2011; Gilles et al., 2011). Determining precise homopolymer
length is particularly vital for detection of insertion-deletions (indels). Cost-wise, the 454

platform is more expensive compared to the Illumina and SOLID systems.

1.6.2.2 lllumina/ Solexa genome analyser

The Illumina genome analyser was the second platform to reach the market (2006) and is
currently the most widely used system (Zhang et al., 2011). The Illumina platform utilises a
sequencing by synthesis approach in which all four nucleotides are added simultaneously into
oligo-primed cluster fragments in flow-cell channels along with the DNA polymerase (Mardis,
2008). At present, the analyser is capable of producing single reads of 2X 100 bp (pair-end

reads) (Zhang et al., 2011). The Illumina approach enables sequencing in a massively parallel
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method and has been found to be more effective at sequencing homopolymer stretches than the
454 platform (Morozova and Marra, 2008). The disadvantage of this technology is the shorter
length of sequence reads, which results in difficulties in resolving short sequence repeats and

creates challenges for de novo genome assembly (Mardis, 2013).

1.6.2.3 ABI SOL.ID system

The ABI SOLID system uses a unique sequencing by ligation approach in which it uses an
emulsion PCR with small magnetic beads to amplify the DNA fragments for parallel sequencing
(Zhang et al., 2011). The platform uses a two-base encoding scheme which enables the
distinction between a sequencing error and a sequence polymorphism (Morozova and Marra,
2008). In this scheme, an error will be detected in only one particular ligation reaction, whereas a
polymorphism would be detected in both. The SOLID platform has the highest accuracy
especially when the coverage is more than 30X (Liu et al., 2012). The high accuracy makes it
widely used in detecting genetic variations such as indels and copy number variation (CNV) (Liu
etal., 2012). A read length of only 50 bp makes it the NGS platform with the shortest read length
(Zhang et al.,, 2011). Like the IHllumina platform, the short sequence reads make the

determination of short sequence repeats and genome assembly difficult.
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CHAPTER 2: GENERAL MATERIALS AND
METHODS

2.1 Research sheep

2.1.1 South Hampshire and Coopworth sheep

The New Zealand South Hampshire (SH) and Coopworth (CPW) sheep used in studies described
in consequent chapters were part of the unique South Hampshire CLN6 variant research flock
currently maintained by Prof. David Palmer at Lincoln University, Christchurch, New Zealand.
The flock is maintained under standard New Zealand pastoral conditions on a 250 hectare
research farm at Lincoln University with management and husbandry performed according to
NIH guidelines and the New Zealand Animal Welfare Act (1999).

NCL in South Hampshire sheep was first described by Jolly and West (1976) in two affected
rams. An experimental flock was established (Jolly et al., 1980) and maintained by crossing
homozygous affected rams with heterozygous carrier ewes resulting in 50% affected and 50%
carrier offspring each year. The flock has undergone two outbreeding programs in the past 30
years with the introduction of heterozygous ewes attained from crosses between normal Friesian/
Finn and Coopworth ewes and affected South Hampshire rams to increase fecundity, and
improve the health and reproductive performance of the sheep flock. The first outcross occurred
early in the establishment of the research flock and included the introduction of Friesian and
Finn crossbred ewes, whereas the second outcross occurred in 2001 and included Coopworth

crossbred ewes (N. Mitchell, pers. comm.).

The sheep from the New Zealand CLNG6 variant research flock will be described in the following
as South Hampshire despite these previous outbreeding programs. As no normal SH sheep are
born in the research flock, CPW sheep maintained at the research farm at Lincoln University

Lincoln University under the same conditions are used as normal controls.
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The SH and CPW sheep are characterised as either ‘normal’, ‘carrier’ or ‘affected’ for NCL by
using a combination of pedigree information, observation of emerging clinical signs and an
indirect DNA test (Tammen et al., 2006). Affected NCL sheep were observed for clinical signs at
approximately 10 to fourteen months of age, which is the stage when animals tend to develop
blindness and neurological signs (Jolly et al,, 1980). Histopathology analysis of needle brain
biopsy samples from lambs at 2 to 3 months of age was used for diagnosis (Dickson et al., 1989)

prior to development of the DNA test.

The indirect DNA test used to detect NCL was based on a silent mutation (c.822G>A) identified
in exon 7 of the CLN6 gene coding sequence (Tammen et al., 2006) where the ‘A’ allele is
closely linked to the disease mutation with LOD score of 13.3 (6=0.01) (Tammen et al., 2006).
The control sheep is considered to be unaffected or normal based on a lack of clinical phenotype

and histopathology results, if available (Tammen et al., 2006).

A total of 14 South Hampshire and 3 Coopworth sheep were selected for this study with the
DNA samples provided by Prof. David Palmer from Lincoln University, Christchurch, New

Zealand.

2.1.2 Merino sheep

Two Merino sheep were selected for this study from the NCL research flock at Camden Campus
at the University of Sydney, Australia. These animals were maintained under standard Australian
pastoral conditions. The flock was established in 1998, initially using advanced reproductive
technologies (Multiple Ovulation and Embryo Transfer - MOET, Artificial Insemination - Al
and/or estrus synchronisation (Cook et al., 2002). In more recent years the flock has been
maintained largely by using natural mating between carrier animals. Concerns about high levels
of inbreeding resulted in outcrossing of carrier rams to unrelated Merino ewes obtained from the
University of Sydney farms in the year 2008. Procedures performed on the sheep throughout the

research project were approved by the University of Sydney Animal Ethics Committee (AEC)

74



and are in accordance with NIH guidelines, the NSW Animal Research Act (1985) and the
Australia Code of Practice for the Care and Use of Animals for Scientific Purposes 7" Edition
(NHMRC 2004).

The Merino sheep are characterised as either ‘normal’, “carrier’ or ‘affected’ for NCL within the
first two months of birth using a direct DNA test (Tammen et al., 2006). The test was developed
based on the finding of the disease causing mutation (c.184C>T) in exon 2 of CLNG6, which
results in a major amino acid exchange (p.Arg62Cys). The DNA test comprised of blood
collection, DNA extraction, PCR amplification, enzyme cleavage of amplicons and agarose gel
separation to visualise PCR products. As well as the DNA test, the demeanor and clinical signs

of sheep were closely observed throughout their lifetime.

Although research efforts were mainly focused on the SH breed of sheep, the Merino sheep flock
was also involved, particularly for use as control animals when comparing sequence and
genomic information (Chapter 7). The routine husbandry procedures performed on the Merino
sheep, which were assisted by the author, included ear tagging newborns for identification,
vaccination, bleeding and tail docking within the first month. Blood for DNA testing was
collected into 15 mg ethylenediaminetetraacetic acid (EDTA) treated vacutainer tubes (Becton
Dickinson, USA) via jugular venipuncture and samples were kept frozen until processed.
Animals were weaned at 2 to 3 months of age and subsequently separated according to sex. At 6
to 8 months of age those lambs that were identified as ‘affected’ based on the direct DNA test
were separated from the flock and housed in small groups in outdoor or indoor pens to best allow

daily observation for behavioural changes and signs of disease progression.

Animals were euthanised at a range of ages (e.g. 3, 6 or 8 months), chosen to reflect the progress
of the disease (Cook et al., 2002) using intravenous injection of an overdose of Lethabarb
(Sodium penthobarbitone) (60 mg/kg). During post-mortem, weights of brain, liver and kidney
were recorded and tissue samples from various organs were collected, preserved or frozen, and

stored for future analysis.
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2.2 DNA extraction

2.2.1. DNA extraction from blood

The South Hampshire sheep genomic DNA (gDNA) samples were extracted by Nadia Mitchell
of Lincoln University from pelleted sheep blood leucocytes using the Qiagen QlAamp DNA
mini kit (Qiagen, Hilden, Germany). DNA was quantitated using the NanoDropTM ND-1000
spectrophotometer (NanoDrop Technologies Inc, Thermo Scientific, USA) and dried by freezing
in a high vacuum (lyophilised) into a DNA pellet before transport to the University of Sydney.
Each DNA pellet was resuspended in TE (Tris-EDTA, pH 8.0, Amresco, Ohio, USA) to a

required concentration prior to use.

The Merino sheep gDNA was extracted from EDTA treated vacutainer tubes using either one of
the following three kits; the QIAamp DNA blood mini extraction kit (Qiagen, Hilden, Germany),
QlAamp 96 DNA Blood kit or the DNeasy Blood & Tissue Kit (Qiagen, Hilden, Germany).
These kits share a similar principle of lyse-bind-wash-elute spin techniques. The starting amount
for all samples was 100 to 200 pl of fresh or defrosted blood with final elution of DNA in similar
volume in Qiagen supplied Buffer AE (10 mM Tris-Cl; 0.5 mM EDTA; pH 9.0). DNA extraction
with the Qiagen kits was performed according to the respective Qiagen handbooks. Centrifuging
of samples was conducted using the tabletop laboratory centrifuge (4K15 model, Sigma, Harz,
Germany) and microcentrifuge (5415D model, Eppendorf AG, Hamburg, Germany).

2.2.2 DNA extraction from tissue

During sheep necropsy, part of the liver and kidney were excised with a size 22 scalpel blade
(Swann-Morton, Sheffield, England) in small pieces and stored immediately at -80°C. The liver
sample was then defrosted and DNA extracted using the DNeasy Blood and Tissue Kit (Qiagen,
Hilden, Germany) according to the Qiagen Handbook. The kit uses similar principles to DNA

extraction from blood, which is lyse-bind-wash-elute spin technique. The starting amount for all
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samples was approximately 25 mg in wet weight for liver and kidney with a final elution of
DNA in 200 pl of Qiagen supplied Buffer AE (10 mM TrisCl; 0.5 mM EDTA; pH 9.0).

2.3 Bacterial Artificial Chromosome (BAC)

Three sheep BAC clones (35B7, 35C9 and 270H8) were kindly provided by Dr. Daniel Vaiman
(INRA, Jouy-en-Josas, France) after PCR screening of an ovine BAC library (Vaiman et al.,
1999) with CLNG6 specific primers (Table 2.1).

Table 2.1: Screening of ovine BAC clones 35B7, 35C9 and 270H8 using CLNG6 specific primers

Primer Direction Sequence 5'>3"

E3F1 Forward ATCGCCGTGGCTGAGA
E4F1 Forward ATACAGGTTTCGGGGAGCC
E6F1 Forward CGAGTGGGCGAGGAAAC
E4R2 Reverse GAGCGCAGCAGATCCCA

2.3.1 DNA extraction from cultured BAC clones

Culture and purification of ovine BAC clones were performed using the QIAGEN Large-
Construct kit protocol with a minor modification where the QIAGEN-tip was washed with 30 ml
Buffer QC repeated 3 times instead of twice as outlined in the protocol, for complete removal of
remaining RNA and protein contaminants. The purification technique with this kit involved an
ATP-dependent exonuclease digestion step for efficient removal of genomic DNA contamination

to yield ultrapure, genomic DNA-free BAC DNA. The summarised protocol is described below.

Single colonies were obtained by streaking BAC cultures onto LB agar plates containing 12.5
pg/ml Chloramphenicol (Sigma-Aldrich). Following overnight incubation atC37 single
colony was selected and inoculated in a starter culture of 5 ml LB medium containing
Chloramphenicol at 25 mg/ml and incubated for 8 hours at°87in a shaking incubator (300
rpm). 200 pl of the starter culture was diluted into 200 ml selective LB Medium (1/1000

dilution) and further grown in a shaking incubator (300 rpm) at 37C for 16 hours. Two ml
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aliquots were transferred into NUNC cryovials (Nalgene, NY, USA) containing 2 ml of BAC
storage solution (65 %glycerol, 0.25 M Tris-HCI 8.0 pH and 0.1 M MgSO4 heptahydrate) and
stored at - 80°C.

The remaining culture was placed in a 500 ml size centrifuge tube and centrifuged at 6000 rpm at
4°C for 15min before removing the supernatant to leave a bacterial pellet at the bottom of the
tube. This pellet was resuspended in 20 ml of Buffer P1 (containing RNase A solution) and
transferred to a clean 60 ml tube before 20 ml of buffer P2 was added and the contents
thoroughly mixed. The lysate was incubated at room temperature (RT) for 5 min before 20 ml of
chilled buffer P3 was added and the contents immediately and gently mixed by inverting 4 to 6
times. This was followed by incubation on ice for 10 min to produce a fluffy white precipitate

containing the genomic DNA, proteins, cell debris and potassium dodecyl sulphate.

The lysate was centrifuged at 16,000 rpm at 4°C for 30 min before the supernatant was discarded
and the lysate transferred through a folded filter paper pre-wetted with distilled water. The DNA
was precipitated by adding 36 ml isopropanol at RT. The mixture was centrifuged immediately
at 14,000 rpm at 4C for 30 min. The DNA pellet was washed with 5 ml of 70% ethanol (RT)

then centrifuged at 14,000 rpm for 15 min and the supernatant discarded.

The tube containing the DNA pellet was placed upside down on a paper towel and the DNA
allowed air-drying for 2 - 3 minutes. Any visible liquid around the tube opening was carefully
removed and the DNA dissolved in 9.5 ml Buffer EX with gentle shaking. 200 ul of ATP-
Dependent Exonuclease (completely dissolved in Exonuclease Solvent) and 300 ul of ATP
solution were added to the dissolved DNA, gently mixed and incubated in a water bath at 37°C
for 60 min. In this stage, the genomic DNA and nicked DNA were digested by the exonuclease,

leaving the remaining supercoiled DNA for further purification.

During the 60 min incubation, a Qiagen-tip 500 column was equilibrated with 10 ml QBT Buffer
and the column allowed emptying by gravity. 10 ml Buffer QS was added to the incubated DNA
sample and the whole sample was applied to the column and allowed to enter the resin by gravity

flow. The column was washed with 30 ml QC Buffer 3 times for complete removal of RNA and
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protein contaminants and the DNA was eluted with 15 ml QF Buffer pre-warmed to 65C. The
eluted DNA was precipitated with 10.5ml isopropanol at RT, then mixed and centrifuged
immediately at 15,000 rpm at 4C for 30 min, with the tubes pre-marked to indicate where the
glassy pellet would accumulate. The supernatant was carefully decanted to prevent removal of
the loosely attached pellet. This pellet was washed with 5 ml 70% ethanol at RT and centrifuged
at 15,000 rpm at RT for 15 min. The pellet was air-dried for 10min then dissolved overnight in
250 pl TE (pH8.0, 10mM Tris-HCI).

2.4 Quantitation and quality assessment of DNA templates

DNA concentration of purified genomic and BAC DNA was determined using either one of the
following methods; FLUOstar OPTIMA® spectrophotometer analysis (BMG Labtech, Japan),
Quant-iT PicoGreen dsDNA fluorescence absorbance measurement, NanoDrop ND-1000
microvolume spectrophotometry (NanoDrop Technologies Inc, Thermo Scientific, USA) or the
Agilent 2100 Bioanalyzer (Agilent Technologies, USA) according to their respective handbooks
and protocols. The FLUOstar and PicoGreen methods were used for quantitation of gDNA
(Chapter 4), whereas the ND-1000 and Agilent 2100 were used for quantitating gDNA and PCR
products (Chapters 6 and 7). Quantitation enabled the use of appropriate quantities of DNA in
PCR and sequencing.

2.5 Polymerase chain reaction (PCR)

2.5.1PCR

Polymerase Chain Reaction (PCR) was used extensively for NCL genotyping of Merino, South
Hampshire and Coopworth sheep and the preparation for different types of sequencing templates
for Sanger sequencing (Chapters 4 and 8) as well as next generation sequencing (Chapters 5, 6
and 7). For each application, detailed PCR protocols and conditions are described in the

materials and methods section of each specific chapter.
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The HotStarTaqg DNA Polymerase kit (Qiagen, Hilden, Germany) and dNTPs (Astral Scientific
Pty Ltd, Australia) were used for conventional PCR, whereas the KOD Hot Start DNA
Polymerase kit (Merck Biosciences Limited, Australia) was used to amplify long-range PCR
products (Chapter 7). For G-C rich templates, additives such as Dimethyl sulfoxide (DMSO)
(Amresco Inc, USA) at 5-10% concentration was added to reduce and/or inhibit DNA secondary

structures.

PCR mixtures were prepared in 0.2 ml strip tubes (Eppendorf AG, Hamburg, Germany) and 96-
well plates (Eppendorf AG, Hamburg, Germany). Two 96-well CG1-96 Thermocyclers (Corbett
Research, Sydney, Australia) equipped with built in heated lids to prevent evaporation of the
PCR reaction were used for all the PCR reactions. Details of the PCR cycles are presented in

specific chapters.

2.5.2 Primers

Primers were designed using online softwares such as Primaclade

http://www.umsl.edu/services/kellogg/primaclade.html, NetPrimer

http://www.premierbiosoft.com/netprimer/index.html, and Primer3 (Koressaar and Remm, 2007;

Untergasser et al., 2012). Both Primaclade and NetPrimer are free web based applications.
Primer3 was a program available on the Australian National Genomics Information Service

(ANGIS) website which has now been discontinued.

Primaclade was used for choosing primers in conserved non-coding sequences across multiple
species (Chapter 3) whereas Primer3 selected primers from the user’s single nucleotide sequence
input (Koressaar and Remm, 2007; Untergasser et al., 2012). Primers designed using Primaclade
and Primer3 were further analysed with NetPrimer for the presence of secondary structures such
as hairpins and cross-dimers in primer pairs. In most occurrences, only primers with zero or

minimal secondary structures were ordered for synthesis.
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The majority of primers were ordered from either Sigma (Sigma-Aldrich Corporation, Australia)
or Invitrogen (Life Technologies, Australia) and synthesised at 0.05 pmol synthesis scale and
purified by the desalting method. These primers were used for sequencing with the Sanger
method performed in house or outsourced to other sequencing service providers (to be further
described in Chapter 2.7). Other types of oligonucleotides used were the 5’ amine-modified
custom oligonucleotides and non-modified barcodes which were ordered from Invitrogen (Life
Technologies, Australia) (Chapter 6). These primers were synthesized at 1 pmol synthesis scale

and purified by High Performance Liquid Chromatography-HPLC method.

Primers designed for each step of the study are listed in the specific material and method

sections.

2.6 Agarose gel electrophoresis to visualise DNA bands

Agarose gel electrophoresis was used to separate and visualise DNA and PCR products of
various sizes. The appropriate percentage of agarose gel to use was determined based on the size
of DNA to be separated. Higher agarose concentration facilitates separation of small DNA/ PCR
products while low agarose concentrations allow resolution of larger DNA/ PCR products.

Agarose concentrations of 1 % to 2.5 % were used in this research.

The gels were prepared using Agarose | gelling agarose powder (Amresco, Ohio, USA) mixed
with 1XTris-borate-EDTA (TBE) (Amresco, Ohio, USA) buffer heated in a microwave oven
until completely dissolved. The mixture was cooled to about 60°C, and in a fume hood, ethidium
bromide (10 mg/ml stock concentration, Amresco, Ohio, USA) was added to a final
concentration of 0.5 ug/ml. The mixture was poured into a casting tray containing a sample
comb/s (each comb with between 10 to 30 wells for sample loading) and after the gel had

solidified it was moved out of the fume hood.

The casting tray was inserted into an electrophoresis chamber and covered with 1X TBE buffer.

After removal of the comb, 5 pl of each sample was mixed with 1 pl of agarose gel loading
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buffer (15 % Ficoll PM 400 (Sigma-Aldrich, USA) and 0.25 % bromophenol blue) and loaded
into wells. Various molecular size markers were used to enable estimation of size and

concentration of DNA or PCR products.

The gel in the electrophoresis chamber was applied with electric currents of various voltages and
times and the negatively charged DNA samples migrated towards the positive electrode of the
chamber. Samples could be visualised as the ethidium bromide within the gel would intercalate
with the DNA during electrophoresis and DNA could thus be observed using a BioRad
ultraviolet transiluminator (76 S Geldoc, Bio-Rad Lab Pty Ltd, California, USA) and
documented with the GelDoc XR Quantity One analysis software (Bio-Rad Lab Pty Ltd,
California, USA).

2.6.1 Gel extraction from agarose gels

In some instances where spurious or non specific bands were present on the agarose gel, the
band/s of interest was excised using sterile size 22 scalpel blades (Swann-Morton, Sheffield,
England) or the GeneCatcher PK B4.0 cutting tips (GeneCatcher, CA, USA) fitted into a
standard 1000 pl pipette (Gilson Pipetman, USA). The removed gel was purified using Qiagen
QIAquick gel extraction kit (Qiagen, Hilden, Germany) using the spin technique following the
manufacturer’s protocol. Purified DNA was eluted in 30 pl of Qiagen supplied buffer EB (10mM

Tris-Cl,pH 8.5) and analysed on an agarose gel to examine the quality and presence of the DNA.

2.7 Sequencing

2.7.1 Sanger sequencing of PCR products

Early sequencing work, taking place in the years 2007 to 2009, was mostly performed using the
Sanger method (Sanger and Coulson, 1975, 1977). The quantity of DNA template used in

sequencing reactions varied according to the expected length of the PCR products. For most of
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the sequencing conducted in-house, 50 ng (based on BigDye Terminator v3.1 Cycle Sequencing
Kit, Applied Biosystems, USA) of DNA template was required to sequence approximately 2,000
bp PCR products. The PCR products were purified from residual primers and nucleotides using
ExXoSAP-IT (USB, Ohio, USA) with a volume of 1 pl ExoSAP-IT per 5 pl PCR product,
following a modified manufacturer’s protocol of incubation at' 37 C for 60 min and 80 C at 15
min on the thermocycler. An extension of time during the first incubation step was needed due to
the reduced amount of EXoSAP enzyme (1 pl compared to manufacturer’s recommendation of 2
ul) added to the PCR products.

Purified PCR products were sequenced using the BigDye Terminator v 1.1/3.1 Sequencing Kit
(Applied Biosystems, USA) in a 20 ul sequencing reaction. The sequencing mix comprised of 1 -
5 ul of purified PCR template (corresponding to approximately 1 - 50 ng of DNA), 4 ul of the
2.5X Ready Reaction mix (containing premixed fluorescently labeled ddNTPS), 2 ul of the 5X
BigDye Sequencing Buffer, 4 pmol primer (forward or reverse) and molecular grade water to 20
pl of final solution. The mix was placed into a thermocycler under the following general
conditions: 96'C for 1 min; 25 cycles at 96°C for 10 sec, 50°C for 5 sec; and 60°C for 4 min.

2.7.2 Direct sequencing of BAC DNA

Direct sequencing of BAC DNA was attempted with primers that failed to amplify a single band
PCR product. Purified DNA of BAC clones was sequenced using BigDye Terminator v 1.1/3.1
Sequencing Kit (Applied Biosystems, USA) in 20 ul sequencing reaction.

The sequencing mix comprised of 1 - 5 ul of purified DNA template (corresponding to
approximately 0.5 — 1.0 pg of DNA), 4 pl of the 2.5X Ready Reaction mix (containing premixed
fluorescently labeled ddNTPS), 2 ul of the 5X BigDye Sequencing Buffer, 4 pmol primer
(forward or reverse) and molecular grade water to 20 pl of final solution. The mix was placed
into a thermocycler with the following conditions: 95C for 5 min; 30 cycles at 95°C for 30 sec,
50 - 55°C for 10 sec; and 60°C for 4 min.
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Extension products were purified using the Ethanol/EDT A/Sodium Acetate Precipitation method
as described in the BigDye Terminator v 1.1/3.1 Sequencing Kit user manual (Applied
Biosystems, USA) to remove excess terminators and salts that might have interfered with

capillary electrophopresis.

Purified products were analysed and visualised using the ABI 3130 Genetic Analyzer (Applied
Biosystems, USA) when performed in-house or ABI 3730 (Applied Biosystems, USA) when
outsourced to Sydney University Prince Alfred Molecular Analysis Centre (SUPAMAC, Sydney,
Australia), Australian Genome Research Facility (AGRF, Melbourne, Australia) or Westmead
Millennium Institute (Sydney, Australia). Preparation of samples for both in-house and outsource

sequencing is described in the relevant sections of each chapter.

2.7.3 Next generation sequencing (NGS) methods

Other than the conventional Sanger sequencing, two NGS methods; Roche 454 Pyrosequencing
and ABI SOLID sequencing platforms were also used to provide sequences for the genome
regions of interest. Principles and detailed information on these methods are described in
Chapters 5,6 and 7.

2.8 Bioinformatic analysis

Published and known genomic sequences from sheep and various species were obtained from
publicly available genome databases such as Genbank (http://www.ncbi.nlm.nih.gov/genbank/)
and Ensembl (http://www.ensembl.org/index.html). Sequence multiple alignment was performed
using either one or all of the following programs: VISTA (Mayor et al., 2000), GeneDoc
(Nicholas et al., 1997) and Clustal Omega (http://www.ebi.ac.uk/Tools/msa/clustalo/) (Goujon et
al., 2010; Sievers et al., 2011). Two genome browsers; The University of California Santa Cruz

(UCSC) and  password  protected  GBrowse  (http://crcidp.vetsci.usyd.edu.au/cgi-

bin/gb2/gbrowse/NCL/) were used for mapping and visualisation of sequence against the bovine

genome (Chapter 4) and ovine reference sequences (Chapters 5, 6, 7 and 8). The Basic local
alignment search tool (BLAST) (Altschul et al., 1990) and Basic local alignment tool (BLAT) on
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the National center for biotechnology information (NCBI) website
(http://www.ncbi.nlm.nih.gov/) were used extensively to search for user’s defined sequence/s in
the published Genbank genome databases. Other programs used included Gumby (Prabhakar et
al., 2006), which identifies statistically significant conservation sequences (Chapter 3), EXPASy
Translate tool (Gasteiger et al., 2003) that translates CLN6 transcript sequences to protein
sequences and GREMET (Athanasiadis et al., 2013) to predict effects on gene regulation.
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CHAPTER 3: IDENTIFICATION OF CONSERVED
NON - CODING SEQUENCES (CNCS) IN THE
CLN6 GENOMIC REGION

3.1 Introduction

Linkage analysis has mapped the NCL in the South Hampshire sheep to a region on ovine
chromosome 7 (OAR7) containing the CLN6 (Broom et al., 1998; Tammen et al., 2006). No
disease causing mutation was identified in the gene coding sequence, but mMRNA concentrations
are reduced in affected SH sheep (Tammen et al., 2006). The research hypothesis states that,
firstly, the NCL causative mutation is in the ovine CLN6 non-coding regions or sequence
flanking the gene and secondly, that such a mutation would have an effect on gene regulation.
This chapter outlines an in silico analysis approach to identify conserved non-coding sequences

(CNCS) as potential regions of interest for such mutations.

3.1.1 Identification of CNCS

3.1.1.1 Conserved non-coding sequences (CNCS)

Sequences that do not code for protein make up the majority of the mammalian genome (Smith
et al., 2004). The proportion of coding and non-coding DNA varies widely between organisms
and non-coding DNA makes up more than 98% of the human genome (Elgar and Vavouri,
2008). In the past, non-coding DNA was labelled ‘junk DNA’ or non-functional DNA sequences
that divide protein-coding exons (Ohno, 1972). However, recent studies, as will be shown in the
following paragraphs, have documented that non-coding DNA sequences represent an

extraordinary trove of information about biological processes.
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Non-coding DNA sequences have been shown to play important roles in the regulation of gene
expression. Regulatory elements in 5” and 3’ untranslated regions (UTR) have been identified as
protein binding sites that control regulation at translational level (Mignone et al., 2002), whereas
introns have been shown to contain independent transcriptional units that contribute to gene

regulation at the transcriptional level (Shabalina and Spiridonov, 2004).

Conserved non-coding sequences (CNCS) are regions of the genome that contain a high level of
non-coding sequence similarity when aligned between species (Hardison, 2000). It is predicted
that CNCS are preserved interspecies under functional and evolutionary constraints (Ludwig,
2002) that evolved naturally as a result of negative selection (Shabalina and Spiridonov, 2004)

because they represent sequences with biologically important elements (Frazer et al., 2004).

3.1.1.2 Cross-species comparative analysis of DNA sequences

Comparison of long genomic segments across multispecies has been found to be a powerful
approach for identifying functional segments of the non-coding regions, such as gene regulatory
elements (Hardison, 2000). When the current research project began there was only limited
available ovine genome sequence information for regions flanking the CLNG6. This was because
the sheep genome assembly Oar v1.0 released in 2009 that mapped ovine scaffolds onto the
bovine genome framework was far from complete and contained many sequence gaps or
unsequenced regions. Due to this limitation, orthologous counterparts from representative
members of rodent (mouse, rat), other mammal (human, cattle, macaque, dog, opossum), aves

(chicken), and fish (Fugu fish, pufferfish) lineages were aligned to detect CNCS.

The chromosomal location of the ovine CLN6 orthologs were chromosome (Chr) 15 in human,
Chr 7 in macaque, Chr 9 in mouse, Chr 10 in cattle, Chr 30 in dog, Chr 10 in chicken, Chr 1 in
opossum and Chr 8 in rat. The CLNG6 orthologue was not assigned to a chromosome in the Fugu
fish but sequence was provided in scaffold_1 of the sequence assembly. These nine species used

for alignment against the sheep sequence were chosen based on availability of sequence

87



information and their different positions on the phylogenetic tree compared to sheep. They were
aligned because sequences that remain highly conserved between divergent organisms are likely

to be functional (Elgari and Vavouri, 2008).

The phylogenetic tree (Figure 3.1) was generated with the NCBI taxonomy browser

(http://www.ncbi.nlm.nih.gov/Taxonomy/taxonomyhome.html/) using information from the

NCBI taxonomy database. The database does not follow a single taxonomic treatise but rather
incorporates phylogenetic and taxonomic knowledge from a variety of sources, including the
published literature, web-based databases, and the advice of sequence submitters to NCBI and

outside taxonomy experts (Sayers et al., 2009; Benson et al., 2008).

Euteleostomi
E-Amniota

- BTheria
- B-Monodelphis domestica (monodelphis domesticus)
~Eutheria

E-Canis lupus familiavis (canis familiaris)
@-Bovidae

| --Ovis aries

: E-Bos taurus

“Euarchontoglires

@-Murinae

. ERattus norvegicus

. BMus musculus
E-Catarrhini
"Hmrm sapiens
|| E-Macaca mulatta
&-Gallus gallus

B Takifugu rubripes

Figure 3.1 indicate positions of the 10 species (shown in underlined bold blue text) used for cross-species
genomic multialignment visualised using the NCBI taxonomy browser
(http://mwww.ncbi.nlm.nih.gov/Taxonomy/taxonomyhome.html/).
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3.2 Materials and methods

3.2.1 Cross-species sequence analysis

Complete or draft sequences for ten different species were obtained from the publicly available
genome databases Genbank  (http://www.ncbi.nm.nih.gov/genbank/) and  Ensembl

(http://www.ensembl.org/index.html). A summary of the sequence information obtained appears

below (Table 3.1). Eight sequences were downloaded from Ensembl (version 47, release date
October 2007); human ‘Homo sapiens (Ensembl Gene ID: ENSG00000128973), cattle ‘Bos
taurus (Ensembl Gene ID: ENSBTAGO00000005565), dog ‘Canis familiaris’ (Ensembl Gene
ID: ENSCAFGO00000017473), macaque ‘Macaca mulatta’ (Ensembl Gene ID:
ENSMMUGO00000011703), Fugu fish (pufferfish) ‘Takifugu rubripes’ (IMCB Gene ID:
NEWSINFRUGO00000122292), house mouse ‘Mus musculus’ (Ensembl Gene ID:
ENSMUSG00000032245), opossum “Monodelphis domestica’ (Ensembl Transcript ID:
ENSMODGO0000000942) and rat “‘Rattus norvegicus, (Ensembl Gene ID
‘ENSRNOG00000007164). Chicken genomic sequence was obtained from Genbank: ‘Gallus
gallus (GenBank: NW_060444), as was ovine ‘Ovis aries’ CLN6 mRNA sequence (GenBank:
DQ458790.1), which was supplemented with unpublished genomic sequence provided by Nadia
Mitchell, Lincoln University (Sequence of 12,601 kb is shown in Appendix 1).
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Table 3.1: Information of the 10 genomic sequences obtained from genomic databases Ensembl and Genbank.
The only genomic sequence obtained from Genbank is marked with the symbol *

Gene | Genome Start Finished| Total
Species Gene 1D ortholog| assembly Transcript ID Chr  [Exons| sequence [Endsequence| /Draft |length(bp)
Human ENSG00000128973 CLN6 | NCBI 36 ENST00000249806 15 7 | 66,286,386 | 66,309,102 | Finished | 42717

Macaque|  ENSMMUG00000011703 | CLN6 | MMUL 1.0| ENSMMUT00000016395 7 6 46,797,911 | 46,828,306 | Finished | 30396
Mouse |  ENSMUSG00000032245 Cn6 | NCBIm37 | ENSMUST00000034776 9 7 62,626,793 | 62,660,008 | Finished | 33216
Cattle ENSBTAG00000005565 CLN6 | Btau 3.1 | ENSBTAT00000007315 10 6 | 9884836 | 9,912,794 | Draft | 27959

CLN6_
Dog ENSCAFG00000017473  |CANFA|CanFam2.0| ENSCAFT00000027690 30 6 |35,182,226 | 35,211,895 | Finished | 29670
Chicken*|  Accession noNW 060444 CLN6 none Locus: NW 060444 10 none | 1,065,331 | 1,101,231 | Finished | 35,900

Opossum|  ENSMODG00000009425 | CLN6 | MonDom5 | ENSMODT00000011999 1 6 |155,193,191| 155,228,317 | Finished | 35127
Rat ENSRNOG00000007164 Ch6 | RGSC 3.4 | ENSRNOT00000034926 8 7 166,977,073 | 67,010,998 | Finished | 33926

Fugu fish| NEWSINFRUG00000122292 | CLN6 | FUGU 4.0 |[NEWSINFRUT00000129135|scaffold 1| 8 | 3,061,164 | 3,085822 | Finished [ 24659

Sheep* |Accession no:DQ458790 (MRNA)| CLN6 - Locus: DQ458790 7 1 933 Draft 933

3.2.2 Sequence alignments and visualisation using bioinformatic programs

The VISTA program (Mayor et al., 2000) was used for comparative analysis and alignment
visualisation of the ten sequences. The global alignment algorithm (Needleman and Wunsch
1970) used in VISTA incorporates an assumption that highly similar regions in sequences from
related organisms appear in the same order and orientation (Bray et al., 2003). Biological
sequences from related organisms such as those used in this study satisfy this assumption. DNA

sequences were uploaded into the VISTA server (http://genome.lbl.gov/vista/index.shtml) in

individual single contig FASTA files. The sheep and cattle genome sequences used were draft
sequences. The other eight genome sequences; human, macaque, dog, mouse, rat, chicken,
opossum and Fugu fish, were obtained from completed eukaryotic genomes ((Lander et al., 2001
(humans) ; Gibbs et al., 2007 (macaque); Lindblad-Toh et al., 2005 (dog); Waterston et al., 2002
(mouse); Gibbs et al., 2004 (rat); Hillier et al., 2004 (chicken); Mikkelsen et al., 2007 (opossum);
Aparicio et al.,, 2002 (Fugu fish)). However, it needs to be acknowledged that reported

‘completed genomes’ still contain gaps, misarrangements and incomplete annotations.

Sequences were aligned using a multiple alignment method AVID (Bray et al., 2003) provided in
VISTA. AVID was the only alignment program available through this program server with the
ability to align both draft and complete sequences by ordering and orienting the former sequence
to the latter. The other two alignment programs LAGAN and Shuffle-LAGAN (Brudno et al.,
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2003) perform alignments for complete genomes. Conservation parameters for calculating CNCS
on the VISTA plot were maintained at default values of a minimum 70% identities at 100 bp,
generated by sliding the default window of 100 bp long along each pairwise sequence alignment

and calculating the percent identity at each base pair position (Frazer et al., 2004).

Human CLNG6 was used as the reference sequence as it encompasses a complete gene sequence
with known annotations. The human gene annotation file was submitted for mVISTA (multiple
VISTA for comparing two or more species DNA sequences) analysis in a simple plain text
format (Figure 3.2). The human CLNG6 is defined by its start and end coordinates on the
sequence. A greater than (>) was placed in the first line to indicate plus strand and the numbering
was displayed according to the plus strand as well. The exons are listed individually starting with
the label ‘exon’, after the start and end coordinates of each exon. UTRs are defined here as
sequences upstream to exon 1 (coordinates 1 — 10126) and downstream to exon 7 (31572 —
42717) of the CLNSG.

>10127 31571 Human
HS

10127 10209 exon 1
21061 21175 exon 2
25323 25421 exon 3
27848 28036 exon 4
28393 28448 exon 5

29952 30074 exon 6

Figure 3.2: The human CLN6 annotation file uploaded as an input for mVISTA analysis. The gene is defined
by its start “exon‘ coordinates on the plus DNA strand. The annotation file was used as reference sequence for cross-
species sequence comparison of the nine multispecies genomic sequences against the human reference sequence.

To determine whether the alignment results of the 10 species conform to the NCBI phylogenetic
tree in Figure 3.1, another cross-species comparison was analysed using the LAGAN alignment
program. LAGAN was used instead of AVID as it was the only program that calculates a
phylogenetic tree. Input sequences uploaded into VISTA were similar to those described earlier
for AVID.
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3.3 Results

3.3.1 Identification of CNCS across CLNG6 orthologs

The VISTA plot of the CLN6 orthologs from human, macaque, cattle, sheep, dog, mouse, rat,
chicken, opossum and Fugu fish is presented below (Figure 3.3). The x-axis represents the
human reference sequence (kb) and the y-axis represents the percent identity (%). The human
exons and UTRs are marked above the plot based on the annotation file uploaded into the

program (Figure 3.2).

Exon 1 was shown to be conserved only between the species of human and sheep (Figure 3.3;
Table 3.2) whereas exons 2 to 7 were highly conserved in most species with these exons
containing almost similar lengths to the human reference sequence. The largest CNCS were
identified in introns 1, 2 and 6 as well as flanking sequences upstream (5”) and downstream (3’)
to the CLN6. A region of particular interest was identified in position 7,885 - 8,253 kb
approximately 2 kb upstream of CLN6 which showed greater than 70% sequence identity
between human/ macaque/ dog/ mouse/ rat (genomic sequence for cattle, sheep, chicken,
opossum and Fugu were lacking for this area). Given that transcriptional control of gene
expression is likely to be coordinated by DNA sequences upstream of the transcription start site
of genes (Latchman, 2005), this CNCS upstream of the CLN6 was considered as a high priority

for sequencing and mutation screening.
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Figure 3.3: (A) Diagram of the CLN6 sense transcript showing Exons 1 to 7 (modified diagram from cattle transcript taken from Ensembl Transcript: CLN6-201
and Gene: ENSBTAT00000007315), (B) VISTA plot for CLN6 orthologs between human and macaque, cattle, sheep, dog, mouse, rat, chicken, opossum and Fugu
fish. Peaks are shown relative to their position in the human reference sequence (x-axis) and their percent identities are indicated on the y-axis. The colouring of the different
conserved regions correspond to the human CLN6 gene annotation as shown in Figure 3.2; pink regions are conserved non-coding sequences (CNCS), the dark blue regions
which conform to the gene transcript diagram above (A) denote coding sequences (exons) and the turquoise regions indicate UTRs. The red arrows are added manually to
signify gaps in species with draft sequences. * marks the CNCS region identified upstream to the CLN6 and considered priority for sequencing in Chapter 4.
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Table 3.2: VISTA summary of conserved regions in the CLN6 coding sequences between human and
macaque, cattle, sheep, dog, mouse, rat, chicken, opossum and Fugu fish. The exon length and percentage
identities shown in the other species are relative to the human CLNG6.

Species Exon1l | Exon2 Exon3 Exon4 Exon5 Exon6 Exon7
Human 83 bp 115 bp 99 bp 189 bp 56 bp 123bp | 271bp
96.5% ; 97.0%; | 97.4%; 98.2% ; | 95.9%; | 98.5%;
Macaque | - 115 bp 99 bp 189 bp 56 bp 123bp | 271 bp
87%; 91.9%; | 91.0%; 92.9%; | 91.1%; | 93.4%;
Cattle - 115 bp 99 bp 189 bp 56 bp 123bp | 271 bp
83.1% ; | 87.8%; 92.9%; | 91%; 92.9%; | 90.2%; | 92.3%;
Sheep 83 bp 115 bp 99 bp 189 bp 56 bp 123bp | 271 bp
87.0% ; 90.9%; | 90.5% ; 91.1%; | 81.3%; | 93%;
Dog - 115 bp 99 bp 189 bp 56 bp 123bp | 271 bp
87% ; 86.9%; | 86.2%; 91.1% ; | 87.0% ; | 90.0% ;
Mouse - 115 bp 99 bp 189 bp 56 bp 123bp | 271 bp
85.2% ; 86.9%; | 86.8%; 92.9%; | 87.8%; | 87.8%;
Rat - 115 bp 99 bp 189 bp 56 bp 123bp | 271 bp
77.4%; 75.8%; | 84.7%; 80.4%; | 75.4%; | 78.4%;
Chicken | - 115 bp 99 bp 190 bp 56 bp 122 bp | 268 bp
75.4% ; 82.0% ; 83.9% ; 79.0% ;
Opossum | - 114 bp - 189 bp 56 bp - 271 bp
Fugu 78.8%; | 71.5%; 80.4% ; 69.0% ;
fish - - 99 bp 186 bp 56 bp - 171 bp

3.3.2 Phylogenetic tree generated by LAGAN alignment program

The LAGAN program calculated phylogenetic tree (Figure 3.4) was mostly in agreement with

the NCBI phylogenetic inference made using the NCBI taxonomy browser (Figure 3.1).

|-Human

l—Macnque

Cattle
Dog

Mouse
Rat
Chicken

—— opu S5UM

Fugu

Figure 3.4: Phylogenetic tree generated by LAGAN cross-species sequence multialignment.
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3.4 Discussion

Most of the CLNG6 orthologs share structural similarity to humans, which is not surprising
considering orthologs share a closer common ancestor, and have sequence and potentially,
functional similarity (Peterson et al., 2009). The significantly conserved region in 5’ upstream to
the CLNG6 exon 1 found between species human/ macaque/ dog/ mouse/ rat but absent in cattle
and sheep are likely due to corresponding segments of the DNA that have not been sequenced in

the cattle and sheep draft genome assemblies.

Exon 1 was shown to be conserved only in human/ sheep. This may be due to several factors
including the VISTA default parameters that only identify conserved regions at or higher than 70
% identify, exon 1 is missing in several species or because these corresponding regions have not
been sequenced in the draft assemblies (e.g. cattle). This variation in the existence of exon 1 is
very interesting and will be further investigated (Chapter 7). Sequence flanking exon 1 was well
conserved such as seen in intron 1 (human/ macaque/ cattle/ dog) and upstream sequences
(human/ macaque/ cattle/ dog/ mouse/ rat) (Figure 3.3).

Sequences conserved across species of different evolutionary distances highly suggest a
conservation of function (Thomas et al., 2003; Larney et al., 2015). The contrast in sequence
conservation when comparing Fugu fish and mammalian DNA, and mammalian against
mammalian DNA where they are closely related, is striking (Lettice et al., 2003; He and Zhu,
2011). Higher conservation between human/ macaque/ cattle/ sheep sequences compared to

human/ Fugu fish were observed in this study.

Computational approaches to sequence alignment generally fall into two categories, global
alignments and local alignments. The choice of an alignment program depends on the sequence
set to be aligned (Thompson et al., 1999) and many studies have used either method to align
multispecies sequences. Examples are seen in the identification of conserved regulatory elements
in Pax6 intron 7 involved in (auto) regulation and alternative transcription (Kleinjan et al., 2004)
using global alignment; and identification of binding motifs of sequences flanking the testis-

determining gene Sry in 17 mammalian species using both global and local sequence alignment
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methods (Larney et al., 2015). In both studies, most of the candidate regulatory elements were
experimentally demonstrated to be functional. VISTA was used for the present study because of
the better performance of global alignment than local methods in aligning divergent sequence to
a set of closely related sequences (Thompson et al., 1999); seen here with Fugu fish/ chicken/
opossum compared to human/ macaque/ dog/ cattle/ sheep. VISTA was also chosen because of

the user-friendly interface and customised visualisation mode.

In conclusion, an in silico approach was used to identify regions of interest surrounding and
within the ovine CLNG6. As described earlier, CNCS have been identified as potential regions of
interest for mutations that may have an effect on CLN6 expression. Although long-range
regulatory elements have been found to modify gene expression from a distance of up to 1Mb
from the target gene (Lettice et al., 2003) it is more likely that the mutation causing NCL in the
South Hampshire sheep is relatively close to the gene itself due to the strong linkage between a
polymorphism in exon 7 of CLN6 and NCL in the South Hampshire sheep (Tammen et al.,
2006). Highly conserved regions in parts of the 5> UTR, 3 UTR and introns 1, 2 and 6 of the
CLNB®6 orthologs suggest a functional importance and are predicted to contain the disease causing
mutation in South Hampshire sheep. Sequencing of these identified CNCS will be discussed in
the following chapter (Chapter 4).
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CHAPTER 4: SANGER SEQUENCING OF
IDENTIFIED CNCS REGIONS WITHIN AND
FLANKING THE OVINE CLN6

4.1 Introduction

Five conserved non-coding sequences (CNCS) in introns 1, 2 and 6, and parts of the flanking
sequence upstream (5’) and downstream (3’) of the CLN6 were identified in previously described
work (Chapter 3) as potential regions of interest for housing the NCL causative mutation in the
South Hampshire sheep. The regions upstream of CLNG6 and intron 1 were considered a priority
for sequencing, as they were likely to contain transcriptional regulatory elements and had not
been sequenced previously (region upstream of CLN6) or only partially sequenced (intron 1) in
sheep. This chapter describes Sanger sequencing of an ovine BAC clone containing these

regions, the aim being to generate de novo ovine specific sequence.

4.2 Materials and methods

4.2.1 Ovine BAC clone

DNA from ovine BAC clone 35C9, extracted during a previous project (Houweling, 2009) using

methods previously described (Chapter 2.3.1) was chosen as the template for Sanger sequencing.

4.2.2 Primers and PCRs

4.2.2.1 Sequencing of PCR products with primers derived from cross-species alignment for
5’-CNCS

The 369 bp length CNCS (Appendix 2) found 1,906 bp 5 upstream of the CLN6 (5’-CNCS) of

the CLNG6 start codon in the human genome was identified using the VISTA multialignment
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program. This CNCS is located between positions 7,885 - 8,253 bp in the human reference
sequence (Figure 3.3). A GeneDoc (Nicholas et al., 1997) multialignment of this region in
human, macaque, dog, mouse and rat is presented in Figure 4.1. This cross-species sequence
alignment file was used to input into Primaclade software

(http://www.umsl.edu/services/kellogg/primaclade.html) to identify a set of PCR primers that

should bind in all species used in the alignment. Primers were further analysed with NetPrimer

(http://www.premierbiosoft.com/netprimer/index.html) to check for secondary structures, and

only primers with no or minimal secondary structures were ordered for synthesis. The sequences
of the four primers identified appear below (Table 4.1) and the predicted positions in the cross-
species sequence alignment and in the ovine genome as well as directions of primers can also be

visualised (Figures 4.1 and 4.2).

Table 4.1 Primers derived from VISTA cross-species alignment for 5 -CNCS

Primer Direction Sequence 5>3'

5UTRF1 Forward TGTTCATTCAGAAAGGCCC
5UTRR2 Reverse GCTTCCAGCCATCAGAGG
5UTRF3 Forward GCCTCATCCTCTGATGGCT
5UTRR4 Reverse ACCAGAGAAGAAGGATTGAGG

A PCR with a total reaction volume of 20 ul, containing QBuffer (Qiagen, Hilden, Germany),
1.5 mM MgCly, 0.2 uM of each dNTP (Astral Scientific Pty Ltd, Australia), 20 pmol of each
primer (using all possible combinations of primers in Table 4.1), 0.5 U of HotStar Tag DNA
polymerase (Qiagen, Hilden, Germany) and 50 ng of BAC DNA was performed under the
following conditions: 95°C for 15 min, 40 cycles at 95°C for 30 sec, various annealing
temperatures T, (50°C to 58°C) for 30 sec, 72°C for 1 min and cooling at 4°C for 10 min. PCR

products were visualised using agarose gel electrophoresis as described earlier (Chapter 2.6).
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Figure 4.1: Alignment of macaque, dog, mouse and rat CNCS sequences 5’ upstream to CLN6 (5’ —CNCS) with a human CLN6 reference sequence
(position 7,885-8,253) for 5’UTR-primer identification. Primaclade (http://www.umsl.edu/services/kellogg/primaclade.html) software identified four PCR
primers that should bind across the cross -species alignment. The positions and names of each primer (5’UTRF1 primer, 5’UTRF3 primer, 5’UTRR2 primer,
5’'UTRR4  primer) are shown using coloured boxes along with the directions of primers represented by black arro
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Only the primer combination 5UTRF1/ 5UTRR4 generated a single PCR product of
approximately 200 bp length at a T, of 55°C. This was sequenced as described in Chapter 2.7.1.
The four primers were also used for direct sequencing of BAC DNA as previously described

(Chapter 2.7.2), but direct sequencing was only achieved with the primer SUTRR4.

4.2.2.2 Ovine and human specific primers for direct BAC sequencing of the 5’-CNCS

The sequence generated using the primer combination 5UTRF1/ SUTRR4 (Chapters 4.2.2.1 and
4.2.3.1) was used to design ovine specific primers for direct sequencing using the Primer3
software (Rozen and Skaletsky, 2000) available at the now discontinued Australian National
Genomics Information Service (ANGIS) website, and further analysed with NetPrimer. The
sequences of the four ovine specific primers identified are shown below (Table 4.2) as are the
predicted positions in the ovine genome and directions of primers (Figure 4.2). An additional
primer, SUTRR8, was designed using the 5’ sequence upstream of the CLNG6 start codon in the

human genome (Table 4.2).

Table 4.2 Ovine and human specific primers for 5’ -CNCS

Primer Direction Sequence 5'>3'

5UTRR6 Reverse CTGTATGTCCCTTCCTTCGG
S5UTRF7 Forward GATGGGACAGGAAAGGGAGA
5UTRR8 Reverse AGGAAGAGACCGGTTCAGCTC
5UTRF9 Forward ACTCTGACCCCAATCTCATTCTCT
5UTRF11 Forward CCTTTCTCTCATTTGCTCCTCAC

4.2.2.3 PCRs with primers for intron 1 of ovine CLN6

Seven primers (I1F1, 11R2, 11F3, I1R4, 11F5, 11R6 and I1F7) within intron 1 were designed
using the ovine intron 1 sequence previously generated by Nadia Mitchell (Lincoln University,
New Zealand, pers. comm.). Primers were designed using the software packages (Primer3 and

NetPrimer) mentioned above and paired during PCR using all possible combinations. The
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sequences of the seven primers are shown below (Table 4.3) with the predicted binding positions

in relation to ovine CLNG6 and direction of primers also shown (Figure 4.2). An additional primer

I1R8 was designed using the bovine CLNG intron 1 sequence for direct sequencing of BAC DNA

(Table 4.3).

Table 4.3 Ovine and bovine specific primers for intron 1 of ovine CLN6

Primer Direction Sequence 5'>3'

11F1 Forward ATACGACACTGCCCGCTCAAATAG
I1R2 Reverse AACACTTTCTACATTCCAGGCACTC
I11F3 Forward TGGCCGGAAGGTTAGCCTGGA
I1R4 Reverse TCCAGAACCCAGTTCTGCAGAGTG
I1F5 Forward GACCAGAGTGAGAGCGTAGAGTG
I1R6 Reverse AACTAGGGTGAGGCAAGTGAGA
11F7 Forward CCAGAGAAAGAACGAGGAAGG
I1R8 Reverse CAGTCAGCCCTTCTCTACTCCA

As PCRs were designed mostly for long-range amplification, the KOD Hot Start DNA

Polymerase kit (Merck Biosciences Limited, Australia) and supplied reagents were used to

amplify PCR products in this region. PCRs with total reaction volumes of 50 pl were prepared
using reagents KOD Buffer, 2.5 mM MgSO, and 0.2 uM dNTP supplemented with the kit, as

well as 20 pmol of each primer (using all possible combinations of the ovine specific primers in
Table 4.3), 1 U of KOD Hot Start DNA polymerase (Merck Biosciences Limited, Australia) and
200 ng of BAC DNA. Long-range PCR (LR-PCR) reactions were performed under the following

conditions: 95°C for 2 min, 35 cycles at 95°C for 20 sec, various annealing temperatures (60°C

to 71°C) for 10 sec, 70°C for 2 min, an additional extension time at 72°C for 2 min and cooling

at 4°C for 15 min.
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Figure 4.2: Schematic diagram of approximately 15.2 kb of the CLN6 gene transcript in accordance with the ovine and bovine genome browsers. The
length of intron 1 and distance between 5’-CNCS and exon 1 are predicted based on the bovine Btau4.0 genome assembly. The blue and yellow boxes represent
previously known ovine sequences which are published exons and non-coding sequence (N1-N3) provided by collaborator Nadia Mitchell. The green box
represents the 369 bp 5’-CNCS identified using VISTA. Primers generated to amplify 5’- CNCS are represented by blue arrows and the primers generated to
amplify intron 1 of ovine CLNG6 by red arrows. The positions of primers are based on a predicted length of ~7.4 kb for the distance between 5’-CNCS and exonl
and of ~7.3 kb for intronl. The symbols * and ** represent primers designed from 5’ sequence upstream of the CLNG6 start codon in the human genome and
intron 1 sequence from bovine CLNG, respectively.
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4.2.3 DNA sequencing

Sequencing was performed using either PCR products as DNA templates for bidirectional
sequencing, or direct sequencing of BAC DNA 35C9, both using a single primer. Sequencing
was conducted at a commercial sequencing facility (SUPAMAC, Sydney University) and at the
University of Sydney using an ABI 3730 (Applied Biosystems, USA) and an ABI 3130 (Applied

Biosystems, USA) genetic analyser, respectively.

4.2.3.1 Bidirectional sequencing of PCR products

Bidirectional sequencing was performed using PCR products amplified with primer
combinations SUTRF1/ 5UTRR4, I11F1/ 11R2, 11F3/ I11R4, 11F7/ 11R6, I1F5/ I11R4, 11F7/ 11R4
and 11F7/ 11R2 according to the protocol described in Chapter 2.7.1. In some instances where
non-specific PCR bands were revealed by agarose gel electrophoresis, the bands of interest were
excised and purified (Chapter 2.6.1). Sample SUTRF1/ SUTRR4 was sequenced in-house
(Chapter 2.7.1). The remaining samples comprised of 16 pl mixtures containing purified PCR
products (IIF1/ 1IR2, 1IF3/ 1IR4, 11F7/ 11R6, 11F5/ 11R4, 11F7/ 11R4 and I1F7/ 11R2), 4 pmol
primers (forward or reverse) and molecular grade water (Eppendorf, Hamburg, Germany) were

sent at room temperature to SUPAMAC for sequencing.

4.2.3.2 Direct sequencing method

Direct sequencing of the ovine BAC clone was performed in-house with primers 5UTRR4,
5UTRR6 and SUTRF7 as described previously (Chapter 2.7.2). Samples from primers 5SUTRRS,
S5UTRF9, 5UTRI1F11 and I1R8 were sent to SUPAMAC for sequencing.
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4.2.4 Alignment and mapping of sequence to genome assemblies

New sequences generated from this study, and known ovine sequences from both published and
unpublished sources (Genbank and Nadia Mitchell, Lincoln University, New Zealand,
respectively) were mapped to genome assembly versions that were available when the current
study began in 2007. The assemblies were Bos taurus Baylor draft assembly or Btau 4.0
(released in 2007) and Ovis aries ISGC draft assembly version 2.0 or OARV2.0 (released in
2010) accessible via the UCSC genome browser
(http://genome.ucsc.edu/cgibin/hgGateway?hgsid=201629225&clade=mammal &org=Cow&db=
0) and the GBrowse interface hosted at the CSIRO's Livestock Genomics site
(http://www.livestockgenomics.csiro.au/cgi-bin/gbrowse/oarv2.0/), respectively. The bovine
chromosome 10 (BTAL10) of Btau 4.0 was used because of its homology with the ovine
chromosome 7 (OAR7) of OARV2.0 containing the ovine CLNG.

Sequence alignments were performed using BLAT (Kent, 2002) and BLAST (Altschul et al.,
1990) analysis tools available on the respective browsers websites mentioned above. Sequence
information was uploaded into the genome browsers in general feature format (GFF) and big bed
(BED) data files based on results from BLAT analysis against BTAL10 and BLAST analysis
against OAR7, respectively. Sequences were presented on the respective genome browsers using
the following user custom browser tracks: known ovine CLN6 sequence (0CLNG6), CNCS
sequence generated in the 5’-CNCS (5primeoCLNG6) and sequence generated in intron 1 of CLN6
(110CLN®).

4.3 Results

4.3.1 PCR primers for amplifying 5’CNCS and intron 1 of ovine CLN6

A total of seventeen primers (9 for the 5’-CNCS and 8 for intron 1) were generated using the
CLNG6 sequence obtained from the cross species sequence alignment as well as from the known
ovine, bovine and human sequences. As sequence information in the upstream of ovine CLN6

and in intron 1 was limited, the positions of the primers were predicted from the homologous
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region on BTA10. A schematic diagram containing the predicted location of primers and
flanking sequence from published exons 1 and 2 of ovine CLN6 (Tammen et al., 2006) and
sequence provided by Nadia Mitchell (Lincoln University, New Zealand, pers. comm.) is

presented (Figure 4.2).
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4.3.2 PCR products for sequencing

Only one combination of primers derived from cross-species alignment in the 5’-CNCS
generated a PCR product suitable for sequencing using the ovine BAC DNA as a template. The
primer combination SUTRF1/ SUTRR4 initially generated three non-specific PCR products
(approximately 200 - 300 bp) at annealing temperatures (T,) 50°C and 52°C, respectively (Figure
4.3). A single PCR product of approximately 200 bp was then produced when T, was increased
to 55°C (Figure 4.3). The resultant sequence using this PCR product was used to create ovine

specific primers.

123456789 10112 M

Figure 4.3: Optimisation of PCR conditions for primers derived from cross-species alignment for 5’-CNCS.
Each primer combination was tested at three annealing temperatures: 50°C, 52°C and 55°C. (M) New England
BioLabs 100 bp DNA Ladder, (1-3) 5’'UTRF3/ 5’'UTRR2, (4-6) 5’UTRF3/ 5’UTRR4, (7-9) 5’UTRF1/ 5’UTRR2,
(10-12) 5’UTRF1/ 5’'UTRR4 (1% agarose gel).

For intron 1, six of the 12 tested primer combinations generated PCR products suitable for
sequencing. Combinations 11F1/ 11R2, 11F3/ 11R4, 11F7/ 11R6, I11F5/ 11R4, 11F7/ 11R4 and
I11F7/ 11R2 generated PCR products of approximately 7 kb, 1.3 kb, 700 bp, 2 kb, 2 kb and 2 kb,
respectively (Figure 4.4a and b). Three primer combinations (I11F5/ 11R4, 11F7/ 11R4, 11F7/
11R2) produced multiple bands, which were extracted from agarose gels prior to sequencing
(Figure 4.5). Most of these PCR products were shorter than predicted from the known bovine
sequence information, but, as the true length of ovine intron 1 was unknown when the study was

conducted; all purified PCR products were sequenced.
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11F3/ 11F1/ b 11F5/ 11F7/  11F7/ 11F7/
(a) 11R4 11R2 ( ) 11R4 11IR6  I1R4 11R2

9 10 11 @

7kb
1.5kb kb
1.5kb
500bp,
500bp

Figure 4.4: PCR products for intron 1 of ovine CLN6 amplified with primers (a) 11F1/ 11R2, I11F3/ 11R4 and
(b) 11F7/ 11R6, 11F5/ 11R4, I11F7/ 11R4 and I11F7/ 11R2. (M) Fermentas GeneRuler 1 kb DNA ladder plus, (1, 3,
5, 7, 9 and 11) no template control, (2) 11F3/ I1R4 (~1.3 kb), (4) 11F1/ I1R2 (~7 kb), (6) 11F5/ I1R4 (~2 kb), (8)
I1F7/11R6 (~700 bp), (10) ILF7/ 11R4 (~2 kb), (12) 11F7/ I11R2 (~2 kb, ~1.3 kb) (1% agarose gel).

11F5/ 11F7/ 11F7/ 11F7/
11R4 11R4 I11R2 I1R2

2kb
1.5kb

500bp

Figure 4.5: Agarose gel purified PCR products from intron 1 of ovine CLN6 amplified with primers 11F5/
11R4, 11F7/ 11R4 and I11F7/ 11R2. (M) Fermentas GeneRuler 1 kb DNA Ladder Plus, (1) no sample, (2) 11F5/
I1R4 (2 kb), (3) I11F7/ I1R4 (2 kb), (4,5) ILF7/ I1R2 (2 kb, 1.3 kb) (1% agarose gel).
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4.3.3 Sequences generated in the 5’ region and intron 1 of ovine CLNG6

The sequencing of CNCS in the 5’ region of ovine CLN6 was conducted in two phases. In phase
1, four primers, namely SUTRF1, 5SUTRF3, 5UTRR2 and 5UTRR4, designed from cross-species
alignment, were used for direct sequencing of the BAC and PCR amplification. Only primer
5UTRR4 successfully generated sequence (232 bp) while PCR product using primers SUTRF1/
5UTRR4 generated a 195 bp sequence. In phase 2, the ovine specific primers SUTRRS,
S5UTRF7, 5UTRF9, 5UTRF11 and the human specific primer 5SUTRR8 were used for direct
sequencing of the ovine BAC, generating 635, 869, 846, 859 and 1028 bp, respectively. In

summary, there was a total of 4, 664 bp sequence generated in the 5’ region of ovine CLNG.

Sequencing of intron 1 of ovine CLN6 was conducted using six PCR products derived from long-
range amplification. Only a segment of each PCR product was obtained in a single sequence
read. For five of the products only one of the two primers used for each sequencing reaction
generated sequence. The PCR products I1F1/ 11R2, 11F3/ 11R4, 11F7/ 11R6, 11F5/ 11R4, 11F7/
I1R4 and I1F7/ 11R2 generated 950, 800, 627, 757, 471 and 886 bp sequence, respectively.
Direct sequencing of the bovine specific primer I1R8 generated an 880 bp sequence. In

summary, there were a total of 5,371 bp sequences generated in intron 1 of ovine CLNG6.

Individual raw sequences generated are presented in an appendix to this work (Appendix 3).

4.3.4 Alignment of sequences against BTA10

New non-coding sequences generated, and the previously known ovine CLNG6 sequences (exons
1 to 7: GenBank GenelD: DQ458790.1), 275 bp of 5 sequence, 1,337 bp of intron 1, as well as
the sequence in introns 2 to 6 (provided by Nadia Mitchell, Lincoln University, New Zealand:
pers. comm.) were aligned against bovine BTA10 using the BLAT analysis tool. The quality
(percentage identity and scores based on web-based BLAT calculations) and location on BTA10
of the strongest BLAT hits for all query sequences are shown in tabular (Table 4.4) and visual
form (Figure 4.6).
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Table 4.4: Location and quality of the strongest BLAT hits of sequences against bovine BTA10.

Percentage
Chromosome | Score identity Location
From to
CNCS sequences

S5UTRF1R4seq 10 171 96.8 14890986 14891287
S5UTRR4seq 10 195 94.6 14891193 14891416
S5UTRR6seq 10 406 96 14890588 14891041
S5UTRF7seq 10 602 94.4 14890627 14891307
S5UTRF9seq 10 733 95.6 14891067 14891901
S5UTRF11seq 10 768 95.7 14890865 14891725
S5UTRR8seq 10 771 91.3 14892668 14893619
I11R8seq 10 522 93.7 14876590 14877488
I1IF1R2seq 10 782 93.8 14882541 14883486
I1F3R4seq 10 666 94 14882714 14883493
I1IF7R6seq 10 491 92.6 14882687 14883289
I1F5R4Rseq 10 316 92.6 14876412 14876791
I1F5R4Fseq 10 222 91.7 14882477 14882766
I1IF7R4seq 10 232 91.2 14879022 14879344
I1IF7R2Fseq 10 267 95.2 14882972 14883289
I1F7R2Rseq 10 290 93.5 14877109 14877464

Known CLN6

sequences

Exon 1 10 75 95.2 14883808 14883890
Exon 2 10 111 98.3 14876348 14876462
Exon 3 10 97 99 14873865 14873963
Exon 4 10 185 99 14872393 14872581
Exon 5 10 56 100 14872061 14872116
Exon 6 10 117 97.6 14870546 14870668
Exon 7 10 265 98.9 14868505 14868775
Intron 2 10 2013 92.3 14873964 14876340
Intron 3 10 1065 92 14872582 14873849
Intron 4 10 231 92.8 14872117 14872392
Intron 5 10 1084 92.2 14870669 14872060
Intron 6 10 1466 91.8 14868776 14870545
Partial_3UTR 10 1052 93 14867033 14868504
Partial_5UTR 10 187 89.8 14883883 14884106
Partial_I1A 10 528 95.6 14883173 14883884
Partial_I11B 10 327 94.5 14876463 14877129
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Figure 4.6: Alignment of known ovine sequences (track ‘oCLN6’, set to dense mode) and new non-coding sequences (track ‘5SprimeroCLN6’ and
‘“110CLNG6’ are set to ‘pack’ mode) against BTA10: 14,862,499 - 14,907,500 (assembly Btau 4.0) using the UCSC genome browser. The blue shaded
regions (represented by track ‘Conservation’) are sequence conserved between dog, human, mouse and platypus. The locations of the seven exons of bovine
CLNG6 and bovine repeats are shown in the track ‘RefSeq Genes’ and ‘RepeatMasker’, respectively. A gap in the bovine sequence exists 5’ of bovine CLNS, as is

shown in the ‘Gap’ track.
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Known ovine sequences (‘0CLNG6’) were aligned as expected against bovine CLN6 (Figure 4.6)

(‘RefSeq Genes’ track). The CLN6 BT A10 coding sequence is on the negative strand.

The “conservation’ track showed the presence of conserved sequences in the human, mouse, dog
and platypus, which further support identification of CNCS in the 5’ upstream of CLN6 (Chapter
3). The distance between the 5’-CNCS and the CLNG6 start codon in exon 1 is approximately 5 kb
in cattle BTA10 and 2 kb in human HSA15. Most of the sequences generated for the 5’-CNCS
(‘5primeoCLNG6’ track) aligned with and extended the 5’-CNCS region as expected, to BTALO:
14,890,588 - 14,891,901. Sequences in this region encompassed the overlapping sequences of
‘5UTRR6seq’ (direct sequencing with the SUTRR6 primer), ‘5SUTRF7seq’ (direct sequencing
with the 5UTRF7 primer), ‘5SUTRF11seq’ (direct sequencing with the SUTRF11 primer),
‘5UTRF1/ 5UTRR4’ (PCR primer combinations SUTRF1/ 5UTRR4), ‘5UTRF9seq’ (direct
sequencing with the SUTRF9 primer) and ‘5UTRR4seq’ (direct sequencing with SUTRR4
primer). However, the sequence ‘SUTRR8seq’ unexpectedly aligned to BTAL10: 14,892,668 -
14,893,619 approximately 7 kb upstream of the expected region, and not in the proximity of the
predicted primer location in the 5’-CNCS region (Figure 4.2).

Although most of the PCR products generated for intron 1 of ovine CLN6 were shorter than
expected (Figures 4.4 and 4.5) as compared to the 7 kb predicted based on BTALO, these
generated sequences aligned to three different regions in the bovine intron 1 (‘110CLN6’ track).
The first sequence which aligned to BTA10:14,876,412 - 14,877,464 encompassed the
overlapping sequences of ‘11F5R4_Rseq’ (PCR primer combination I1F5/ 11R4, sequencing
primer 11R4), ‘11R8seq’ (direct sequencing with I11R8 primer) and ‘11F7R2_Rseq’ (PCR primer
combination I11F7/ 11R2, sequencing primer 11R2). The second sequence: ‘11F7R4’ (PCR primer
combination 11F7/ 11R4, sequencing primers 11F7 and I11R4) aligned to BTA10:14,879,022 -
14,879,344. The third sequence which encompassed the overlapping sequences of
‘I1F5R4_Fseq’ (PCR primer combination 11F5/ 11R4, sequencing primerl1lF5), ‘I1F1R2seq’
(PCR primer combination 11F1/ 11R2, sequencing primers I11F1 and I11R2) , ‘11F7R6_seq’ (PCR
primer combination I1F7/ 11R62, sequencing primers I11F7 and I1R62 ), ‘11F3R4seq’ (PCR
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primer combination 11F3/ 11R4, sequencing primer 11R4) and ‘I11F7R2_Fseq’ (PCR primer
combination I11F7/ 11R2, sequencing primer 11F7) aligned to BTA10: 14,882,477 - 14,883,289.

4.3.5 Alignment of sequences against OAR7

After the initial BLAT analysis against the bovine sequence, and while the investigation was
underway, the International Sheep Genome Consortium (ISGC) published a draft ovine genome
sequence (OARV2.0; Archibald et al., 2010). This, along with the 5 and intron 1 sequences
generated here, as well as known ovine CLNG6 sequences were aligned and mapped against ovine

OAR7 using results from BLAST analysis (http://www.livestockgenomics.csiro.au/cqgi-

bin/gbrowse/oarv2.0/). The quality (Expect value {E value} and score) and the location of the

best BLAST hits containing the lowest E values are shown below in tabular (Table 4.5) and
visual (Figure 4.7) form. The E-value gives an indication of the number of hits one can expect to
see by chance (the lower the E-value the more significant the hit) and the score (bit) indicates

how good an alignment is (the higher the score the better the alignment).
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Table 4.5: Location and quality of the strongest BLAST hits of sequences against ovine OAR7.

CNCS sequences Chromosome Score (bits) E-value Location
From To
5UTRF1R4 7 319 bits (161) 3e'-85 14858684 14858867
5UTRR4seq 7 422 bits (213) e-116 14858894 14859114
5UTRR6seq 7 817 bits (412) 0 14858742 14858310
5UTRF7seq 7 1124 bits (567) 0 14859012 14858334
5UTRF9seq_pl 7 1158 bits (584) 0 14858770 14859362
5UTRF9seq_p2 7 402 bits (203) e-109 14859389 14859597
5UTRF11seq 7 1556 bits (785) 0 14858566 14859362
5UTRR8seq 7 1675 bits (845) 0 14861335 14860356
I1IF1R2 7 1725 bits (870) 0 14851333 14850389
I1F3R4 7 1473 bits (743) 0 14850568 14851340
I1IF7R6 7 1102 bits (556) 0 14851136 14850534
I1IF5R4R 7 541 bits (273) e-152 14850622 14850326
I1F5R4F 7 688 bits (347) 0 14845562 14845952
I1IF7R4 7 507 bits (256) e-141 14847175 14846836
ILF7R2F 7 601 bits (303) e-169 14851136 14850818
I1IF7R2R 7 666 bits (336) 0 14846008 14846352
I11R8seq 7 1181 bits (596) 0 14845732 14846419
Known CLNG6
sequences
Exon 1 14 36.2 2.1 53893703 53893720
Exon 2 7 228 bits (115) 4e-58 14845605 14845491
Exon 3 7 196 bits (99) le-48 14842069 14841971
Exon 4 7 375 bits (189) e-102 14840667 14840479
Exon 5 7 111 bits (56) 3e-23 14840201 14840146
Exon 6 7 188 bits (95) 4e-46 14838319 14838225
Exon 7 7 484 bits (244) e-134 14836413 14836162
Intron 2_a 7 1739 bits (877) 0 14844614 14845490
Intron 2_b 7 1223 bits (617) 0 14843924 14844540
Intron 2_c 7 543 bits (274) e-152 14843479 14843752
Intron 2_d 7 1125 bits (567) 0 14842906 14843478
Intron 2_e 7 1618 bits (816) 0 14842905 14842070
2493 bits
Intron 3 7 (1254) 0 14841970 14840668
Intron 4_pl 7 137 bits (69) 3e-30 14840270 14840202
Intron 4_p2 7 131 bits (66) 2e-28 14840478 14840413
Intron 5_p4 7 549 bits (273) e-153 14839563 14839259
Intron 5_pl 7 416 bits (207) e-113 14838575 14838320
Intron 5_p3 7 410 bits (204) e-112 14839198 14838971
Intron 5_p5 7 304 bits (151) le-79 14840145 14839995
Intron 5_p2 7 211 bits (105) 7e-52 14838828 14838724
3289 bits

Intron 6 7 (1658) 0 14838086 14836414
Partial_3UTR_p1 7 1861 bits (939) 0 14834948 14835904
Partial_3UTR_p2 7 373 bits (188) e-100 14835906 14836136
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Known CLN6
sequences Chromosome Score (bits) E-value Location
From To
Partial_5UTR 4 38.2 bits (19) 2.1 46088674 46088696
Partial_I11A1 pl 7 412 bits (207) e-112 14851406 14851014
Partial_I11A1_p2 7 239 bits (120) 2e-60 14851526 14851407
Partial_I11B 7 817 bits (409) 0 14846034 14845513

In Table 4.5, “Intron 2” which is 3,476 bp in length was manually subdivided into several smaller
parts noted by the addition of label *_a’ — *_e’ after each sequence name. These were used as
inputs for BLAST analysis to overcome a 2 kb limit for input sequences on the CSIRO server
and problems with unwanted numerous repeats found during BLAST searches, which delayed
and often halted analysis. Sequences ‘SUTRF9seq’, ‘Intron 4, “Intron 5°, ‘Partial 3UTR’ and
‘Partial_I11A1" were subdivided during BLAST analysis by the addition of labels *_pl’ — *_p5’

after each sequence name, as there were gaps in the sequence alignment.

Most of the known ovine sequences (except for ‘exon 1’ and the ‘partial 5SUTR’) aligned as
expected (Figure 4.7) to the predicted CLNG6 location (‘“Cow Refseqs’ track). BLAST analysis
aligned exon 1 to chromosome 14 (OAR14:53,893,703 - 53,893,720 bp, Table 4.5) but the high
E-value of 2.1 indicates that this sequence is likely to be incorrectly assigned. The other
unassigned sequence: ‘partial SUTR’ aligned to multiple regions across many chromosomes and
aligned less than 20 bp at a high E-value of 2.1. The failure to align these two known sequences
to the predicted region on OAR7 could have arisen because the version used in the analysis
(oarv2.0) contains a gap within the scaffold (scaffold476), located between ‘contigOAR.1099’
and “contigOAR7.110’ and spanning approximately 900 bp (OAR7:14,851,500 - 14,852,400 bp),
which is the region expected to contain exon 1 of CLN6. This also likely caused the
‘Cow_RefSeqs’ track (Figure 4.7) to not display the position of exon 1 in bovine CLN6. For
visualisation purposes, positions of the previously known sequences ‘exon 1’ and
‘partial SUTR’ were manually added to the genome browser at location OAR7:14,851,527 -
14,851,610 and OAR7:14,851,611 - 14,851,886, respectively, using flanking sequences to

predict these locations.
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Figure 4.7: Alignment of known ovine sequences (track ‘0CLN6’) and new non-coding sequences (tracks: ‘SprimeroCLN6" and ‘110CLN6’) against

OARY7: 14,830,000-14,865,000 (assembly OARV2.0) using the CSIRO genome browser (http://www.livestockgenomics.csiro.au/cgi-bin/gbrowse/oarv2.0/).
‘Scaffold476’ (represented by track ‘Scaffolds’) is the scaffold assembled using four different contigs: ‘contigOAR7.1097, ‘contigOAR7.1098’,
contigOAR7.1099 and contigOAR7.1100 (represented by track ‘Contigs’). Sequence gaps exist between all contigs in the ovine genome assembly. The predicted
location of the seven exons of ovine CLNG6 are shown in the track ‘Genewise prediction’ and the location of the six exons (exons 2-7) of bovine CLN6
(NM_001109984) are shown in the track ‘Cow RefSeqs’.
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The overall positioning of the newly generated sequences in the ovine genome corresponded
closely with their alignment to the bovine genome discussed earlier (‘Cow Refseqs’ track).
Sequences for the 5’UTR (‘5primeUTR’ track) encompassed the overlapping sequences of
‘SUTRR6seq’, ‘SUTRF7seq’, ‘SUTRF11seq’, ‘5SUTRF1/ 5UTRR4’, ‘5SUTRF9seq _pl’ (part 1 of
the ‘SUTRF9’ sequence generated), and ‘SUTRR4seq’ aligned approximately to OART:
14,858,310 - 14,859,114. Sequence ‘SUTRF9seq_p2’ (part 2 of the ‘SUTRF9’ sequence
generated) aligned to 14,859,389 - 14,859,597. As in the bovine alignment, sequence
‘5UTRR8seq’ unexpectedly aligned to a region not in the proximity of the predicted primer
location (Figure 4.2) at OAR7: 14,860,356 - 14,861,335 bp which is upstream of the expected 5’-
CNCS region.

Sequences generated for intron 1 aligned to three different regions of ovine intron 1 (I110CLN6):
The first sequence encompassing the overlapping sequences of ‘I1F5R4_Rseq’, ‘11R8seq’ and
‘I1IF7R2_Rseq’ aligned to OAR7: 14,845,562 - 14,846,352. The second sequence: ‘11F7R4’
aligned to OART7: 14,846,836 - 14,847,175 and the third sequence encompassing the overlapping
sequences of ‘11F5R4’, “11F1R2seq’, ‘I1F7R6_seq’, ‘I1F3R4seq’ and ‘11F7R2_Fseq’ aligned to
OAR7: 14,850,326 - 14,851,340.

A total of 10,035 bp ovine sequence was generated using Sanger sequencing for intron 1 and
upstream of ovine CLN6. Approximately 1,450 bp was new ovine sequence that did not overlap
with previously known ovine sequence, but aligned well with bovine BTA10 (at the time of
sequencing in 2008). Furthermore, the sequence generated was used to fill and reduce the gap in

the ovine OARV2.0 genome assembly.

4.4 Discussion

From the five conserved non-coding sequences (CNCYS) identified in previously described work
(Chapter 3), two regions (intron 1 and upstream of ovine CLN6) were partially sequenced in this

study. Although the sequencing efforts were laborious, time-consuming and generally
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unsuccessful, new sequence was generated. Of the sequence generated about 10% was novel and

was used to fill and reduce a gap in the ovine OARV2.0 genome assembly.

Most of the non-ovine specific primers aligned to expected regions in OAR7 however three
primers (5’UTRF1, 5’UTRR2 and 5’UTRF3) located upstream of ovine CLN6 showed multiple
BLAST hits (Figure 4.7) across numerous ovine chromosomes. It is likely that these primers
were designed from regions containing repeat sequences, based on their high E values (expected
number of hits) of up to 385. However, short sequences also have relatively high E values
because these sequences possess a higher probability of occurring in the database purely by
chance (Altschul et al., 1990) as compared to smaller E values which indicate lower probability
of false positives (Matsuda and Fukusaki, 2013). Only primer 5’UTRR4 was successful in
generating sheep sequence by direct sequencing, which is likely due to it aligning well to ovine

chromosome 7 with a score of 42.1 and an E value of 0.002.

The 11F7 and 11R6 primer pair is actually divergent primers and was chosen by accident.
However, its PCR product of 700bp (Figure 4.4b) which mapped on to the ovine and bovine
genomes (Figure 4.6) fell within the highly masked region as shown by the RepeatMasker track.
It was most likely that the primers amplified repetitive DNA that mapped to the extremely

enriched repeat sequence within ovine intron 1.

Two computational tools (BLAST and BLAT) were used to analyse the alignment between the
CNCS sequence generated, the known ovine sequence and the bovine and ovine genomes. BLAT
performance was fast, using index derived from the assembly of the entire genome in memory
instead of whole genome data, but was unable to process sequence with less than 95% sequence
homology and was limited in relation to batch queries with 25 sequences or less (Kent, 2002).
BLAST analysis required longer computational time using whole genome information on the
server. There was a high tendency of the analysis to break down but it allowed repeat regions and
sequences with low homology to be analysed (Altschul et al., 1990). A combination of both

alignment tools successfully mapped sequences to the genome of interest.
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Several problems were encountered during this study. Firstly, there was only limited ovine
sequence available for generating primer sequences in the CNCS regions of interest when the
study commenced in 2007. Thus cross-species and bovine sequence information was used, which
meant that only a limited number of primers worked. Secondly, the bovine early genome version
was incomplete, thus parts of the regions targeted for amplification contained ambiguous
nucleotides. Thirdly, the ovine genome assembly was far from complete during this study, as
OARvV2.0 was considered a working draft release with the more accurate version OARV3.0 to be
released later in 2011 (Archibald et al., 2010).

In hindsight, the primer walking strategy of sequencing short fragments of sequences at a time
from a long sequence, thus ‘walking’ from a known region to an unknown region method would
have been an alternative to complete sequencing the non-coding regions (Chinault and Carbon,
1979). Another approach would have been to subclone the BAC containing the region of interest
and sequencing the BAC DNA (Quail et al., 2011). However, all of these methods are laborious

and costly for a relatively small region.

In conclusion, the generation of non-coding sequence using this approach was laborious and time
consuming and not very effective. With the development of access to next generation sequencing
(NGS) technology, the Sanger sequencing approach was abandoned and NGS utilised for the
following studies (Chapters 5, 6 and 7).

118



CHAPTER 5: OVINE BACTERIAL ARTIFICIAL
CHROMOSOME (BAC) SEQUENCING USING A
NEXT-GENERATION SEQUENCING (NGS) 454
PYROSEQUENCING PLATFORM

5.1 Introduction

The previous chapters of this study describe how five conserved non-coding sequence (CNCS)
regions were identified using an in silico approach, and how traditional Sanger sequencing based
methods failed to adequately amplify these regions. This work generated 1.5 kb sequence of
CNCS within and upstream to the ovine CLNG6. However the sequence in this region was still far
from complete. The current chapter describes how the ovine BAC clone 270H8 containing the
regions of interest was sequenced using a next-generation sequencing (NGS) Roche 454
pyrosequencing platform. The regions of interest were CLN6 and flanking Calmodulin-like
protein 4 gene or CALML4 gene (CALML4).

5.2 Materials and methods

5.2.1 Ovine bacterial artificial chromosome (BAC) clones

5.2.1.1 Characterisation of ovine BAC clones

Ovine BAC clones 270H8 and 35C9 were obtained from Dr. Daniel Vaiman (INRA, Jouy-en-
Josas, France) after screening of an ovine BAC library with CLNG specific primers as previously

described (Chapter 2.3) and DNA of these two clones was extracted using methods outlined in
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Chapter 2.3.1. Both BAC clones were screened for CLN6 including a CNCS probe located
approximately 2 kb upstream to the gene (Chapter 3) and downstream CALML4. PCR primers
were designed using sequences from GenBank (GenelD: 539277), International Sheep Genomics

Consortium (ISGC) and CNCS sequence generated in an earlier study (Chapter 4).

PCR to amplify the region spanning CNCS to CLN6 (CNCS-CLNG6) was performed using the
KOD Hot Start DNA Polymerase kit (Merck Biosciences Limited, Australia). PCR conditions
for amplification of CNCS-CLNG6 were as follows; a total reaction volume of 20 pl containing
10X PCR Buffer for KOD Hot Start DNA Polymerase (Merck Biosciences Limited, Australia),
1mM MgS04, 0.2 mM KOD Hot start DNA Polymerase supplied dNTP, 10 pmol of primers
S5UTRF9rc and I1R6 (Table 5.1), 1U of KOD Hot start DNA Polymerase and 50 ng of BAC
DNA. PCR was performed under the following conditions: polymerase activation at 95°C for 2
min, 40 cycles of denaturation at 95°C for 20 sec, annealing at 67 C for 10 sec and extension at

70°C for 2 min, followed by a final additional extension at 72°C for 1 min.

PCR to amplify the region spanning exons 2 to 5 of CALML4 was designed for standard PCR
amplification using the Qiagen Hot Start DNA Polymerase kit (Qiagen, Hilden, Germany). PCR
conditions for amplification of exons 2 to 5 of CALML4 were as follows: a total reaction volume
of 20 pl containing 10X Buffer 1.5mM MgCI (Qiagen, Hilden, Germany), 2.5 mM MgCl,, 0.2
mM dNTP (Astral Scientific, Australia), 20 pmol of forward primer CALL2F1 and of the reverse
primer 3UTRR8 (Table 5.1), 0.5 U of Qiagen Hot Start DNA Polymerase and 50 ng of BAC
DNA. PCR was performed under the following conditions: polymerase activation at 95° for 15
min, 40 cycles of denaturation at 95° for 30 sec, annealing at 55or 30 sec, and extension at 72°

for 4 min followed by a final additional extension at 72° for 10 sec.

Table 5.1: Primer sequences for PCR identification of the CLN6 and CALML4 genes from BAC clones 270H8
and 35C9.

Length
Primer Direction Sequence 5'>3" (bases) | Region amplified
S5UTRF9rc forward | AGAGAATGAGATTGGGGTCAGAGT 24 CNCSCLN6
I1R6 reverse AACTAGGGTGAGGCAAGTGAGA 22 CNCSCLN6
CALL2F1 forward CGGTGGGGGTTTAGAGACA 19 CALML4
3UTRRS reverse GTGGTGTGTGACGTGCCTAA 20 CALML4
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5.2.1.2 DNA extraction from cultured BAC clones

Culture and purification of BAC clones 270H8 and 35C9 were performed using methods
outlined in Chapter 2.3.1.

5.2.1.3 Quantification and quality assessment of BAC DNA

DNA concentrations were determined using a UV spectrophotometer and gel electrophoresis;
with a 2 ul DNA aliquot loaded into the NanoDropTM ND-1000 spectrophotometer (NanoDrop
Technologies Inc, Thermo Scientific, USA) and 6 pl DNA run with a Geneworks 1 kb DNA
ladder (Geneworks, Australia) on a 1% agarose gel. Quality assessment based on results from
these two methods revealed that only DNA from BAC clone 270H8 reached the acceptable

concentration and purity suitable for sequencing (Figure 5.2).

5.2.2 Sequencing of BAC clone

Three microgram of purified DNA from BAC clone 270H8 was sent at room temperature to a
High Throughput DNA Sequencing Unit at University of Otago, Dunedin, New Zealand for 454
pyrosequencing  (Goldberg 2006, Roche 454 sequencing technology  website:

http://454.com/products-solutions/how-it-works/index.asp). A  sequencing library  was

constructed with the BAC sample nebulised into fragments of 300 to 800 bp in length. 454
sequencing adapters were ligated to the 3" and 5' ends of the fragments to create a template DNA
library. A Roche Multiplex Identifier (MID) barcode (sequence: ACGAGTGCGT) was attached
to the sample library during library construction to distinguish it from other unrelated samples
run in the same sequencing reaction and sequenced with a GS FLX Genomic sequencer on a
1/16th equivalent of a LR70 FLX plate.
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5.2.3 Bioinformatics analysis

The Roche GS FLX Genomic sequencer produced outputs in standard flowgram format (SFF)
files which include sequence reads and quality scores for each read. Sequence reads from the
SFF files were extracted and stored into FASTA using SFF_extract software

(http://bioinf.comav.upv.es/sff_extract/index.html) and these sequences pre-processed by

screening and automated trimming of the 454 sequence adaptors and primers using SeqClean

(http://seqclean.sourceforge.net). Low quality sequence reads with an average quality of <20 for

any part of the sequence within a window size of 50 bp and reads shorter than 100 bp were

removed using Mothur software (www.mothur.org).

The remaining sequence reads were assembled into sets of sequence contigs using the MIRA
whole genome shotgun and EST sequence assembler program (Chevreux et al., 2004,

http://www.chevreux.org/projects_mira.html). MIRA assembly was conducted under default

settings. Assembly was conducted on an 8 core 2.94 GHz Linux workstation with 96 GB of
RAM. File extraction, bioinformatics clean-up prior to sequencing and assembly of the sequence

reads conducted above were performed by Dr. Kyall Zenger.

Homology searches for these sequences were performed using BLAST (Altschul et al., 1990)
program available on the National Center for Biotechnology Information (NCBI) website
(http://www.ncbi.nlm.nih.gov/) in order to identify E. coli and pBeloBACII contamination, which
was then removed manually. The contaminant-free contigs were aligned to ISGC sheep sequence
version 1.5 using GeneDoc (Nicholas et al., 1997) as well as to bovine chromosome 10 (BTA10)
corresponding to the region of interest on sheep chromosome 7 (OAR7) using the Ensembl

Genome Browser (http://www.ensembl.org/; Hubbard et al., 2002). Detection of repeat elements

was carried out using the Repeatmasker program (Smit et al., RepeatMasker Open-3.0.

1996 - 2010 http://www.repeatmasker.org) against species Bovidae Btau4.0 as a reference repeat

database. Most of the bioinformatic analysis, including BLAST analysis and repeatmasking of
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the assembled sequence, was performed with the assistance of Drs Matthew Hobbs and Julie

Cavanagh.

5.3 Results

5.3.1 Screening of BAC clones

Ovine BAC clones were screened using PCR amplification, which generated two PCR products
for CNCS-CLNG6 and CALML4 (Exons 2-5) of expected sizes 7 kb and 3 kb, respectively (Figure
5.1).

270H8 35C9 270H8 35C9

7Kb
3kb

1kb

Figure 5.1: PCR amplification of CNCS-CLN6 and CALMLA4 regions using BAC clones 270H8 and 35C9 as
DNA templates. (M) Geneworks 1kb DNA ladder, (1,2) CNCS-CLN6 PCR product(3,4) CALML4 PCR product.
The so-called ‘smiling effect” needs to be considered for band size matching.

Purified DNA vyielded concentrations of 80 ng/ul and 54 ng/pl and OD2g/OD2g ratios of 1.65
and 1.35 for BAC clones 270H8 and 35C9, respectively. Multiple bands were present on the gel
signifying the different forms of DNA: the supercoiled BAC DNA (lower band), relaxed BAC
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DNA (midband) and a combination of nicked and damaged BAC DNA on the upper band
(Figure 5.2).

270H8 35C9

10kb

1kb

Figure 5.2: Quality assessment of ovine BAC DNAs for pyrosequencing. (M) Geneworks 1 kb Ladder, (1)
BAC clone 270H8, (2) BAC clone 35C9. A 5 pl aliquot of purified genomic DNA from a 250 pl eluate was
analysed by electrophoresis on a 1% agarose gel. The upper band shows damaged BAC DNA, the midband shows
supercoiled relaxed pure BAC DNA for sequencing (pointed by red arrow) and lower band shows the supercoiled
BAC DNA.

5.3.2 Sequence assembly

Sequencing of the ovine BAC clone 270H8 using the Roche 454 FLX instrument generated 2
million bases of reads with an average read length of 400 bp. These reads were assembled into
114 contigs at 13.49X fold coverage using MIRA default assembly parameters. This resulted in a
cumulative size of 152,641 bases with sequence contig sizes ranging from 40 (contig NCL_c61)
to 18863 bases (NCL_c3). There were 9,096 sequence reads used for assembly, 20 singletons
and 15 unassembled reads. After assembly, contigs of low quality and singletons were removed

before subsequent analysis. Raw data of the 114 contigs are supplied in Appendix 4.
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There were 1,248 asterisk symbols (*) found throughout the sequence contigs which represented
homopolymer (stretches of DNA of identical bases) errors. These were randomly located with
only 20% occurring before or after stretches of A/T nucleotides, and were removed manually
prior to sequence assembly. Once assembled, contigs in FASTA format were used as inputs into
the BLAST program. BLAST hits identified 29 BAC contigs which were smaller than 200 bp
and matched to the pBeloBACII BAC vector (Accesion no: U51113) and E.coli (GenBank
GenelD: 12319) bacterial genomic DNA sequences. These contigs were also removed manually
as they represent undesired BAC host vector and bacterial genomic DNA contamination leaving
85 contigs for assembly.

5.3.3 Gene content and representation in BAC sequence

Eighty-five contaminant-free BAC contigs were aligned against cattle BTA10 and visualised
using the Ensembl genome browser (Figure 5.3). For each contig, positions of the strongest
BLAST hits with more than 90% sequence identity were used for graphical representation on
BTA10 spanning 160,000 kb between BTA10:14,800,000-14,960,000 (Figure 5.3). Contigs
containing genes were annotated using sequences that matched with published bovine sequences:
CALML4 (GenBank GenelD: 539277), FEM1b (GenBank GenelD: 540252) and PIASL
(GenBank GenelD: 509231).

| 16000 Kb Forward strand jae-
[m— e e mm— o mm— m—m— mm— m— o m— ]
‘14.SEM|J | l4.8|2M|J . 14‘|84|l:|b 1486 Mb 1483 Mb 1490 Mk 1452 Wb 1494 Mb 1
[ L} 1 1 LILLI [L
Ensembl gene st | — 1||b
Ensembl gene HH H—H
AL ML ITGAL1
HH+—
CLN6
%GC T AP | P A Al A A
O Y P T v e R B O LA W o
[m— e mm— o mm— e mm— e m— o m— ]
1480Mb 1482Mb 1484 Mb 1486 Mb 1483Mb 1490 Mk 1452 Mb 1494 Mb 1
-aReverse strand 160.00Kb i

Figure 5.3: Alignment of the 454 sheep BAC 270H8 contigs against BTA10:14,800,000-14,960,000 (assembly
Btau 4.0) using the Ensembl browser. The image is in reverse DNA strands. The CLNG6 (in red font and yellow
highlight) is flanked by upstream genes FEM1b and ITGA11 and downstream genes CALML4 and PIASL. The grey
shaded regions spanning from PIASL to just downstream of ITGAL1 represent sheep BAC contigs that match well to
cattle reference sequence; unshaded areas in between show gaps in the sheep BAC contig sequences.
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5.3.4 Multialignment and generation of consensus sequence

Approximately 110 kb of sheep BAC sequence was generated using the 85 contaminant-free
BAC contigs with adjacent contigs aligned in multiple GeneDoc files. These were merged to
produce a sequence assembly, furthermore referred to as ‘initial sequence assembly’. This initial
sequence assembly was annotated manually using results from the BLAST analysis against
multiple reference sequences, these being the international sheep genomic sequence (ISGC)
versions 1 and 2, the published CLN6 sheep mRNA sequence (GenBank GenelD: 678673), the
unpublished sheep sequences obtained at Lincoln University and the CNCS sequence generated
earlier (Chapter 4). The initial sequence assembly was then used as a template to produce a final
consensus sequence assembly referred to as the ‘consensus sequence assembly’ which represents

the region of interest for the two upcoming sequencing approaches in Chapters 7 and 8.

The consensus sequence assembly was used as query in RepeatMasker to identify known repeats.
A total of 40,211 bp (36.35%) of the original 110,618 bp sequences were masked, leaving a final
sequence of 70,407 bases. Among the repeats identified, 15,624 and 16,317 bp were of short
interspersed nuclear elements (SINE) and long interspersed nuclear elements (LINE),
respectively, 4,127 bp were of long terminal repeats (LTR) and 3,020 bp were of DNA elements.

5.4 Discussion

The two ovine BAC clones 270H8 and 35C9 used for analysis in this study were screened for the
CNCS region and the CALML4 gene downstream to ovine CLNG6 prior to sequencing. This span
of sequences was identified to be of interest due to the hypothesis that the disease causing
mutation for ovine NCL in the South Hampshire sheep is in sequences flanking ovine CLN6
(Chapter 1.3). Compared to the labourious Sanger sequencing method used in sequencing the
CNCS (Chapter 4), the Roche 454 pyrosequencing method produced longer sequence reads
averaging 400 bp than those generated by Sanger (Mardis, 2008; Zhou et al., 2010), thus
allowing generation of a normal sheep genomic reference sequence. This reference sequence was

used for mutation screening approaches (Chapter 6 and 7).
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Purified DNA from ovine BAC clone 270H8 was chosen as the sequencing template instead of
BAC clone 35C9. Clone 35C9 had a OD260/280 reading of 1.35 which suggested a high level of
protein contamination. DNA purity is a critical factor for consideration (Liu et al., 2013) as it is

likely to impede sequencing.

Agarose gel electrophoresis analysis of both BAC DNAs revealed the presence of different
forms of DNA including the supercoiled BAC DNA, the purified BAC vector and an insert,
which theoretically should have been removed during purification. The relaxed DNA mid band
was the purified contaminant-free genomic DNA required for the sequencing project, whereas
the slowest traveling DNA in the agarose gel (upper band) was the combination of
nicked/sheared damaged DNA, and a smear of BAC DNA which does not hybridize with probes
on the gDNA and migrate easily into the gel. The band closest to the well was likely to be an
analysis artifact (H. Zhou pers. comm.). A better method for analysis and estimation of the size
of large DNA construct such as BAC clones is to use a standard agarose with a supercoiled DNA
ladder or to use pulse field gel electrophoresis (PFGE; Herschleb et al., 2007); neither of which

were available in our laboratory at that time.

The DNA from BAC clone 270H8 was sent for sequencing after the high throughput DNA
sequencing unit confirmed that the quantity and quality of the DNA was sufficient. In this case,
sheared DNA and minor contaminations were not of concern. The DNA was destined to be
fragmented and ‘over sequenced’ such that it had excessive sequence coverage for the region.

Further information on the 454 sequencing chemistry has been described in Chapter 1.6.2.1.

Homopolymer length sequencing error is very common in 454 sequencing reads, constituting
39% of error rates, as stated by Huse et al. (2007). These errors occur due to the unique
technique of sequencing for the 454 platform as nucleotide bases are not called directly as in
Sanger sequencing but rely on the intensity of lumimenscence brightness emitted each time a
nucleotide is added to the DNA strand (Mardis, 2008). Manual removal of these homopolymers
prevents possible problems with sequence assembly, as the length variation can generate

ambiguity when encountered causing long stretches of one or more nucleotides.
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In finalising this assembly, there were circumstances when nucleotide bases varied between
aligned sequences. To call the correct nucleotide base several conditions were followed to
finalise consensus between ISGC, CLN6 and CALML4 published mRNA, unpublished genomic
DNA and BAC sequencing. Only when these conditions were met was the particular nucleotide
base called. In some regions the sequence may not have been fully accurate and in that particular
situation the best sequence was called. There may be errors or miscalling of some bases in the
final 110 kb consensus sequence as base calling decisions were made based on the resources
available at that time. Several conditions ensured that the basecalling method was standardised

throughout the sequence assembly. These conditions were as follows:

i.  During alignment, if within a region only BAC sequence was present with no other
sequence backup then the BAC sequence was called
ii. If a single nucleotide varied between all reference sequences then the sheep BAC
nucleotide was called
iii.  If the BAC sequence contains ambiguity of ‘N’ but there are specific nucleotides in
another reference sequence (even from one source) the sequence from the other source

was called.

The sheep sequence in the publicly available ISGC and GenBank databases was incomplete
when the study began in 2010. Thus the Roche 454 sequences generated from this study bridged
gaps and enriched sequence information of the genome specifically in the CLN6 region of
interest, which was crucial to provide reference sequence for mutation screening (Chapters 7 and
8).

In conclusion, the Roche 454-pysequencing of ovine BAC was cost effective, efficient and

provided approximately 120 kb of ~14X coverage sequence of normal sheep genomic reference

sequence.
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CHAPTER 6: MUTATION SCREENING
APPROACH 1: SEQUENCE CAPTURE FOR
TARGETED SEQUENCING

6.1 Introduction

The generation of new ovine sequences (Chapters 4 and 5), supplemented with known ovine
sequences from published and unpublished sources greatly enriched sequence information within
and flanking ovine CLNG6. A consensus sequence formed using a combination of these sequences
was subjected to two mutation screening approaches, to be described in this and the following
chapter (Chapter 7). The mutation screening approach described in the present chapter is based

on NGS sequencing of enriched genomic DNA that was captured using sequence capture.

6.2 Materials and methods

6.2.1 Sheep genomic DNA samples

Genomic DNA samples from three affected, two carriers and a normal sheep from the NCL
South Hampshire (SH) research flock were prepared by Nadia Mitchell, Lincoln University, New
Zealand (Table 6.1). The DNA was isolated from pelleted sheep blood leucocytes with the
Qiagen QlAamp DNA mini kit and the DNA eluted in the supplied Qiagen AE buffer (10 mM
Tris.Cl; 0.5 mM EDTA,; pH 9.0), and stored at -80°C prior to shipment. These DNA pellets were
dissolved in 600 pl TE buffer. DNA was quantified using the NanoDrop ND-1000
spectrophotometer (NanoDrop Technologies Inc, Thermo Scientific, USA) and produced
0D260/280 ratio readings between 1.83 and 1.89. Genomic DNA samples were shipped in 1.5
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ml microcentrifuge tubes individually sealed with parafilm and shipped in August 2009 at RT to

LC Sciences, Houston, Texas, USA.

Table 6.1: Sheep genomic DNA used for sequence capture.

No ID Breed Relationship between animals | Genotype* | Phenotype
1 CPW156 Coopworth *GG Normal (N)
2 | SH1022/07 | South Hampshire *AA Affected (A)
3 | SH1032/08 | South Hampshire *AG Carrier (C)
4 | SH1033/08 | South Hampshire full sibs *AA Affected (A)
5 | SH1038/08 | South Hampshire *AG Carrier (C)
6 | SH1039/08 | South Hampshire full sibs *AA Affected (A)

*Genotype identified using the indirect DNA test for NCL in South Hampshire sheep (Tammen et al., 2006)

6.2.2 Targeted high-throughput sequencing
6.2.2.1 Creation of custom designed microarray chip

The sequence capture method used in this study is essentially based on capture of fragmented
and amplified genomic DNA via hybridization to customised probes on the pParaflo microarray
chip. Sequence capture was conducted by LC Sciences following the service provider’s sample
preparation protocol and a previously described protocol

(http://www.Icsciences.com/applications/genomics/targeted-genome-sequencing/targeted-

sequencing/).

The consensus reference sequence was narrowed down to a region of 73,072 bp (Appendix 5) to
focus on CLNG6 and its flanking genes upstream and downstream. The 73,072 bp sequence
(referred to as “capture reference sequence’ from here onwards) comprised of ovine genomic
sequence CLN6, Femlb and CALMLA4.

The capture reference sequence was screened for repetitive elements using the RepeatMasker
program (http://www.repeatmasker.org/) version open 3.2 run at default mode against bovine
Btau4.0 repeat library files available on RepBase Update 20090120 (Jurka et al., 2005;
http://www.qirinst.org/). No ovine repeat library is available in this software tool. Repetitive

elements were masked by replacing the repetitive nucleotides with N’s. BLAST searches against
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the bovine btau4 assembly identified additional small regions that aligned to multiple regions in
the genome and these were masked with the  maskedseq  program

(emboss.sourceforge.net/apps/release/6.1/emboss/apps/maskedseqg.html) with assistance from Dr.

Matthew Hobbs. The final masked sequence is called “masked capture reference sequence’. The
masked capture reference sequence of 41,313 bp was used by the service provider to design the

customised probes for the pParaflo microarray chip.

For quality control (QC) purposes Quantitative PCR (q-PCR) was conducted to allow assessment
of effective enrichment and validation of successful probe design. A total of nine regions were
used and primers are listed in Table 6.2. Four of the regions and primers were chosen by the
service provider (PF02, PF22, PF23 and PF29) and an additional five regions were provided to
the service provider (Q12, Q23, Q31, Q45 and Q54).

Table 6.2: Primer sequences for amplification of nine Quantitative PCR (q-PCR) regions.

Q-PCR Primer PCR product
region Primer direction Sequence 5'>3" length (bp) length (bp)

Q12 forward ACATGAAAGGAGGATTTGAGGCAG 24 31
reverse CTACCTCGCCTTCCCTGC 18

Q23 forward GCAACAGTGTCGGTAAAGCC 20 38
reverse GGGAATGCTAATAGAAGAGACAGCG 25

Q31 forward CGGGCTGCTGAACTCTCAAG 20 25
reverse TGCCTGTTGAAGTCTTGAGTGG 22

Q45 forward CTGCTGTCAAATTTCACCAGTCAC 24 36
reverse TCTGGGTGGCATAACATTAACTGC 24

Q54 forward TGTTTCTTCTATTGTGAGCAGTGGC 25 26
reverse AGAATGTTTCCAAGTCAGCAAGGT 24

PF02 forward AAAGGCCCATCATTACCGGAG 21 56
reverse AGAGGCTGCAATTTCTGGGTAG 22

PF22 forward GGAAACCCACTGTGCCTAGC 20 43
reverse CAGGGTGATACTGTCGTGGTT 21

PF23 forward CGACATTTCCCAGAACCCTCT 21 36
reverse GCACCTGCCTTCGGAATCTC 20

PF29 forward CCAGAACAAAGGAGAGGCGTC 21 52
reverse TTCCCCACAAACTCTGGCAT 20
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6.2.2.2 Capture and enrichment of the target sequence

At the service provider, capture and enrichment of the genomic DNA samples were conducted
according to the sample preparation protocol by LC Sciences. The protocol is summarised

below.

Firstly, the gDNA samples (~2 pg each) were fragmented using NEBNext dsDNA Fragmentase
(M0348, New England Biolabs), purified with QIAquick PCR spin columns (Qiagen, Australia)
and eluted with 30 pl of EB solution. Overhangs of the DNA fragments were converted to blunt
ends using E.coli DNA ligase, T4 DNA polymerase, and Klenow enzyme (NEB) at 20°C for 30
minutes, then purified and eluted. An *A’ base was then added to the 3’ end of the blunt
phosphorylated DNA fragments using NEB’s Klenow fragment (3’ to 5’ exo minus) at 37°C for
30 minutes, they were then purified and eluted. Fragments were ligated to adapters (Illumina,
Australia), which have single *T’ base overhangs at its 3’ end, with the molar ratio of adapter to
DNA fragments as 10:1. The ligated DNA fragments were then loaded to a 2 % TAE agarose gel
and run at 120V for 30 minutes. The major band ranging from ~150 to 500 bp was excised and
extracted using a QIAquick gel extraction kit, and was eluted in 30 ml of EB buffer. The DNA
fraction of 150-500 bp was amplified by PCR (15 cycles) using the Illumina common PCR
primer pair
5’AATGATACGGCGACCACCGAGATCTACACTCTTTCCCTACACGACGCTCTTCCGAT

CT(N)AGATCGGAAGAGCTCGTATGCCGTCTTCTGCTTG3 (forward) and 3
TTACTATGCCGCTGGTGGCTCTAGATGTGAGAAAGGGATGTGCTGCGAGAAGGCTA

GA(N)TCTAGCCTTCTCGAGCATACGGCAGAAGACGAAC 5' (reverse) (with “N” refering
to where the DNA fragments were inserted), with Phusion polymerase (NEB), followed by
purification with a QIAquick PCR spin column (Qiagen). The amplified DNA fragments were
used as templates to generate single-stranded DNA (ssDNA) fragments by single strand PCR
using only the forward PCR primer from the common PCR primer pair. The ssSDNA fragments

were then purified.
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Capture of targeted DNA fragments was then performed. To sum up, the single-stranded PCR
products, three spike-in controls (Table 6.3), and 0.1 mg/ml Bovine serum albumin (BSA,
Sigma-Aldrich) were added to a DNA hybridization buffer. The prepared DNA solution (pre-
hyb, sample, total ~10 pug DNA inside) was loaded by a circulation pump to a pParaflo
microarray chip with DNA probes designed to capture the targeted DNA fragments. The pre-hyb
sample was hybridized inside the chip at 30°C for 24 hours. Before hybridization, a small portion
of the same pre-hyb samples was kept for g-PCR analysis.

Table 6.3: Sequences for three spike-in controls added to a DNA hybridization buffer during sequence
capture.

Sequence | Sequence 5'>3' Length
name
CtrOM45 | GACCACGAGCATAGGATCCGTAACATTAGCAGAGCGAGGTATGTA 45

CtrOM65 | ACCACAGTCCATGCCATCACAGCACACTTATAGATCGTCATAACATTAGCAGA | 65
GCGAGGTATGTA

CtrOM85 | CCAGGCATTCCTATCAGTCTCCACTCAAGTATCATCCAGGAAATATGTGCGGT | 85
GTACATCTAACATTAGCAGAGCGAGGTATGTA

After hybridization, the chip was washed with manufacturers’ buffers and RNase-free water in a
1.5 ml centrifuge tube to strip the chip. After water stripping, the chip was eluted with water.
When completed, all the water used (~400 ml) was combined and dried in a Speed-Vac at 60°C
for 45 minutes. The dried pellet was hydrated in 100 pl of RNase-free water and vortexed for 2

minutes.

The enrichment phase comprised of further amplification of the eluted sample by PCR (14
cycles) using the common PCR primers. The purified amplified captured DNA (post-hyb

sample) is called the final sample prepared for sequencing.

Enrichment of the captured DNAs was verified by g-PCR using Power SYBR Green PCR
Master Mix (Applied Biosystems) on the ABI Prism 7000 (Applied Biosystems). The reactions
were performed in triplicate. To determine the total DNA amount of the two samples, the
common PCR set was used as g-PCR primer to obtain the g-PCR cycle number of the two
samples. To determine the amount of internal targeted DNA regions inside the two samples, only
seven specific g-PCR primer sets (PF02, PF22, Q12, Q23, Q31, Q45 and Q54; Table 6.2) were

used to obtain q-PCR cycle numbers of these seven DNA regions. The enrichment ratio of the

133



internal targeted DNA fragment of pre-hyb and post-hyb samples was determined using a
formula (Figure 6.1).

R _ a % 2 (Crnmi,pn:.r _CI; Fgar ,po;!)_(c-'rﬂ i, pre Cnargar:prw )
enrichment —

where

a: dilution factor, in thus case, a=100;

CT ot post: cycle number of post-hyb sample using the common PCR primer set;

CT ot pee: cycle number of pre-hyb sample using the common PCR primer set;

CTracget pose: cycle number of post-hyb sample using a specific -PCR primer set for one targeted DNA region;
Cnget_p“: cycle number of pre-hyb sample using a specific -PCR primer set for one targeted DINA region;

Figure 6.1: Formula to determine enrichment ratio of the internal targeted DNA fragment of pre-
hybridization (pre-hyb)and post-hybridization (post-hyb) samples.

Captured DNAs from the genomic samples were sent to the High throughput DNA sequencing
unit at the University of Otago, Dunedin, New Zealand for next-generation sequencing with the
GS FLX system (454 Roche, USA).

6.2.2.3 Next-generation sequencing of captured DNAs

Following evaluation of the capture DNA fragments by agarose gel electrophoresis, fragments
from each of the four genomic samples were processed into individual capture libraries. Each
library consisted of a set of single-stranded template DNA fragments representing the entire span
of the individual sample sequence. Each library was flanked by appropriate amplification and
sequencing Multiplex ldentifier (MID) adaptors, then purified and quantitated. These unique
Roche rapid library MID adaptors were assigned to each library using a standard blunt-end
ligation protocol during the preparation of DNA libraries for sequencing on the GS FLX system
(454 Roche, USA). Each of these adaptors contained a unique 10 base sequence that is

recognised by the sequencing analysis software, allowing for automated sorting of MID-
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containing reads to the correct library. Tagging multiple libraries with unique MIDs allowed the
samples to be amplified and sequenced together, in a single region of the PicoTiterplate (PTp)
device. The RL 1 to 4 MID adaptor sequences are shown in Table 6.4. Sequencing of the
samples was processed using the GS FLX system (454 Roche, USA) Titanium chemistry on a

1/8 PTp device in a single run.

Table 6.4: Sequence of the Roche rapid library MID attached to four capture libraries.

Sheep
MID Sequence 5'>3" genomic
codes ;

library

RL1 ACACGACGACT | SH1033/08
RL2 ACACGTAGTAT SH1038/08
RL3 ACACTACTCGT SH1039/08
RL4 ACGACACGTAT CPW156

6.2.3 Bioinformatic analysis

All resulting sequence data were analysed with the assistance of Dr. Matthew Hobbs. Initial
bioinformatic analysis used the GS FLX Reference Mapper (GS Mapper) assembly package (ver.
2.2.22.20). As the MID codes remained in the sequence reads, preferences were set up to specify
which MID codes were in the reads so that the software will ignore them and just analyse the
sequence after the codes. The spike-in control and common sequences were also filtered prior to

assembly of the captured sequences.

6.3 Results

6.3.1 Design of the custom microarray chip

As indicated in the introduction section, a consensus reference sequence of 73,072 bp was
chosen to focus on CLNG6 and its flanking genes Femlb and CALMLA4. Prior to designing the
microarray probe, repeat sequences needed to be removed to avoid capture and
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overrepresentation of repetitive DNA elements not related to the region of interest.
RepeatMasker identified a total of 30,652 bp (41.95 % of the total sequence) that corresponded
to known bovidae repeats. These included 29,733 bp total interspersed repeats (12588 SINEs,
11684 LINEs, 3257 LTRs and 2204 DNA elements), 75 bp small RNA sequence, 506 bp of
simple repeats and 338 bp low complexity sequences. Additional 1,101 bp was removed with
maskedseq program. This resulted in a total of 31,753 bp sequences masked from the original
sequence using both RepeatMasker and maskedseq programs, leaving 41,319 bp of unmasked
sequences used for design of the customised probes for sequence capture. This masked sequence

is referred to as masked capture reference sequence.

The g-PCR analysis of the genomic samples was implemented at the service provider to validate
the capture reference sequence prior to sequence capture. Initially two (CPW156 and SH1033) of
the six genomic DNAs were randomly chosen for this purpose. Four pairs of primers which were
designed based on the masked capture reference sequence were used to validate four sections
(PFO2, PF22, PF23 and PF29; Table 6.2) of the target sequence in the genomic DNA samples.
Only two of the four primer pairs resulted in successful amplification (PF02 and PF22). This
raised concerns about the quality of the reference sequence. Therefore, an additional five regions
were identified, which represented regions in the CLN6 (n=2), CALML4 (n=1) as well as FEM1b
(n=2).

The seven g-PCRs amplified PCR products of expected length. This suggested that the reference
sequence was of sufficient quality to proceed. The recent availability of the ovine genome
assembly Oar v3.1 has since verified that the failure of the two g-PCR primer pairs PF23 and
PF29 was not due to inaccuracies in the masked capture reference sequence. BLAT search of
these g-PCR regions against the USCS genome browser ovine ISGC OAR7 ver. 3.1 assembly
aligned to the predicted ovine regions at position 14,820,671 - 14,829,744
(https://genome.ucsc.edu/cqi-

bin/hgGateway?hgsid=385998333 5bl7eEll7bMPJiSBIz4gaxAR4zP5&clade=mammal&org=Sh

eep&db=0) verified the sequence was correct and did not include any known repeats.
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6.3.2 DNA capture and enrichment

Gel electrophoresis of the captured and enriched DNAs (Figure 6.2) identified the expected
smear of fragments as well as a distinct band of less than 200 bp in all the animals.
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Figure 6.2: Agarose gel image of the captured products including three synthetic spike-in controls. The
identification of each animal is shown at the top of the gel image (phenotypes in brackets, N= normal; A= affected;
C= carrier). Relevant fragment sizes of the DNA marker (M) are shown on the left-hand side of the 1% TAE-
agarose gel and elctrophoresised at 120V for 30 min. The band less than 200 bp are amplified spike-in controls.

The high prevalence of the band of less than 200 bp was deemed problematic by the service
provider as it suggested interference likely to be related to the spike in control added to the DNA
hybridization buffer. Therefore the band was recommended to be removed using gel-cut
purification prior to sequencing. However, as the NGS service provider anticipated that the 454
sequence would be followed up with an additional run for deeper sequencing at high coverage

and that these sequences could be removed prior to assembly, the bands were left in.
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Verification of enrichment of the target sequences was analysed using the q-PCR to calculate the
enrichment ration pre and post hybridization using common PCR primers as well as the seven
targeted g-PCR primers (Table 6.2).

Enrichment ratios, which are the relative quantities of the seven specific DNA fragments of the
captured fragments after enrichment compared to before enrichment from each of the six
genomic samples, are listed in Table 6.5. The enrichment ratios varied greatly across and within
animals, with a range between 10 and 26,580,339. Based on the ratios, only four genomic
samples comprised of two affected (SH1033/08, SH1039/08), a carrier (SH1038/08) and a
normal sheep (CPW156) were chosen for sequencing as their ratios are considered to be within

the normal range recommended by the service provider.

138



Table 6.5: List of enrichment ratios of seven specific DNA fragment controls.

Targeted CcT CcT cT cT Dilution Enrichment

Index Sample 1D Fragment [tota_l.eost} (target.post total.pre) {target.gre] Fact_or R._atio

1 SH1022/07 2 10.11 23.35 12.95 26.35 100 112

2 SH1022/07 Q23 10.11 2465 12.95 31.79 100 1,970

3 SH1022/07 Q31 10.11 2471 12.95 31.24 100 1,291

4 SH1022/07 Q43 10.11 28.13 12.95 32.76 100 346

5 SH1022/07 Q54 10.11 33.70 12.95 33.15 100 10

6 SH1022/07 PFO2 10.11 26.38 12.95 31.70 100 558

7 SH1022/07 PF22 10.11 26.78 12.95 32.81 100 913

8 SH1032/08 12 10.59 23.42 14.58 25.95 100 36

9 SH1032/08 Q23 10.59 25.70 14.58 31.85 100 447

10 SH1032/08 Q31 10.59 23.61 14.58 30.69 100 851

11 SH1032/08 Q45 10.59 26.96 14.58 32.40 100 273

12 SH1032/08 Q524 10.59 31.26 14.58 33.35 100 2V

13 SH1032/08 PFO2 10.59 25.57 14.58 32.25 100 645

14 SH1032/08 PF22 10.59 24.54 14.58 31.79 100 958

15 SH1033/08 12 13.81 24.44 14.25 26.72 100 291

16 SH1033/08 Q23 13.51 27.44 14.25 33.04 100 2,904

17 SH1033/08 Q31 13.81 24.99 14.25 31 100 4,164

18 SH1033/08 Q45 13.51 31.00 14.25 34.33 100 602

19 SH1033/08 Q54 13.51 35.68 14.25 35.02 100 38

20 SH1033/08 PFO2 13.91 27.44 14.25 31.97 100 1,383

21 SH1033/08 PF22 13.91 2342 14.25 37.05 100 739,061

22 SH1038/08 12 13.63 23.00 13.95 30.24 100 12,110

23 SH1038/08 Q23 13.63 25.64 13.95 35.78 100 90,389

24 SH1038/08 Q31 13.63 23.39 13.95 31.83 100 27,820

25 SH1038/08 Q45 13.63 2512 13.95 38.94 100 1,158,524

26 SH1038/08 Q54 13.63 28.61 13.95 31.59 100 632

27 SH1038/08 PFO2 13.63 25.15 13.95 40.00 100 2,365,734

28 SH1038/08 PF22 13.63 22.05 13.95 40.39 100 26,580,339

29 SH1039/08 Q12 14.15 2207 14.86 31.53 100 43,054

30 SH1039/08 Q23 14.15 23.67 14.86 37.49 100 884,104

31 SH1039/08 Q31 14.15 2274 14.86 35.98 100 591,433

32 SH1039/08 Q45 14.15 24.49 14.86 39.71 100 2,333,164

33 SH1039/08 Q54 14.15 26.85 14.86 39.34 100 351,668

34 SH1039/08 PFO2 14.15 23.61 14.86 38.90 100 2,449,181

35 SH1039/08 PF22 14.15 2252 14.86 40.00 100 11,175,656

36 CPW 136 Q12 13.39 26.10 14.80 27.40 100 93

37 CPW156 Q23 13.39 25.99 14.80 32.69 100 3,912

38 CPW156 Q31 13.39 24.25 14.80 37T 100 6,907

39 CPW156 Q45 13.39 28.48 14.80 33.23 100 1,013

40 CPW156 Q54 13.39 30.52 14.80 33.74 100 351

41 CPW156 PF0O2 13.39 25.87 14.80 32.98 100 5,198

42 CPW 156 PF22 13.39 24.47 14.80 38.88 100 819,200
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6.3.3 Sequencing of the captured DNAs

Four (SH1033, SH1039, SH1038 and CPW156) out of the original six genomic samples were
sequenced using the GS FLX system Titanium chemistry. Samples for sequencing were
comprised of fragmented DNAs of about 700 bp in length at a total amount of 500 ng per
captured genomic sample. The number of reads generated was 27,247 kb and 86,044 kb for
affected sheep SH1033 and SH1039 respectively, 59,175 kb for carrier sheep SH1038 and
151,528 kb for normal sheep CPW156.

After filtering the spike-in control sequences, common sequences and MID barcodes, initial
assembly using the GS FLX GS Mapper software mapped only 10% of the reads from each
genomic sample back to the capture reference sequence. The majority of the sequences were
short and mapped to various regions of the reference sequence at low coverage. A preliminary
search for CLNG6 sequence identified that not all regions of CLN6 were present and that those

regions were not covered by sufficient sequencing depth to permit mutation screening.

6.4 Discussion

At the time of research, the mutation screening technology was relatively new and was deemed a
revolutionary process for enrichment of selected genomic regions from full complexity human
genomic DNA. Although it was initially used for the human genome, this technology was
considered for our study given the lack of genome information surrounding and within ovine
CLN6. However, due to limitations discussed below this approach was not successful in this
project. Only 10% of reads were mapped back to the capture reference sequence and those

regions that were present were not covered in enough depth for mutation screening.

Conventionally, targeted sequence variation discovery is achieved by Sanger sequencing of PCR
products (Stephens et al., 2006). This was attempted early in the research with little progress

(Chapters 3 - 5). In recent years, new technologies have emerged that capture targeted sequences
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within the genome resulting in an enriched pool of target sequences and potentially greater
sequence coverage for each targeted region during sequencing (Summerer, 2009; Grover et al.,
2012). Technologies used for capture and enrichment of the target sequences have been reviewed
(Mamanova et al., 2010; Grover et al., 2012; Summerer, 2009).

Little was known about sequence capture limitations because this technology was new at the
time of study in 2009 - 2010. Reviews have shown the technology to produce variation of
capture uniformity that results in dropout of difficult regions, which in turns provides insufficient
capture to allow for full coverage of the targeted regions at a depth allowing for reliable
nucleotide calling (Summerer, 2009). Repetitive sequence targeted regions are also best avoided,
which complicates capture design in many cases where flanking regions are low complexity
sequence (Summerer, 2009). Application of targeted genomic enrichment technologies as a
diagnostic tool has also been found to be challenging because there is lack of definitive
parameters for QC of the sequence data (Chou et al., 2010). With no reliable cutoff threshold set
for determining true sequence variants, heterozygous-allele call cannot be established
confidently in cases when various variants are detected (Chou et al., 2010). There was also very
few, if any, established companies with experience doing sequence capture on organisms with
more limited genomic resources. A local company (Roche NimbleGen) had the technology but
was not equipped for working with non-human species (C. French pers. comm.). The service
provider for this study is located overseas and due to inexperience with working with the sheep
genome combined with novelty of the technology itself, was unable to provide sufficient

consultation throughout the experiment and satisfactory bioinformatics support with data.

In comparison to conventional whole genome sequencing and Sanger sequencing to discover
causative mutations, sequence capture is relatively more cost-effective and requires less labour
with the resulting data considerably less cumbersome to analyse (Mamanova et al., 2010;
D'Ascenzo et al., 2009). This technology has been shown to be more beneficial when working on
organisms whose genome sequences are readily available, rather than organisms that possess few
genomic resources (Grover et al., 2012). At the time of study, constraint was imposed by limited
availability of sequences flanking ovine CLNG due to the ovine genome assembly Oar v1.0 being

in its first working draft.
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The ovine BAC sequence obtained in Chapter 5 covered the region of interest (CLN6 and
flanking genes) and when aligned with known sequence from published and unpublished
sources, enabled the generation of a reference sequence for this mutation screening approach.
However, as indicated in Chapter 5, the reference sequence had its limitations. Merging of
contigs and semi-manual alignment of sequences using the Genedoc program might have
introduced errors and some genome areas that are difficult to sequence due to GC richness might
not have been accurately represented. However as will be shown in future chapters (Chapter 7

and 8), the overall reference sequence was reasonably good quality.

One of the most important aspects of the sequence capture approach is accuracy of the capture
probe sequence to ensure that the custom probe targets specific regions of interest in the genome.
Targeted regions that contain highly repetitive sequence complicate sequence capture design and
reduce specificity of binding capacity during hybridization (Summerer, 2009) which results in
capture of high abundance of non-target regions in the genome. Thus, repeat masking is essential
prior to customised capture probe design. However repeatmasking of sequences using
RepeatMasker was not available for the ovine genome, instead those of bovidae were used which
might possibly not cover all ovine specific repeats. Similarly, additional Blast analysis was
conducted against corresponding bovidae repeats. With only 10% of the captured sequence
mapping back to the reference sequence, this likely indicates the presence of repeats which were
not efficiently masked during filtering of sequence prior to capture array design. With poor
capture specificity; it was highly unlikely that the information would be useful for mutation
screening. However, reanalysis with RepeatMasker in August 2014 have now identified that not
all repeats were masked. A recent run identified additional 3,279 bp of repeat sequence which is

likely to explain the high level of undesired sequence reads generated with this technology.

The suggested normal range of enrichments between 1,000 to several tens of thousands by the
LC Sciences (Dr. Q. Zhu pers. comm.) led to choosing of only four genomic samples
(SH1033/08, SH1038/08, SH1039/08 and CPW156) with relatively high ratios across most or all
DNA fragments for sequencing. These samples were considered to have achieved sufficient
levels of enrichment, and thus be suitable for sequencing. The extremely high variations of

enrichment ratios within and between animals suggest that the procedure might need further
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optimisation. Because non-uniformity of sequence capture is a known drawback with this
technology, this could likely explain the overcapture of some regions which are potentially
redundant reads, as compared to dropout of regions deemed difficult (Summerer, 2009) including

those with repetitive sequences and high GC content (Porreca et al., 2007).

Using this technology also meant introduction of long non-informative sequences from the
service provider into the NGS reads (Summerer, 2009). This included chemically synthetic
spike-in control oligonucleotides, Roche MID tags and the common sequence. Although removal
of the additional 200 bp amplified bands was recommended using additional laboratory steps, the
alternative option of filtering these sequences prior to captured sequence assembly was taken due
to anticipation that the GS FLX system (454 Roche, Australia) would generate sufficient
coverage of the targeted region. However, due to already numerous other challenges described
above, presence of these additional sequences further complicated bioinformatic analysis and

limited data output (Summerer, 2009).

Considerable delays impeded the smooth running of this study at various stages. This included
last minute change of the service provider’s accessibility to a sequencing service which
necessitated finding another company available at short notice. Eventually the captured samples
were shipped to New Zealand for sequencing. Overall the study took approximately ten months
(between October 2009 and July 2010), from shipping the sheep genomic DNA to obtaining

sequence reads.

Despite limitations outlined above, this technology has the potential to be an invaluable tool for
detection of disease causing variants if a compromise can be achieved between sequence capture
specificity and uniform coverage of the targeted region (Mamanova et al., 2010; Porreca et al.,
2007). Efficient discovery of causative mutations have been documented (Guelly et al., 2011;
D'Ascenzo et al., 2009).

As the data for the second mutation screening approach (LR-PCR amplification and sequencing
described in Chapter 7) became available throughout the initial data analysis, and as serious
concerns with the depth and completeness of coverage for this study became obvious early,

further data analysis of this incomplete data set was abandoned.
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CHAPTER 7 MUTATION SCREENING
APPROACH 2: NGS SOLID SEQUENCING OF
LONG-RANGE PCR PRODUCTS

7.1 Introduction

The mutation screening approach described in this chapter was conducted in parallel with the
mutation screening approach employed using sequence capture and re-sequencing (Chapter 6).
The present approach does not involve masking repeat sequences, utilises a different NGS
platform, and targets the whole genomic region of the CLNG, as well as the flanking sequences
which include CALML4, using long-range PCR (LR-PCR). Amplicons from NCL affected,
carrier and normal (control) sheep were then sequenced using the ABI SOLID NGS platform

(Applied Biosystems, USA) and analysed using bioinformatic tools.

7.2 Materials and methods

7.2.1 Sheep genomic DNA

Genomic DNA from three affected, two carrier and one normal sheep from the NCL South
Hampshire (SH) research flock, as well as an affected and a normal sheep from the NCL Merino
research flock, were used for LR-PCR amplification and sequencing (Table 7.1). These DNA
samples comprised of five South Hampshire and one normal Coopworth sheep (provided by
Prof. David Palmer at Lincoln University, Christchurch, New Zealand) and from two Merino
sheep from the University of Sydney. Genotyping of these sheep with direct and indirect DNA
tests for NCL is described earlier in this work (Chapters 2.1.1 and 2.1.2).
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Table 7.1: Animals used for LR-PCR amplification and SOLIiD sequencing.

No Sheep Breed Relationship | Genotype | Phenotype | Total amount of
ID between DNA
animals
1 CPW156 Coopworth *GG normal 30 mg
2 | SH1022/07 South Hampshire *AA affected 32 mg
3 | SH1032/08 South Hampshire full sibs *AG carrier 35mg
4 | SH1033/08 South Hampshire *AA affected 34 mg
5 | SH1038/08 | South Hampshire full sibs *AG carrier 38 mg
6 | SH1039/08 | South Hampshire *AA affected 28 mg
7 LO6 Merino full sibs **CC normal 20 mg
8 LO7 Merino **TT affected 20 mg

* Genotype identified using the indirect DNA test for exon 7 polymorphism in South Hampshire sheep (Tammen et
al., 2006)

** Genotype identified using the direct DNA test for exon 2 missense mutation in Merino sheep (Tammen et al.,
2006)

The South Hampshire and Coopworth sheep DNA samples provided were isolated by Nadia
Mitchell (Lincoln University, Christchurch, New Zealand) from pelleted sheep blood leucocytes
using the Qiagen QlAamp DNA mini kit (Qiagen, Hilden, Germany) described earlier (Chapter
2). DNA was quantified using the NanoDrop ND-1000 spectrophotometer (NanoDrop
Technologies Inc, Thermo Scientific, USA) and dried by freezing in a high vacuum (lyophilised)
into a DNA pellet before transport to the University of Sydney. Each DNA pellet was
resuspended in 1XTE (Tris-EDTA, pH 8.0, Amresco, Ohio, USA) to achieve a final
concentration of 50 ng/ul prior to use as DNA template for LR-PCR amplification. DNA
samples from Merino sheep, available from a previous study (Houweling, 2009), were quantified
using a NanoDrop ND-1000 spectrophotometer and diluted to 50 ng/ul prior to use as a DNA
template for LR-PCR amplification.
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7.2.2 LR-PCR primers and protocol

7.2.2.1 LR-PCR Primers

Sixty standard primers (average of eight primers for each PCR amplification region) covering the
region of interest were designed for initial long-range PCR amplifications and commercially
synthesised by Sigma-Aldrich (Australia). These primers were paired for PCR using various
combinations and PCR conditions. After optimisation, twenty-eight primers were successful in
generating contiguous partially overlapping PCR products (Figure 7.1). As a requirement for
SOLID sequencing, primers were re-synthesised with an amine-modification, where an amine
group was incorporated on the 5’-terminus. These modified primers were synthesised
(Invitrogen, Life Technologies, USA) and purified by high performance liquid chromatography
(HPLC). Modified primer pairs required re-optimisation of the PCR conditions. The final

optimised PCR conditions for all PCR reactions are shown in Table 7.2.

7.2.2.2 LR-PCR protocol

The KOD Hot Start DNA Polymerase kit (Merck Biosciences Limited, Australia) and supplied
reagents were used for LR-PCR amplification. Each LR-PCR had a total reaction volume of 50
pl of 1X KOD Buffer, 25 mM MgSO4, 0.2 pM dNTP, 10 pmol of each primer (using
combinations of primers set out in Table 7.2), 0.2 U of KOD Hot Start DNA Polymerase (Merck
Biosciences Limited, Australia) and 50 ng of genomic DNA. The PCR reaction for product “2ir’
(Table 7.2) contained the addition of dimethyl sulfoxide (DMSO) to a final concentration of 5 %
v/v. LR-PCR was performed in multiple 50 pl PCR reactions (five to twenty reactions per animal
for each PCR product) to generate a minimum of 70 ng of each LR-PCR product per animal. The
standard PCR protocol was initially performed for all the PCR amplifications. For templates that
were difficult to amplify, particularly ‘C4dr’, *1hr’ and *Clcr’, the touchdown protocol was

additionally used to enhance specificity and product formation.
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The standard protocol was 95°C for 2 min, 29 cycles at 95°C for 20 sec, various annealing
temperatures (Table 7.2) for 10 sec, 70°C for 2 min, an additional extension at 72°C for 1 min
followed by cooling down at 4°C for 15 min. The touchdown protocol was 95°C for 2 min, 10
cycles of 95°C for 20 sec, annealing temperatures starting at 70°C for 20 sec and extension at
72°C for 45 sec. This was followed by 22 cycles (‘Clcr’, ‘C4dr’) or 27 cycles (*1hr’) of 93°C for
20 sec, annealing temperatures of 60°C for 20 sec and extension at 72°C for 45 sec, with a final

extension at 72°C for 3 min followed by 15°C ° for 20 sec and cooling down at 4°C for 1 min.

147



CALML4 gene CLNG6 gene
A A

' ™ -

T
downstream MVl\/“ IvHIvl \/I \/I upstream
E2 El

ES E4 E3 E2E1 E7 EG ESE4E3
[ ] [ ] [ ]  — [ ] [ ]
4374bp
E—  — — /1 I I I | | |
C3ar: 3478-6977bp CLer: 9559-13273bp Sir: 15940-20070bp 4ar:25041-29193bp  3dr: 33571-36530bp  2Zir: 38764- 1ar: 44824-47373bp
42222bp

Figure 7.1: Schematic diagram (not to scale) of position of the 14 LR-PCR products for sequencing regions of interest within and surrounding ovine
CLNS6. Approximately 49,123 kb of sequence is shown and the orientation of the CALML4 and CLNG6 are in accordance with the ovine and bovine genomes. The
red vertical boxes represent gene exons and the grey horizontal boxes represent location of the LR-PCR products. Position of the LR-PCR products as well as
length of exonic/intronic regions are based on known ovine sequences: published exons from GenBank and ISGC and non-coding sequence obtained from

collaborator Nadia Mitchell as well as predicted length of sequences based on bovine genome sequee.
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Table 7.2: PCR conditions to generate LR-PCR products covering the regions of interest.

PCR Primer Direction Sequence 5'>3" Length (bp) Region Expected Annealing
product amplified PCR size temperature
(bp)
lar 5UTRF23 forward GAACAATGAAGTCCAAGCAGAA 22 CLN6_5UTR 2560 62
5UTRR24 reverse GGCAAGATCCCTGGAAATG 19 CLN6_5UTR
1hr I11F25 forward TACTTCCCTTCTCTTCCATTCAAAC 25 CLN6_5UTR 4620 65
5UTRR42 reverse | GCCTAAACCTACTCTAACCCACTTC 25 CLN6_5UTR
2ir I11F21 forward | CCACAAACTTCCTAAAACTGACTCC 25 CLNG6_Intronl 3820 65
5UTR38 reverse CACCCCCTCCAAGTCTCTAAC 21 CLN6_5UTR
2jr I11F15 forward CTGGAGGTGGGAGTGAGAAA 20 CLN6_Intronl 3730 65
11R24 reverse CTTCACTCTGTCTTCATTCCGTTTT 25 CLNG6_Intronl
3dr E2F5 forward ATCCACAGCTTCATGCTCAC 20 CLNG6_ Intron2 2990 60
I11R18b reverse CTGCCCTTTTTCTTTCTGCT 20 CLN6_Intronl
3ir E3F7 forward GACCTCCCACCACCCCTAAT 20 CLN6_Intron3 4680 65
I11R22 reverse CTGACTGCTTTCGTTTACTTCTTTC 25 CLN6_Exon2
Aar I6F1 forward TGACTGACGAGGAGAAAGCA 20 CLN6_Intron6 4160 62
I3R2 reverse TTCAAAGTAAGGAAGGTGCAGTC 23 CLNG6_Intron3
Air 4eF1 forward CCATCAGCAAGCCCTCTC 18 CLN6_3UTR 5340 68
4eR2 reverse GAAGCCCTCCAGCAAGTGT 19 CLNG6_Intron6
Sir CALLlFl forward CCTTCCTGTTCCCCTICTTC 20 CALL4 _Intronl 4130 65
i5aR2 reverse GAGAGGCTTGGCACACTGATA 21 CALL4 5UTR
Sfr CALL2F1 forward CGGTGGGGGTTTAGAGACA 19 CALL4 Intron2 3300 58
3UTRR8 reverse GTGGTGTGTGACGTGCCTAA 20 CALL4 5UTR
Cler CALL3F1 forward CCTTTTTTGGGTCCTCTTGTT 21 CALL4_Exond 3720 58
CALL2R4 reverse CCCTGTCCCTGTCCCTGTC 19 CALL4_Intronl
Coar CALL4F3 forward CGCCTCCTCGTTCAATAGTC 20 CALL4_Exon5 3460 60
CALL4R2 reverse GTTTCCTTTGGTTTCCGTCTC 21 CALL4_Intron3
Cacr CALL3UTRF3 | forward GCCACGCTTGGTTGACTAAT 20 CALL4 3UTR 3520 62
CALL3UTRR2 | reverse CGGGTTGTCCTTTTCTGTTC 20 CALL4_Intron4
Cadr CALL3UTRF7 | forward TTCAGAAACACCAGGTACTTA 21 CALL4 3UTR 4200 58
CALL3UTRR8 | reverse TCAGTAAGAAAGGGGAATGACAG 23 CALL4 3UTR
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LR-PCR products were visualised by agarose gel electrophoresis as described earlier (Chapter
2.7) and concentrations of LR-PCR products were estimated by comparison of the DNA bands to

the GeneRuler 1 kb DNA ladder (Thermoscientific, USA), a standard of known concentration.

7.2.3 Preparation of LR-PCR products for next generation sequencing

7.2.3.1 Preparation of LR-PCR products prior to shipment

LR-PCR products generated for each of the eight animals were assessed using the following

steps prior to shipment to the service provider:

1. The LR-PCR products were purified to remove primers, excess dNTPs, polymerase or
buffer components that might interfere with the sequencing reactions. The EXoSAP-IT
clean up kit (USB, Ohio, USA) or Qiagen QIA quick purification kit (Qiagen, Hilden,
Germany) was used for purifying LR-PCR products which showed a single band of the
expected size on agarose gel electrophoresis, whereas the Qiagen QIAquick gel
extraction kit (Qiagen, Hilden, Germany) was used for purification of two PCR products
(‘Clcr’ and *C4dr’) that consistently produced multiple bands, in addition to the band of
the expected sizes of 3.7 and 4.2 kb, respectively. These methods were performed
following protocols described earlier (Chapters 2.6.1 and 2.7.1).

2. Multiple 50 pl PCR reactions using DNA from the same animal and the same primer
combination were pooled (8 animals x 14 regions = 112 pooled LR-PCR products).
Pooling was performed with five to twenty PCRs from the same animal and primer
combination pooled according to results from estimated concentration after gel

electrophoresis.

3. Each pool of LR-PCR products from the same animal and primer combination was

concentrated using the Microcon centrifugal filter devices (Milipore, USA) (blue top
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filters with Ultracel YM-100 membrane) following the user guide (Milipore, USA). PCR
products of 250 to 750 pl total volumes were concentrated to smaller volumes of 15 to
171 pl.

4. Concentrations and the sizes of the pooled LR-PCR products were determined. Each of
the 112 LR-PCR products was plated into individual wells of the microfluidic DNA chips
(each chip can fill 12 samples), for analysis with the Agilent 2100 Bioanalyzer, according
to the manufacturer’s instructions. Analysis of 1 pl aliquots from each sample in the
Bioanalyzer involved setting up the chip priming station and Bioanalyzer and preparation
of the Agilent DNA 7500 Assay protocol (Agilent Technologies, USA). The Bioanalyzer
concentration measurements for each sample were assessed, and those that were not of
expected size and did not achieve the required minimum concentration of 70 ng were re-
amplified, and steps one to four repeated. LR-PCR products of expected size that
exceeded this quality control are referred to as amplicons. Amounts of DNA,
concentrations, volumes of pooled LR-PCR and PCR band sizes according to the
Bioanalyzer analyses of each LR-PCR pool are shown in Table 7.5. Statistical analyses of
the Bioanalyzer data were conducted using Excel software and Genstat Release 16

(http://www.vsni.co.uk/) and shown in Table 7.6.

5. These amplicons were shipped in two 96-well plates individually capped and sealed with
parafilm, packaged on 5kg dry-ice and delivered overnight to the sequencing service

provider at Life Technologies, Melbourne, Mulgrave, Australia.

7.2.3.2 SOLiD4 barcoded fragment library preparation and sequencing

Sequencing libraries were prepared by the service provider (Life Technologies, Melbourne,
Australia) as the first step in which samples (amplicons in two 96-well plates) were adapted for
sequencing by oligonucleotide ligation and detection (SOLID, Life Technologies) sequencing.

The samples comprised of fourteen amplicons from each of the eight sheep which were pooled in
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equimolar ratios into two pools of seven non-overlapping amplicons (Table 7.4). Each of this

pool represents a library, which means there are 2 libraries for each animal.

The barcoded fragment library was utilised in this study. Each library is tagged with a barcode,
containing unique 5 - 10 base sequences, on one of the adaptors, to enable multiplexed

sequencing analysis where multiple samples are run simultaneously in a single sequencing run.

Preparation of the barcoded fragment libraries using the amplicon pools was performed using the
SOLiD4 fragment library barcoding kit (Applied Biosystem, USA) and the SOLID fragment
library construction kit (Applied Biosystem, USA). A summary of the workflow description of
the preparation of barcoded fragment libraries and a schematic diagram of a typical barcoded

fragment are shown below in Figures 7.2 and 7.3, respectively.

Shear the DHA ]
i

Y

End-repair the DHA
Repairthe DA ends with End P alishing Enzymes 1 and 2

Purifythe Dk A with the Purelink™ PCR Purification Kit
]

Ligate Multiplex P1 and Multiplex P2 Adaptorstothe DHA
Ligate Multiplex P 1 and Multiplex P2 Adaptorsto the DR A,

Furity the DM A& with the Purelink™ P CR Purificgion Kit

Y

Hick-translate, then amplifiy the librany
Mick-tranzlate, then amplify the library
P UMty the DM A with the PUkeLIPE™ P LR PUAfCaan ki

v

Quantitate the library by performing quantitative PCR (gPCR) ]

¥

Pool the barcoded libraries |

Y

Gel-purify the libraries |

Figure 7.2: Preparation workflow for the barcoded fragment libraries (adapted from Applied Biosystems
SOLiD4 system library preparation guide, April 2010).
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Summary of construction of the barcoded fragment libraries are as follows:

1. Each pool of seven amplicons was sheared into small DNA fragments with a mean
fragment size of 165 bp and a fragment size range of 150 to 180 bp, using the Covaris S2
System.

2. DNA ends of the sheared DNA fragments were end-repaired with End Polishing
Enzymes 1 and 2 and purified with the PureLink PCR purification kit (Applied
Biosystems, USA).

3. Ends of the end-repaired DNA fragments in each pool of fragmented amplicons were
ligated with adaptors (Multiplex P1 Adaptor and a Multiplex P2 Adaptor) and purified
with the PureLink purification kit (Applied Biosystems, USA). The Multiplex P2
adaptors included unique barcode sequences (total of 16 barcodes with 1 barcode for each
of the two pools of seven amplicons for each of the eight sheep) with each barcode
subsequently generating a single fragment library to be multiplexed in the same
sequencing run. Sequences for Multiplex P1 and P2 adaptors used for barcoded fragment
library construction are listed in Table 7.3. An example of the pool-barcode arrangement
is as follows: For animal CPW 156, barcode 1 was ligated to pool 1 (amplicons
1,3,5,7,9,11,13) and barcode 9 was ligated to pool 2 (amplicons 2,4,6,8,10,12,14).
Barcode labelings of the remaining seven animals are shown in Table 7.4.

4. After adaptor-ligation and purification, DNA underwent nick translation and was
amplified for nine cycles using primers specific to the Multiplex P1 and Multiplex P2
adaptors (Multiplex library PCR-1:
CCACTACGCCTCCGCTTTCCTCTCTATGGGCAGTCGGTGAT and  Multiplex
library PCR-2: CTGCCCCGGGTTCCTCATTCT primers). After amplification, the
library was purified with a PureLink PCR purification kit (Applied Biosystems, USA).

5. The library was quantitated using the SOLID Library TagMan quantitation kit (PN
4449639), according to the manufacturers instructions described in ‘SOLiID4 system
library quantitation with the SOLID library TagMan quantitation Kit’.

6. The barcoded fragment libraries were pooled in equal molar amounts.

7. The barcoded fragment libraries were run on a SOLID library size select selection gel.
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Once the barcoded fragment libraries were constructed, the templated bead preparation was
performed following the manufacturer’s instructions (Applied Biosystems SOLID system
templated bead preparation guide, March 2010). In summary, this involved clonal amplification
using an emulsion PCR of each library template on the SOLiID P1 DNA beads, enrichment of
the templated beads and deposition of the beads onto a sequencing slide. The beads were then
sequenced on the SOLID Analyzer on a single segment of a four-quadrant slide, with a 50 bp
read length expected for the SOLiD4 system. An overview of the sequencing chemistry for the
templated bead preparation and sequencing is described at:

http://www.appliedbiosystems.com/absite/us/en/home/applications-technologies/SOLiD-next-

generation-sequencing/next-generation-systems/SOLID-sequencing-chemistry.html.

Figure 7.3: Schematic diagram of a typical SOLiD4™ barcoded fragment after library construction
(adapted from Applied Biosystems SOL.i4 system library preparation guide, April 2010).
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Table 7.3: Multiplex P1 and P2 adaptors used for barcoded fragment library construction. Each adaptor
consists of two sequences to form a double strand as shown in Fig 7.1. The bold sequence flanked by the internal
adaptor sequence on the 5’ end and the P2 adaptor sequence on the 3’ end is the barcode sequence

Adaptor and barcode Sequence 5'>3' Length

) ATCACCGACTGCCCATAGAGAGGTT 25
Multiplex P1 Adaptor

CCTCTCTATGGGCAGTCGGTGAT 23
Multiplex P2 Adaptor with Barcode- CGCCTTGGCCGTACAGCAG 19
001 CTGCCCCGGGTTCCTCATTCTCTGTGTAAGAGGCTGCTGTACGGCCAAGGCG 52
Multiplex P2 Adaptor with Barcode- CGCCTTGGCCGTACAGCAG 19
002 CTGCCCCGGGTTCCTCATTCTCTAGGGAGTGGTCTGCTGTACGGCCAAGGCG 52
Multiplex P2 Adaptor with Barcode- CGCCTTGGCCGTACAGCAG 19
003 CTGCCCCGGGTTCCTCATTCTCTATAGGTTATACTGCTGTACGGCCAAGGCG 52
Multiplex P2 Adaptor with Barcode- CGCCTTGGCCGTACAGCAG 19
004 CTGCCCCGGGTTCCTCATTCTCTGGATGCGGTCCTGCTGTACGGCCAAGGCG 52
Multiplex P2 Adaptor with Barcode- CGCCTTGGCCGTACAGCAG 19
005 CTGCCCCGGGTTCCTCATTCTCTGTGGTGTAAGCTGCTGTACGGCCAAGGCG 52
Multiplex P2 Adaptor with Barcode- CGCCTTGGCCGTACAGCAG 19
006 CTGCCCCGGGTTCCTCATTCTCTGCGAGGGACACTGCTGTACGGCCAAGGCG 52
Multiplex P2 Adaptor with Barcode- CGCCTTGGCCGTACAGCAG 19
007 CTGCCCCGGGTTCCTCATTCTCTGGGTTATGCCCTGCTGTACGGCCAAGGCG 52
Multiplex P2 Adaptor with Barcode- CGCCTTGGCCGTACAGCAG 19
008 CTGCCCCGGGTTCCTCATTCTCTGAGCGAGGATCTGCTGTACGGCCAAGGCG 52
Multiplex P2 Adaptor with Barcode- CGCCTTGGCCGTACAGCAG 19
009 CTGCCCCGGGTTCCTCATTCTCTAGGTTGCGACCTGCTGTACGGCCAAGGCG 52
Multiplex P2 Adaptor with Barcode- CGCCTTGGCCGTACAGCAG 19
010 CTGCCCCGGGTTCCTCATTCTCTGCGGTAAGCTCTGCTGTACGGCCAAGGCG 52
Multiplex P2 Adaptor with Barcode- CGCCTTGGCCGTACAGCAG 19
011 CTGCCCCGGGTTCCTCATTCTCTGTGCGACACGCTGCTGTACGGCCAAGGCG 52
Multiplex P2 Adaptor with Barcode- CGCCTTGGCCGTACAGCAG 19
012 CTGCCCCGGGTTCCTCATTCTCTAAGAGGAAAACTGCTGTACGGCCAAGGCG 52
Multiplex P2 Adaptor with Barcode- CGCCTTGGCCGTACAGCAG 19
013 CTGCCCCGGGTTCCTCATTCTCTGCGGTAAGGCCTGCTGTACGGCCAAGGCG 52
Multiplex P2 Adaptor with Barcode- CGCCTTGGCCGTACAGCAG 19
014 CTGCCCCGGGTTCCTCATTCTCTGTGCGGCAGACTGCTGTACGGCCAAGGCG 52
Multiplex P2 Adaptor with Barcode- CGCCTTGGCCGTACAGCAG 19
015 CTGCCCCGGGTTCCTCATTCTCTGAGTTGAATGCTGCTGTACGGCCAAGGCG 52
Multiplex P2 Adaptor with Barcode- CGCCTTGGCCGTACAGCAG 19
016 CTGCCCCGGGTTCCTCATTCTCTGGGAGACGTTCTGCTGTACGGCCAAGGCG 52
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Table 7.4: Amplicon pool-barcode arrangements used in the SOLID barcoded fragment library preparations.
Each box represents an individual sheep and the two-barcoded pools of seven equimolar non-overlapping amplicons.

CPW156 (SH_N) SH1038/08 (SH_C2)
Barcode-001 Barcode-009 Barcode-005 Barcode-013
(sheepl 1)* (sheepl 9)* (sheep5_5)* (sheep5_13)*
1ar, 2ir, 3dr, 4ar, 5ir, Clcr, 1hr, 2jr, 3ir, 4ir, 5fr, C2ar, lar, 2ir, 3dr, 4ar, 5ir, Clcr, 1hr, 2jr, 3ir, 4ir, 5fr, C2ar,
C3cr Cd4dr C3cr Cd4dr
SH1022/07 (SH_A1) SH1039/08 (SH_A3)
Barcode-002 Barcode-010 Barcode-006 Barcode-014
(sheep2_2)* (sheep2_10)* (sheep6_6)* (sheep6_14)*
lar, 2ir, 3dr, 4ar, 5ir, Clcr, 1hr, 2jr, 3ir, 4ir, 5fr, C2ar, lar, 2ir, 3dr, 4ar, 5ir, Clcr, 1hr, 2jr, 3ir, 4ir, 5fr, C2ar,
C3cr Cddr C3cr Cddr
SH1032/08 (SH_C1) L06 (M_N)
Barcode-003 Barcode-011 Barcode-007 Barcode-015
(sheep3_3)* (sheep3 11)* (sheep7_7)* (sheep7_15)*
lar, 2ir, 3dr, 4ar, 5ir, Clcr, 1hr, 2jr, 3ir, 4ir, 5fr, C2ar, lar, 2ir, 3dr, 4ar, 5ir, Clcr, 1hr, 2jr, 3ir, 4ir, 5fr, C2ar,
C3cr Cddr C3cr Cd4dr
SH1033/08 (SH_A2) LO7 (M_A)
Barcode-004 Barcode-012 Barcode-008 Barcode-016
(sheep4_4)* (sheep4_12)* (sheep8_8)* (sheep8_16)*
lar, 2ir, 3dr, 4ar, 5ir, Clcr, 1hr, 2jr, 3ir, 4ir, 5fr, C2ar, lar, 2ir, 3dr, 4ar, 5ir, Clcr, 1hr, 2jr, 3ir, 4ir, 5fr, C2ar,
C3cr Cd4dr C3cr Cd4dr

# Parenthesis following each animal’s ID indicates breed and disease status of each sheep. CPW= Coopwoth, M=
Merino, SH= South Hampshire sheep, A= affected, C= carrier, N= normal
* ID used in the Gbrowse Genome Browser (see Figure 7.6)

7.2.4 Bioinformatic analysis

Initial bioinformatic analysis and technical support for the SOLID sequence data was performed
by Drs John Davis (Applied Biosystems, Mulgrave, Melbourne) and Matthew Hobbs (University
of Sydney). This involved identification of polymorphisms (SNPs and small indels), aligning
reads to the provided ovine reference sequence and visualisation of the annotated data on the
generic genome browser (GBrowse version 2.38), which is a part of the generic model organism

GMOD suite of genome analysis software tools (Stein et al., 2002).
Samples were labeled according to their respective amplicons pools and barcodes (Table 7.4):

sheep 1 (CPW156) samples were labelled ‘sheepl 1’ corresponding to sheep 1 pool with
barcode 001, and ‘sheep 1_9’ corresponding to sheep 1 pool with barcode 009.
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Preliminary bioinformatic analysis was performed by separating reads according to their
respective barcodes and aligning the generated sequence reads to the ovine reference sequence
generated in Chapter 5, using the SOLID system analysis pipeline tool. The output generated
from alignment was in BAM (binary alignment map) file format that stores large numbers of
nucleotide sequence alignments. Two BAM files were generated for each of the eight sheep.
Also obtained were FASTA format files of nucleotide sequences to which reads had been

mapped.

7.2.4.1 Polymorphism discovery: SNP detection

The reads were aligned to the reference sequence and the resulting alignment BAM files were
processed by the SNP calling software using SAMtools (Li et al., 2009) on the SOLID USA
cluster. Output files were transferred to the service provider in Australia. SNP calling aims to
determine in which positions at least one of the bases differs from a reference sequence. A range
of quality control data for each SNP is provided (e.g. SNP occurred in how many reads/ likely to
be heterozygous or homozygous). The SNP discovery BAM files representing the output of the
SOLID SNP pipeline without any downstream filtering or analysis were provided to our group
for further analysis. The SNP pipeline also generated general feature format (GFF) files, which
are text files used to store annotations for visualisation in genome annotation viewers (e.g. IGV,

GBrowse).

SNP detection on SOLID sequencing data was performed using the BioScope software
resequencing find SNPs analysis tool (Applied Biosystems, USA). The input files required for
SNP detection include the reference sequence in FASTA file format (same file used previously
for mapping), the BAM file containing nucleotide sequence alignments, and their corresponding
position error and probe error files which record the frequencies of di-color mismatches between

reads and the reference at different positions in a read.

Default configurations of the SNP parameter values and the BioScope software were defined by

the service provider. The four output files generated are a *SNP.gff’” file, which contains the list
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of SNPs, a “‘Consensus_Calls.txt” file, which covers all positions that have coverage and provides
general information about each position, a ‘consensus_Basespace2.fasta’ file, which is the
updated FASTA file of the chromosome sequence with SNP sites encoded in IUB codes and N
for all non-covered positions, and a ‘quartiles.txt’ file, which lists the quartile and percentile
information about the coverage and color quality value distribution of all positions of the

chromosome.

7.2.4.2 Polymorphism discovery: Small indel detection

For identification of small insertions or deletions (indels) on the SOLiID fragment data, the
alignment BAM files generated were processed by the SOLID indel pipeline using Bioscope 1.3
(Applied Biosystems) on the SOLID US cluster and transferred back to the service provider in
Australia. Ranges of quality control data were provided for each indel. The indel BAM files
representing the output of the SOLID indel pipeline without any downstream filtering or analysis
were provided for further analysis. The indel pipeline also generated GFF file formats to be

viewed in genome annotation viewers.

Small indel detection was performed on SOLID sequencing data using the BioScope software
small indel caller, using BAM files produced from the barcoded fragment libraries. The small

indel pipeline, by default, is able to determine insertions up to 3 bp and deletions up to 11 bp.

The input files required for small indel detection include the reference sequence in FASTA file
format (the same file used previously for mapping), the *.bam file containing nucleotide
sequence alignments, and the CMAP reference file. The output files generated include a
smallindel.gff file, which contains the list of small indels, the TXT file which provides an
alternative format of the data contained in the GFF file, SQL file formats and an UNGAPPED
file which contains more details of the reads counted towards the number of ungapped

alignments used for the coverage ratio.
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7.2.4.3 Polymorphism evaluation

Both the SNP and indel GFF files were transferred to an Excel spreadsheet, sorted by position,
sheep and animal attributes and then visually assessed for any SNPs or indels that segregate with

the disease phenotype.

BAM and GFF files obtained from SNP and indel detections were uploaded into password
protected GBrowse software (http://crcidp.vetsci.usyd.edu.au/cgi-bin/gh2/gbrowse/NCL/)

containing various horizontal tracks uploaded by the user, such as coverage, CLN6 coding
sequence and ovine reference sequence. All three (alignment, SNP and indel) BAM files could

be visualised in the genomics viewer.

Following the release of Version 3.1 of the ovine genome assembly in 2012 (OARv3.1,
http://www.livestockgenomics.csiro.au/sheep/oar3.1.php) sequence of the OARv3.1 (GenBank
accession CM001588.1) at positions 14,796,391 - 14,845,049 was also uploaded into the
Gbrowse viewer to allow comparison between these two versions, after initial analysis in 2010
with Version 2.0 (OARvV2.0; Archibald et al., 2010).

7.3 Results

7.3.1 Generation of LR-PCR products

Fourteen LR-PCR products ranging from approximately 2.6 to 5.3 kb in length were generated
with partial overlaps between 110 bp (between products: ‘4ir’ - *5ir’) and 1.34 kb (between
products: ‘lhr’ - *2ir’). These contiguous products cover a region of 49,123 kb of OAR7
spanning from approximately 9.1 kb upstream of the CLNG6 start codon to approximately 6.7 kb
downstream of the CAMLM4 stop codon (Figure 7.1). Sequences generated from these LR-PCR

products are shown in Appendix 5.
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7.3.2 Bioanalyzer data analysis

Multiple LR-PCRs generated for the same animal and the same amplification region were pooled
and concentrated into smaller volumes using the Microcon centrifugal filter devices to achieve a
minimum concentration of 0.5 ng/ul required for analysis on the Agilent 2100 bioanalyzer. A
summary of the bioanalyzer data (product size, concentration, volume and total sample amount)
was made (Table 7.5). Molarity information enables equimolar representation of each animal for
each PCR region prior to SOLID sequencing. Concentrations of pooled LR-PCR product ranged
from 0.51 to 16.98 ng/ul and final amounts of products ranged from 70 to 353.5 ng, with a mean
of 225 + 66 ng (Table 7.5). These values met requirements for quality control purposes for
determining a minimum amount of product that must be present for sequencing, except for
product ‘C4d’.

160



Table 7.5: Bioanalyzer data of 112 LR-PCR products for SOLID sequencing. DNA represents eight sheep:
CPW156 (SH_N), SH1022 (SH_AL), SH1032 (SH_C1), SH1033 (SH_A2), SH1038 (SH_C2), SH1039 (SH_A3),
L06 (M_N) and LO7 (M_A).

PCR Expected DNA Actual Concentration *Volume (pl) Total Molarity
Product Size (kb) Size (kb) (ng/pl) Amount (nmol/l)
(ng)
SH N 2.8 4.9 50 245 2.6
SH_A1l 2.7 7.83 42 328.86 45
SH C1 2.6 9.18 30 275.4 5.3
SH_A2 2.6 9.41 30 282.3 5.4
lar 2.6 =
SH_C2 25 6.79 41 278.39 4.1
SH_A3 2.5 6.16 41 252.56 3.7
M_N 2.7 4.13 56 231.28 2.3
M_A 2.5 4.68 62 290.16 2.8
SH N 55 1.52 140 212.8 0.4
SH_A1l 4.9 1.63 110 179.3 0.5
SH C1 4.7 0.9 135 1215 0.3
6 SH_A2 4.7 1.65 140 231 0.5
o 4. SH_C2 47 0.72 160 1152 0.2
SH_A3 4.6 0.89 134 119.26 0.3
M_N 4.6 0.51 171 87.21 0.2
M_A 4.7 1.8 110 198 0.6
SH N 4 3.4 70 238 1.3
SH_A1l 3.3 1.9 103 195.7 0.9
SH C1 34 4.48 57 255.36 2.0
. 38 SH_A2 3.3 1.78 107 190.46 0.8
2Ir ' SH_C2 3.4 2.75 93 255.75 12
SH_A3 35 1.2 127 152.4 0.5
M_N 3.6 7.13 36 256.68 3.0
M_A 34 1.05 130 136.5 0.5
SH N 3.6 1.35 135 182.25 0.6
SH_Al 3.7 1.05 145 152.25 0.4
SH C1 3.6 1.29 145 187.05 0.6
2jr 37 SH_A2 35 1.64 140 229.6 0.7
SH_C2 3.7 1.06 160 169.6 0.4
SH_A3 35 1.88 138 259.44 0.8
M_N 3.7 1.46 90 131.4 0.6
M_A 3.8 1.25 150 187.5 0.5
SH N 29 3.96 57 225.72 2.1
SH_Al 2.8 1.3 88 114.4 0.7
SH C1 2.8 1.93 98 189.14 1.1
SH_A2 2.8 2.1 97 203.7 1.2
3dr 3.0 SH_C2 28 21 100 210 12
SH_A3 2.7 2.75 71 195.25 15
M_N 2.7 1.56 52 81.12 0.9
M_A 2.7 1.47 48 70.56 0.8
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PCR Expected DNA Actual Concentration *Volume (pul) Total Molarity
Product Size (kb) Size (kb) (ng/nl) Amount (nmol/l)
(ng)
SH_N 4.8 7.3 37 270.1 2.3
SH Al 4.8 3.51 70 245.7 1.1
SH C1 4.8 9.11 30 273.3 2.9
. 4.7 SH_A2 4.7 5.73 60 343.8 1.8
el SH_C2 48 5.16 60 309.6 16
SH_A3 4.9 4.18 60 250.8 1.3
M_N 4.7 7.74 26 201.24 2.5
M_A 4.7 9.37 26 243.62 3.0
SH_N 4.2 2.38 30 71.4 0.8
SH Al 5 0.94 115 108.1 0.3
SH C1 4.5 1.76 51 89.76 0.6
Aar 42 SH_A2 4.6 0.79 128 101.12 0.3
SH C2 4.7 1 70 70 0.3
SH_A3 4.1 2.3 68 156.4 0.9
M_N 4.5 3.35 55 184.25 1.1
M_A 4.7 1.79 72 128.88 0.6
SH_N 5.6 8.35 36 300.6 2.3
SH Al 5.3 3.84 67 257.28 1.1
SH C1 5.3 6.49 40 259.6 1.8
Jir 53 SH_A2 5.3 6.99 38 265.62 2.0
SH C2 5.4 5.64 50 282 1.6
SH_A3 55 5.49 50 274.5 15
M_N 5.3 4.07 50 203.5 1.2
M_A 5.3 8.46 33 279.18 2.4
SH_N 4.2 2.23 98 218.54 0.8
SH_Al 4.2 2.39 90 215.1 0.9
SH C1 4.2 2.39 96 229.44 0.9
Sir 41 SH_A2 4.2 2.69 94 252.86 1.0
SH C2 4.3 4.23 50 2115 15
SH_A3 4.2 2.36 93 219.48 0.9
M_N 4.3 3.11 76 236.36 11
M_A 4.2 5.21 55 286.55 1.9
SH N 3.7 8.2 30 246 3.3
SH_Al 35 7.42 35 259.7 3.2
SH C1 3.6 7.15 35 250.25 3.0
Sfr 33 SH_A2 35 6.01 36 216.36 2.6
SH C2 3.5 5.05 70 353.5 2.2
SH A3 3.8 5.76 50 288 2.3
M_N 3.4 16.24 16 259.84 7.2
M_A 3.4 14.59 20 291.8 6.5
SH_N 4.5 4.77 46 219.42 1.6
SH Al 4.5 7.33 45 329.85 2.5
SH C1 4.9 4.81 44 211.64 15
SH A2 5.1 7.35 45 330.75 2.2
il 3.7 SH_C2 45 6.32 36 22752 2.1
SH_A3 5.1 3.35 45 150.75 1.0
M_N 45 14.92 20 298.4 5.1
M_A 4.7 4.17 60 250.2 1.3
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PCR Expected DNA Actual Concentration *Volume (pul) Total Molarity
Product Size (kb) Size (kb) (ng/nl) Amount (nmol/l)
(ng)
SH_N 36 10.83 25 270.75 46
SH_AL 3.7 1351 18 24318 55
SH_C1 3.6 14.32 18 257.76 6.0
o . SH_AZ 3.6 11.59 22 254.98 438
ar ' SH_C2 3.9 12.68 20 253.6 5.0
SH_A3 3.7 1117 24 268.08 46
M_N 3.8 16.98 15 254.7 6.8
M_A 3.8 14.84 20 296.8 6.0
SH_N 3.4 6.98 36 251.28 31
SH_AL 3.4 7.65 40 306 3.4
SH_C1 3.3 9.82 29 284.78 45
SH_A2 3.4 9.16 28 256.48 41
C3er 35 SH C2 33 735 40 294 3.4
SH_A3 3.3 8.04 30 2412 37
M_N 3.7 7.08 40 283.2 2.9
M_A 3.4 5.3 50 265 2.3
SH_N e '2‘9- <05 25 # #
SHAL | s¢flo <05 25 # #
sHc1 | Sefle <05 25 " ”
SH.A2 | *efle <05 25 # #
C4dr 4.2 oo IFi
SH_C2 o g <0.5 25 # #
SH A3 | *efle <05 25 # #
M_N see Fig. <05 25 " ”
M_A seeFio <05 25 # #

* total volume of PCR pool to achieve minimum 70 ng of each LR-PCR product per animal

# concentration too low for detection using the Bioanalyzer. See Figure 7.4 for bands visualisation and estimated

concentration.

The concentration of pooled product ‘C4dr’ for all animals remained too low (<0.5 ng/ul) for

detection by the bioanalyzer kit used, despite exhaustive repetition and optimisation attempts. As

this region was at the margin of the region of interest and did not contain any parts of CLNG,

further optimisation was abandoned and the samples with low concentrations were included in

the sequencing (Figure 7.4). The concentration of the band was calculated to be approximately

0.5 ng using the concentration of the lowest band of the size marker.
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Figure 7.4: Agarose gel visualisation of pooled PCR products C4dr generated with primers CALL3UTRF7
and CALL3UTRRS. The identification for each animal is shown at the top of the gel image. Relevant fragment
sizes of the Fermentas GeneRuler 1 kb Plus DNA Ladder (M) is shown on the far left of the 1% agarose gel. The
expected length of the products is 4.2 kb in all eight animals.

For most of the LR-PCR products, the bioanalyzer analysis (Table 7.5) confirmed results from
previous agarose gel analyses where single bands of expected sizes were identified. However, for
all animals, product “2jr’ consistently produced a 67 bp band in addition to the expected product

of approximately 3.7 kb. Figure 7.5 shows an example of the bioanalyzer electropherogram trace
for normal Merino sheep (L06).
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Figure 7.5: Electropherogram shows the results of DNA quantitation of PCR product ‘2jr’ for sheep L06
(Merino normal) using the Agilent 2100 Bioanalyzer at default settings. The graph displays plot of DNA
fragment size (bp) versus fluorescence intensity (FU). The 3.704 kb DNA fragment with 80.21 FU represents the
expected band and the 67 bp with 36.06 FU represents the additional unexpected band. DNA lower and upper
markers, 50 and 17,000 bp in size on the first and last peaks, respectively, are internal standards. The results table
provides information of the two detected DNA fragments with their respective concentration. The diagram on the far

right is the corresponding in silico gel image.

Table 7.6: Statistical analysis of expected and actual band sizes from all 112 PCR products. Analyses were
performed using Excel software and Genstat Release 16 (http://www.vsni.co.uk/).

Sizing Sizing
Actual Size accuracy accuracy
Expected mean (kb) + Coefficient of | (at 10%CV*) | (at 10%CV*)

Product Size (kb) SD P-value | variation 2s.d 1s.d

lar 2.6 2.613+0.1 0.763 4.310015795 0.261 0.131
1lhr 4.6 48x0.3 0.099 6.20019841 0.48 0.24

2ir 3.8 3.488+0.2 0.006 6.581164982 0.349 0.174

2jr 3.7 3.638+£0.1 0.14 2.915904252 0.364 0.182

3d 3 277501 0 2.548132545 0.278 0.139

3ir 4.7 4775+£0.1 0.02 1.480851898 0.478 0.239
4ar 4.2 4538+0.3 0.013 6.336943631 0.454 0.227

4ir 53 5375x£0.1 0.111 2.16737627 0.538 0.269

5ir 4.1 4225+0.05 | 0.00012 | 1.095645088 0.423 0.211

5fr 3.3 355+0.1 0.002 3.983700176 0.355 0.178
Clcr 3.7 4725+0.3 0 5.740540452 0.473 0.236
C2ar 3.5 3.713+£0.1 0.001 3.032974078 0.371 0.186
C3cr 3.5 34+0.1 0.068 3.850903945 0.34 0.17
C4dr 4.2 nil nil nil nil nil

* Agilent 2100 Bioanalyzer sizing accuracy
(http://mww.genomics.agilent.com/article.jsp?pageld=2423& _requestid=869374)

165


http://www.vsni.co.uk/�

Sizing by the bioanalyzer identified that the size of PCR pools was often not identical with the
expected size, and variations in size between PCR products of the same PCR but different
animals were observed. The mean actual sizes in several of the pools was significantly different
from the expected sizes even when considering a reported Bioanalyzer sizing reproducibility of
5% CV, as shown by the one sample t-test (Table 7.6). The p-value generated from the student

T-test at two-tailed distribution is shown in the ‘P-value’ column.

This is not unexpected as the reference sequence could include assembly errors and there might
be differences between the BAC/reference sequence and sheep analysed here. A large difference
in mean value is seen in PCR product ‘Clcr’ with an actual mean of 4.725 + 0.3 compared to an
expected size of 3.7 kb. This region covered upstream sequence of CALML4 and did not contain
any parts of CLN6. However, as indicated in Chapter 5, regulatory elements affecting CLN6
could be located in this region and CALML4 could be a gene of interest if no disease causing

mutation was found in CLNG.

To investigate if variation in size among animals for the same PCR product was within sizing
error of the Bioanalyzer 2100 (reported to be 5% CV) or related to disease status or breed, the
average (mean) band size for each PCR pool, along with the extent of variability of sizes among
animals in relation to this mean was calculated. It was assumed using ANOVA (Analysis of
variance, Table 7.6) that the LR-PCR products for the same region are identical among animals
(irrespective of disease status or the occurrence of repeats). In Table 7.6, sizing for most of the
PCR pools (‘lar’, “2jr’, “3dr’, “3ir’, “4ir’, *5ir’, ‘5fr’, ‘C2ar’ and ‘C3cr’) was considered
moderately to highly reproducible (CVs of 5% or less). Sizing reproducibility for four PCR pools
(“Lhr’, “2ir’, “4ar’, ‘Clcr’), was appreciably worse at 5.7% CV (Clc) to 6.6% CV (2i). ‘C4dr’

could not be assessed, as discussed previously.

Standard deviation of the actual PCR band size (in kb) ranged between 0.05 (‘5ir’) and 0.3
(“1hr’, “4ar’ and ‘Clcr’), and the coefficient of variation was between 1.09 (‘5ir’) and 6.6 (“2ir’).
From these two statistical analyses, the variation between animals for the same PCR products at
‘lhr’, “2ir’, “4ar’ and ‘Clcr’ was significantly different in relation to mean of the population,
with high values of 6.2, 6.6, 6.3 and 5.7, respectively. This could arise from breed differences or

from individual variation in the number and extent of repeat units. The concept that size
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differences could be associated with disease status was considered, but none of the PCR pools

with size variations showed a significant association of size with disease phenotype.

7.3.3 SOLID sequencing of LR-PCR products

Sequencing of the 112 LR-PCR products in a single slide SOLID run resulted in 45,923,380 raw
50-mer reads at approximately 30X coverage. Individual reads ranged between 1,486,412 and

6,061,520 for each barcode containing 7 amplicons, per animal.

7.3.3.1 Identification of SNPs

A total of 238 SNPs were discovered in the eight sheep (Table 7.7). In this table, the final two
columns refer to SNP genotypes identified in 8 sheep sequenced using the SOLID platform. In
each column, numbers on the left of the divide symbol refer to the total homozygous and
heterozygous SNP identified in the particular animal, whereas numbers on the right of the divide
symbol refer to those in the coding region. For example, sheep CPW156 has a total of 116 SNP
with 60 being homozygous and 45 heterozygous. Out of these 60 homozygous SNP, one is in the

coding region.

One hundred and forty seven of these SNPs were unique, and 91 occurred in more than one
animal. All affected South Hampshire and Merino sheep showed a low number of SNPs (6 — 11
SNPs) whereas carrier and normal sheep displayed a higher level of variation from the reference
sequence (11 — 51 SNPs).
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Table 7.7: Summary of SNP discoveries.

SNP

Homozygous Heterozygous
No | Sheep ID Breed Phenotype Total

Total /coding# Total /coding#
1 CPW156 Coopworth Normal 116 60/1* 56/0
2 | SH1022/07 | South Hampshire | Affected 9 3/0 6/0
3 | SH1032/08 | South Hampshire Carrier 106 15/0 91/1*
4 | SH1033/08 | South Hampshire | Affected 11 3/0 8/0
5 | SH1038/08 | South Hampshire Carrier 51 2/0 49/1*
6 | SH1039/08 | South Hampshire | Affected 6 3/0 3/0
7 LO6 Merino Normal 115 64/1* 51/0
8 LO7 Merino Affected 7 6/1** 1/0

# number of SNP in the coding region of the CLN6 and CALML4

* previously known SNP used as an indirect DNA test for NCL in South Hampshire sheep ¢.822G>A (Tammen et
al., 2006)

** previously known disease causing mutation for NCL in Merino sheep ¢.184C>T (Tammen et al., 2006)

SNPs that segregated with the disease phenotype or that mapped to the CLN6 or CALML4 coding
sequence were given the highest priority for further analysis. Two previously known SNPs were
found to be in coding regions of CLN6 (Table 7.7) and described in Table 7.8. No SNPs were
identified in CALML4 coding regions. These SNPs were in reverse complement sequences
because they corresponded to the aligned ovine reference sequence, which was also in reverse
complement. The ¢.184C>T (p.Arg62Cys) SNP in exon 2 previously characterised as the disease
causing mutation in the Merino sheep (Tammen et al., 2006) was identified, as expected, only in
the affected Merino sheep, LO7 and this sheep was homozygous for this SNP.

The second known SNP identified was the silent ¢.822G>A polymorphism in exon 7, which was
used as an indirect NCL DNA test for the selection of SH animals in this study (Tammen et al.,
2006). It was identified, as expected, in the normal Coopworth sheep CPW156 and Merino sheep
L06, and these sheep were homozygous for this SNP (the ovine reference sequence contained an
A nucleotide in this position which is associated with the disease in the South Hampshire sheep).
The SNP was also identified in both carrier sheep SH1032/08 and SH1038/08, and these sheep
were heterozygous for this SNP. The remaining 236 SNPs were in the non-coding regions and

did not segregate with the NCL disease phenotype in sheep.
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Table 7.8: Summary of previously known SNPs discovered within ovine CLN6 in Coopworth, South
Hampshire and Merino sheep. Sequences and SNPs are in reverse complement (RC) as they correspond to the
ovine reference sequence.

Position
(bp) Mutation [Region |Genotype [Ref [No |[Sheep ID (Breed Phenotype|Description  |Mutation significance
Single
nucleotide
33,605 |c.184C>T [Exon2 |AA GG |8 LO7 Merino Affected |substitution direct DNA test
(Rev Com:
G>A)
Silent indirect DNA test, LOD
mutation/ score with affected SH:
24,608 |c.822G>A |Exon7 |CC T |1 CPW156 [Coopworth |Normal Polymorphism [13.3
Silent indirect DNA test, LOD
(Rev Com: SHW1032/|South mutation/ score with affected SH:
C>T) Y=CT TT |3 |08 Hampshire [Carrier Polymorphism [13.3
Silent indirect DNA test, LOD
South mutation/ score with affected SH:
Y=CT TT |5 SH1038/08|Hampshire |Carrier Polymorphism |13.3
Silent
mutation/ LOD score with
cc TT |7 LO6 Merino Normal Polymorphism |affected Merino: 7.83

7.3.3.2 Discovery of small indels

A total of 425 small indels (73 insertions and 352 deletions) were discovered in the eight sheep

(Table 7.9) of which 237 were unique (observed only in one of the eight animals) and 188

occurred in more than one animal. Most of these indels were the size of a single nucleotide and

the largest indel was a 9 bp deletion. Overall there were 31 homozygous and 1145 hemizygous

indel sites among all the animals. Indels found in the coding sequence of CLNG6 (exons 4, 5, 6,

and 7) and CALMLA4 (exons 3, 4 and 5) did not segregate with the NCL disease phenotypes.

Table 7.9: Summary of small INDEL discovery

No. Sheep ID Breed Disease status Insertion | Deletion Homozygous indels
1 CPW156 Coopworth Normal 29 144 2
2 SH1022/07 South Hampshire Affected 21 104 5
3 SH1032/08 South Hampshire Carrier 23 119 4
4 SH1033/08 South Hampshire Affected 26 97 3
5 SH1038/08 South Hampshire Carrier 24 94 4
6 SH1039/08 South Hampshire Affected 25 131 4
7 LO6 Merino Normal 33 159 5
8 LO7 Merino Affected 26 121 4
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7.3.4 Visualisation of sequence coverage on the Gbrowse genome viewer

SOLID sequences generated for each of the eight sheep were visualised using the GBrowse
genome viewer (Stein et al., 2002). This browser consisted of two panels: an overview panel
consisting of horizontal tracks for the ovine reference sequence (Ref NCLseq) and gene
transcripts (gene) for both the CLN6 and CALML4 genes, and a details panel consisting of
various horizontal tracks uploaded by the user, with each track corresponding to the overview
panel. User uploaded tracks included SOLID sequence tracks for which the x-axis depicts the
number of reads for each sheep track, as well as other derived tracks, including GC content,
predicted PCR position tracks, sequences from the ovine genome version 3.1, conserved non-

coding sequence and repeat elements.

A screenshot of the browser (Figure 7.6) in the details section shows 18 tracks consisting of the
location of the partially overlapping 14 LR-PCR regions named ‘lar’ to ‘C4dr’ (PCR product), a
GC content plot (GC content) as well as the 16 sets of sequence reads consisting of two tracks
(each containing 7 non-overlapping LR-PCR products) for each of the eight sheep sequenced.

These 16 sets of reads are labelled according to their respective unique barcodes (Table 7.4).

The distribution of the reads varied among the different PCR regions and animals (Figure 7.6)
showing differences in depth of sequence coverage. Reads within the LR-PCR regions also
showed great variability (0 to 7999 reads) across all animals, overall with a good coverage
achieved in the key area of interest (PCR regions “1ar’ to ‘5ar’) containing CLN6 and immediate
flanking sequences. Twelve small blocks of reads (666 bp) could not be aligned to the reference
sequence (see ‘unmappable’ track in Figure 7.6). There appear to be no specific sequence reads
for PCR region ‘C4dr’ for all sheep, perhaps because of the problems with generating sufficient

amounts of PCR product for sequencing as described above (Chapter 7.3.2).
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Figure 7.6: A 49,123 kb screenshot of the Gbrowse genome browser depicting data mapped to the ovine
reference sequence (Ref _NCLseq): CLN6 and CALML4 (gene), 14 LR-PCR products (PCR product) and
OARv3.1 genome sequence (Oar3 alignment) in the overview panel. Tracks in the details panel are unmappable
sequence (UM), GC content plot (GC) and 16 sequence reads from all eight sheep (1 9 and 1 1 normal Coopworth,
2 10and 2 2,4 12and 4 4,6 14 and 6_6 for the three affected South Hamsphire sheep, 3 11 and 3 3,5 13 and
5 5 for the two South Hampshire carriers and 7_15 and 7_7 and 8_16 and 8 8 for the normal and affected Merinos,
respectively. See Table 7.1 for corresponding sheep ID). The x-axis represents the number of reads for each sheep
track. The pink box represents an area of interest within the region of LR-PCR product ‘2ir’ in all eight sheep where
no sequence reads appear to be aligned to the ovine reference sequence.
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Figure 7.7: Gbrowse genome browser screenshot focused on the ‘2ir’ LR-PCR region for all sheep (region
highlighted in pink in (a)). In all affected South Hampshire sheep (sheep2_2, sheep 4_4 and sheep 6_6) no
sequence reads align to the reference sequence for approximately 400 bp. Normal and carrier South Hampshire
sheep (sheepl 1, sheep 3_3 and sheep 5_5) and both Merino sheep (sheep 7_7, sheep 8_8) have very low coverage
reads in the middle of this region.

For the ten LR-PCR regions “lar’, ‘1lhr’, “2ir’, “2jr’, “3dr’, “3ir’, “4ar’, “4ir’, ‘5ir’ and ‘Clcr’,
sequence reads aligned to the PCR product track in the overview panel, whereas for regions
‘5fr’, *C2ar’ and *C3cr’ reads aligned unexpectedly. For PCR region *5fr’ reads appeared in both
tracks of the same sheep in all South Hampshire and the Coopworth sheep (sheep 1 - 6) but
aligned as expected in the Merino sheep (sheep 7 and 8). For PCR region ‘C2ar’ reads appeared

to align as expected except for one affected SH sheep (sheep 2), which had reads aligning to both
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tracks. For PCR region ‘C3cr’ reads appeared to align as expected except for the Coopworth
control (sheep 1) and two affected South Hampshire sheep (sheep 2 and 4), which had reads
aligning to both tracks.

A further deviation of the expected alignment of reads occurred in all animals in several regions
where reads align at relatively low coverage (< 500 reads) in non LR-PCR regions for that track.
This was likely due to the many short repetitive elements or motifs in the sequenced area (see

Repeatmasker track).

There was uniformity in coverage across most animals and most PCR regions, suggesting that
the experimental design of sequencing two pools of 7 LR-PCR products in equimolar ratios was
overall very successful. However there was a relatively low coverage for sheep 4 in PCR region
‘2ir’, sheep 2 in PCR region “3dr’, sheep 6 in PCR region “4ar’, sheep 7 in PCR region “3ir’ and
sheep 1 - 4 in PCR region ‘5fr’. Sequence coverage for PCR product ‘Clcr’ was consistently low
across all animals (<1600 reads) even though the LR-PCR products performed well in the

bioanalyzer quality control step (Table 7.5).

This analysis of sequence coverage using GBrowse identified an area of interest within the
region of LR-PCR product “2ir’ (pink box, Figure 7.6) in all eight sheep, where no sequence
reads aligned to the ovine reference sequence. This area spans approximately 500 bp and
corresponds to position 39,900 - 40,399 bp in the ovine reference sequence. Upon zooming in at
position 39,920 - 40,335 bp, the gap was observed to exist only in the three affected South
Hampshire sheep (sheep 2, 4 and 6) whereas the remaining 5 sheep appear to have some reads

partially covering this region (Figure 7.7).

7.3.5 Alignment of the OARV3.1 to the ovine reference sequence

When the ovine genome OARvV3.1 became available in 2013, genome sequence from this version
was uploaded as an additional track on the GBrowse overview and details panels (*‘Oar3’
alignment; Figure 7.6). In general, there was a good similarity between OARV3.1 and the ovine
reference sequence, especially considering that one is derived from a single Texel sheep and that
the ovine reference sequence is a combination of an ovine BAC and Merino, Coopworth and

South Hampshire sheep genomic sequences. However some differences were noted.
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There were large gaps in alignment between the Oar3 sequence and LR-PCR regions ‘C2ar’ and
‘5fr’. *Oar3” sequence aligned to the LR-PCR region and ‘4ir’ contained the longest contiguous
repeat sequence (see ‘repeatmasker’ track). This sequence was analysed using the Repeatmasker
program (Smit et al., 1996) and the repeat was found to match with repeat class/ family long
interspersed nuclear element LINE/RTE - Bovb (137) at position 3710 - 2708.

There was a significant sequence variation in LR-PCR region “2ir’ not determined in the ‘Oar3’
at position 39,980 - 40,330 in the ovine reference sequence (see Oar3 alignment track).
Interestingly, there were eight flanking ‘GGGGCGGA’ octonucleotide sequence repeats
immediately upstream to this region. Exon 1 lies within this unsequenced gap region of genomic

DNA and thus its exact position could not be ascertained.

There was also a significant sequence variation in LR-PCR region “2jr’ due to the presence of an

insertion in the ovine reference sequence at position 35,820 - 36,079.

Alignment between the OARV3.1 sequence and the ovine reference sequence for PCR region
‘C4dr’ showed a high sequence similarity, with the only mismatches due to the presence of
ambiguous or ‘N’ nucleotide sequence in the ovine reference sequence. Further analysis revealed
that the origin of the ovine reference sequence in this region originated from merging of 19
overlapping ovine BAC contigs (see Chapter 5).

7.4 Discussion

A large deletion of approximately 415 bp, which appears to cover the whole of exon 1 of CLNG,
was only observed in the three-affected South Hampshire and was considered the most likely
causative mutation for NCL in the South Hampshire sheep. No other DNA variants appeared to
segregate with the disease in South Hampshire sheep but the known Merino disease causing
mutation as well as a SNP used as an indirect DNA test for the South Hampshire were correctly
identified. Confirmation and definition of break points of the identified deletion of additional

sheep with this genetic variant are described in the following Chapter 8.
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Identification of a disease causing mutation in a specific genomic region can be a challenging
task. The recent reduction in the cost of whole genome sequencing (WGS) and advances in
bioinformatics has made WGS a time and cost effective approach, even in species with
preliminary draft genome assemblies such as horses (Towers et al., 2013) and dogs (Drégemuller
et al., 2014). However, when this study was conducted in August 2010 the sheep genome

assembly was incomplete and costs for whole genome sequencing were prohibitive.

The combination of long-range PCR with NGS offered the possibility to perform mutation
analysis in a relatively large region of interest in a time-efficient and economical way with the
LR-PCR amplification amplifying products much larger (up to 12 kb for genomic DNA and 20
kb for phage/plasmid DNA) than those achieved with conventional Taq polymerases (up to 3 kb)
(Mullis et al., 1986).

At the start of this study, 60 primers were designed for amplification of the whole CLNG6
genomic region and flanking sequences, including CALML4. Extended PCR optimisation of the
various primer combinations resulted in 28 primers that generated 14 partially overlapping LR-
PCR products of expected sizes (Table 7.2) that covered an estimated 49 kb region of interest.
The remaining 32 primers generated either no product or multiple bands. It was discovered later
using RepeatMasker (Smit et al., 1996 - 2010) that at least several of the remaining primers were

located in repeat regions, which would explain some of the generation of multiple PCR products.

Initially there was a debate about which sequencing platform was to be used (either Illumina, 454
pyrosequencing or SOLID sequencing-by-ligation) and the labeling approach that needed to be
applied to the primers (either biotinylated or amine modification). The decision made was based
on efficiencies of cost and resources (sheep DNA, overwhelming raw data and bioinformatic
analysis for non-targeted regions of interest) when compared to sequencing the entire genomic
DNA using other platforms. Other considerations included assessment of the relative ease of
sequencing through challenging templates using the SOLID platform, and compatibility between
the amine labeling approach and chosen NGS platform. A comparison of these NGS platforms

was described earlier (Chapter 2).

Once the labeling approach was chosen, primers were re-synthesised to include 5° amine

modifications. There was no literature found to show that adding an amino group at the 5” end is
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able to alter the original properties of the oligonucleotide, however a re-optimisation step in the
form of increase in annealing temperatures was required for efficient PCR amplification of most
of the LR-PCR products in this study. End modification positioned at the 3’- or 5’-end of the
primers greatly reduced or prevented over-representation of amplicon ends (overlapping intervals
of the amplicon ends which results in extremely high coverage in this area compared to other
areas) in the sequencing libraries, thus improving the overall sequence coverage uniformity

(Petermann, pers. comm.).

Analysis of SOLID sequence data provided by the service provider identified SNPs relative to
the ovine reference sequence. ldentification of two known SNPs in the CLN6 (Tammen et al.,
2006) using the SOLID sequence generated from the LR-PCR products are evidence that this

approach worked successfully for mutation screening.

SNPs found within a gene coding sequence are often given the highest priority for further
analysis because they are likely to affect the amino acid sequence of a protein and could be
disease associated (Cargill et al, 1999). The majority of the identified SNPs in this study were in
non-coding regions immediately adjacent to the CLN6 and CALML4 gene coding regions. SNPs
found in these regions can affect biological functions such as splicing and gene regulation
(Jaenisch and Bird, 2003; Cargill et al., 1999). However those identified in this study were of

low significance, as they did not segregate with the NCL disease phenotype in sheep.

The known SNP identified in exon 7 (c.822C>T in reverse complement) was found to segregate
as expected in the normal Coopworth and carrier South Hampshire sheep. However, the
reference sequence contained the T nucleotide, which is the allele associated with the disease in
the South Hamsphire NCL research flock. This SNP has been identified in unrelated sheep from
different breeds and the ovine reference sequence which comprised of consensus between the
early ovine genome draft (OARv2.0), ISGC, CLN6 and CALML4 published mRNA sequence,
unpublished in house genomic DNA and BAC sequencing (Chapter 5).

As indels play an important role in biological processes and human disease (Ley et al., 2003;
Strausberg et al., 2003; Pao et al., 2004; Cox et al., 2005), their accurate detection, annotation,

and characterisation are critical for high-throughput human resequencing studies. Although
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indels were detected in the coding sequence of the CLN6 and CALML4 genes, these did not

segregate with the NCL phenotype, thus no further analysis were implemented at this stage.

Employment of the LR-PCR and SOLID sequencing approach worked successfully due to
rigourous consideration of possible issues in the design stage of the study. Prior to sequencing,
the purified amplicons were pooled in equimolar ratios using molar information obtained from
the Bioanalyzer analysis. It is known that accurate equimolar pooling is important for equal
distribution of reads, sufficient coverage and successful variant detection (Harakalova et al.,
2011). Our experimental design of sequencing two equimolar pools of 7 LR-PCR products each
per animal resulted in successful sequencing for all 8 sheep with an overall good uniformity in
coverage. However, some inconsistencies in read alignment (read depth and position) were

observed.

Poor quality samples usually produce lower depths of sequencing (Ulahannan et al., 2013) which
might have contributed to low coverage for PCR region *C4dr’ across all sheep, however, this is
not likely to be the reason why sheep 4 in PCR region “2ir’, sheep 2 in PCR region “3dr’, sheep 6
in PCR region ‘4ar’, sheep 7 in PCR region ‘3ir’ and sheep 1 - 4 in PCR region ‘5fr’ had
relatively low read depths (Figure 7.6). The PCR products for those regions in these animals did
not have the lowest amount of DNA when compared to other animals in the same PCR region
(Table 7.5).

The low sequence read depth in PCR region ‘Clcr’ is not likely due to DNA quantity issues
(Table 7.5). In instances where long-range PCR products are equimolarly pooled sequence
coverage drastically drops in fragments smaller than the average length (Knierim et al., 2011)
which in our case is 4 kb. However, ‘Clcr’ is 4.5 kb longer than average length and the reasons
for the poor read depth in all animals for this region as well as the lower read depth for specific
regions in some animals described above remain unclear. Considering that the read depth in
these “lower coverage” regions was at least 1,000 reads, they are still sufficient for mutation

screening.

Unexpected read alignments was observed for one or more animals in both tracks of the same

sheep in these PCR regions: sheep 1 - 6 in PCR region ‘5fr’, sheep 2 in PCR region ‘C2ar’ and
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sheep 1, 2 and 4 for PCR region “C3cr’ most likely occurred because of human error. This could
have taken place during the pooling of multiple PCR products from different reactions to achieve
the minimum amount of DNA for SOLID sequencing. Ideally, this should have been identified in
the Bioanalyzer analysis but the three PCR regions are of similar sizes (between 3.4 to 3.7 kb) so
this might have been undetected. Review of the Bioanalyzer data did not show any unusual peaks
to indicate possible mixing of samples from these different regions. Alternatively, human error
could have occurred when creating equimolar pooling of amplicons from individual wells in the

96-well plates into two pools of seven non-overlapping LR-PCR products.

The various SNPs and indels identified by the service provider, when compared to the ovine
reference sequence, did not correspond to the disease phenotype in the South Hamphire sheep.
Visualisation of sequence reads in GBrowser suggested that a large deletion occurred in all three
affected South Hamsphire sheep in the regions of PCR product “2ir’, positioned approximately at
39,920 - 40,335 bp in the ovine reference sequence and 14,836,464 - 14,838,151 bp in the
OARvV3.1 ovine genome sequence. Considering that the LR-PCR region “2ir’ contains exon 1 of
CLNB®, the large deletion is highly likely to include the whole of exon 1 as well. Alignment of
this region to the OARV3.1 revealed a large gap in sequence, thus confirmation of the sequence

could not be established yet.

However, the identified variant was positioned in a region where all sheep appeared to have
relatively low coverage in sequence with less than 1000 reads, located within an unsequenced
gap region in OAR7v3.1 (39,980 - 40,330 bp) which in addition has been reported to be difficult
to sequence in other species (Tammen et al., 2006). Sequencing challenging templates has been
shown to decrease the sequencing coverage irrespective of method utilized (Sanger or NGS)
(Bachmann et al., 2003; Kieleczawa, 2006; Yu et al., 2013). Bioanalyzer analysis of all the 112
LR-PCR products showed that the length of all the products was not significantly different from
expected sizes and that sizes among animals of different phenotypes within a specific region did
not show any significant differences. Statistical analysis of the data (Table 7.6) further supports
this observation showing that there were no significant findings suggestive of the disease causing

such a large insertion or deletion.

The difficulties of sequencing this region with both Sanger and NGS approaches is most likely
caused by the extremely high GC content of 81% and the various motifs and repeats (see GC
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content and Repeatmasker tracks in Figure 7.6) which required the addition of PCR additive
DMSO (Winship, 1989) for effective amplification of the PCR product ‘2ir’. Approaches to
sequence through these templates have been suggested; however they all seem to be quite
specific to particular types of difficult templates and not broadly applicable for all templates.
Such examples include using a novel method termed *Slow down PCR’ (Bachmann et al., 2003)
and a combination of both DMSO and betaine additives in the PCR for sequencing through GC
rich regions (Jensen et al., 2010).

Further work arising from these studies could include the verification of the genetic variants that
do not segregate with the disease phenotypes. The SNPs and indels identified in this study were
not confirmed by independent methods, and could represent sequencing errors or could be due to
errors in the reference sequence. After comparison with information about known genetic
variants in the ovine CLN6 and CALM4 genes (e.g. ENSEMBL variation tables for these genes),
any new polymorphisms might be of interest for future research in relation to protein function

and/or genetic marker development.
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CHAPTER 8: VERIFICATION OF A LARGE
DELETION ASSOCIATED WITH THE SOUTH
HAMPSHIRE SHEEP NCL DISEASE PHENOTYPE

8.1 Introduction

LR-PCR amplification and next generation sequencing with the ABI SOLID platform identified
a novel deletion of approximately 415 bp, spanning exon 1 of the ovine CLNG6 gene and flanking
sequences (Chapter 7). This deletion segregated with the NCL disease phenotype in the South
Hampshire sheep. This chapter describes further characterisation of the deletion to determine
functional effects. Efforts to develop a diagnostic test for NCL in South Hampshire sheep are

also discussed.

8.2 Materials and methods

8.2.1 Sheep genomic DNA

Genomic DNA was collected from eight affected, five carrier and two normal unaffected sheep
from the NCL South Hampshire research flock, as well as from two Merino sheep from the
University of Sydney (Table 8.1). These genomic DNA samples were used as templates for PCR
amplification and sequencing and were prepared using methods described earlier (Chapters 2.5,
2.6 and 2.7). Genotyping of these sheep with direct and indirect DNA tests for NCL is described
earlier in this work (Chapters 2.1.1 and 2.1.2). Six of the samples (SH1022/07, SH1032/08,
SH1033/08, SH1038/08, L06 and LO7) were also used in initial identification of the deletion by
LR-PCR amplification and SOLID sequencing as described in Chapter 7.
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Table 8.1: Animals used for PCR amplification and sequencing.

Relationship between
No ID Breed animals Genotype Phenotype Total amount of DNA
1 CPW384 Coopworth *GG normal 30 mg
2 CPW392 Coopworth *GG normal 31 mg
3 SHO09/00 South Hampshire *AA affected 38 mg
4 SH1007/07 South Hampshire *AG carrier 41 mg
5 SH1008/07 South Hampshire *AG carrier 42 mg
6 SH1009/07 South Hampshire *AG carrier 43 mg
7 SH1021/07 South Hampshire *AA affected 32mg
8 SH1022/07 South Hampshire *AA affected 35mg
9 SH1023/07 South Hampshire *AA affected 34 mg
10 | SH1024/07 South Hampshire *AA affected 38 mg
11 SH1025/07 South Hampshire *AA affected 38 mg
12 SH1032/08 South Hampshire *AG carrier 39mg
13 SH1033/08 South Hampshire full sibs *AA affected 38 mg
14 | SH1037/08 South Hampshire *AA affected 38 mg
15 SH1038/08 South Hampshire *AG carrier 40 mg
16 L06 Merino **CC normal 20mg
17 LO7 Merino full sibs **TT affected 20mg

* Genotype identified using the indirect DNA test for exon 7 polymorphism in South Hampshire sheep (Tammen et
al., 2006)
** Genotype identified using the direct DNA test for exon 2 missense mutation in Merino sheep (Tammen et al.,

2006)

8.2.2 Primers and PCR protocol

Five primers were designed manually from the ovine reference sequence generated in Chapter 5,

at position 39,732 to 40,535 bp (Figure 8.1), to amplify the region containing the disease

associated deletion between positions 39,920 and 40,335 bp (Figure 7.6). Primers were screened

in Netprimer (http://www.premierbiosoft.com/netprimer/index.html) and paired for PCR using a

variety of combinations and thermocycler conditions. Primers were synthesised commercially by

Sigma. Primer sequences and positions on the ovine reference sequence and ovine chromosome

7 genome version 3.1 (referred to as OARV3.1 from here on) are shown in Table 8.2.
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Table 8.2: Primers for amplifying the disease associated deletion

Primer | Direction Sequence 5'>3" Position on OARV3.1

F1_Eld | Forward ATCGCCGTGGCTGAGA 14,835,554 - 14,835,569
R2_E1ld | Reverse | ATACAGGTTTCGGGGAGCC | 14,836,579 - 14,836,561
F3_Eld | Forward CGAGTGGGCGAGGAAAC | 14,835,619 - 14,835,635
R4_E1d | Reverse GAGCGCAGCAGATCCCA | 14,836,529 - 14,836,513
F5_E1d | Forward CGCTGGGAAGACCCAC 14,835,650 - 14,835,665

\Qiagen Hot Start DNA Polymerase and supplied reagents were used for amplification of the

targeted regions. Polymerase chain reaction with a total reaction volume of 20 pl was performed
using 1X Qiagen Buffer, 1.5 mM MgCl;, 0.2 puM dNTP, 20 pmol of each primer (using
combinations of primers in Table 8.2), 0.15 U of Qiagen Hot Start DNA Polymerase and 50 ng

of genomic DNA.

The following thermocycler conditions were used to optimise the primer combinations: 95° for

15 min for polymerase activation and DNA denaturation, followed by 33 cycles of denaturation

at 95° for 30 sec, annealing temperatures (T3) at 55, 60, or 62°C for 30 sec and extension at 72°C

for 60 min, and an additional extension at 72° for 1 minute followed by cooling down at 4°C for

15 min. Following PCR, amplification products were checked using agarose gel electrophoresis.
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* —so—> F1E1d 100

Ref NCLseq : cceccccc CCGI .c. Icccl I IGCG CCCGGIGCC GCCGGGCCI IGGGCCGcImrcceGG CCCGGGGE : 108
RepeatMask : MCCGCCCCCAMICCG CCCAG GCG CCCGGEGCCAGCCGGGEE GGGCEGE CCCGGGCCEGGGGE - 108
ACCGCCCCCATTCCGAGTTTCTTGGATCCCAGATGAGCGATCGTCCCGGAGCCAGCCGGGCCATGAGGGCCGCTGATCGCCGTGGCTGAGACTCCCGGGTCCCGGGGC
* 120 140 — > F3Eld 160 —1gb FSEld . 200
Ref NCLseq : Iclccc GGIGCCGCGGIGGCGIGGCICImGC GC GGCGIG [CGGRAGACCCRCECGGGE CCGGGGICC CGGCCCGCGGCC 1 216
RepeatMask : [JCHCCCHAGGAAGCCGCGGHGGCGHGGCHC GCHIGCAGGCG CGGGGCCGGGGHC 1 216
TCTCCCAGGAAGCCGCGGAGGCGTGGCTCAAGCGAGTGGGCGAGGAAACAGCTGCAGGCGTAGCGCTGGGAAGACCCACCCGGGGTCCGGGGTCCACGGCCCGCGGCC
220 * 240 260 * 280 * 300 * 320
Ref_NCLseq - CGGACCCCCCGLCccaeeccGAmC IGGC GCGCCCGGLCEGLGLGLLCGGRGCCGLCCCGLCCGLRCCLGGGEGCCGCCECCGLGLEGL C : 324
RepeatMask : NIMEWWW!.C CG GGC NNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNN & 1 324
CGGACCCCCCGCCCGCCCGATCACGTGGCG A A
* 340 * 360 380 400 420
Ref NCLseq : GC.CC ICCGGCCAGGCCClICGECCeCat GCCGGIGC GC.CI Iccec GGCCGIGGC GCG.GCGICICC GEGLGGGGGEGGGGEHGGG - 432
RepeatMask : GCIAACCIICCGGCCAGGCCCIICGCCCCGCHGCCGGIAGCHGE CCGCHGGCCGRAGGCHGCCRRAGCG mmmm 1 432
GCTAACCTTCCGGCCAGGCCCTTCGCCCCGCTGCCGGTAGCTGCAAACAGGTTCCGCTGGCCGAAGGCTGCGAAAGCGAACATCCAGCGCGGGGGCGGGGCTGGG
440 »* 460 * 480 * 500 * 520 * 540
Ref NCLseq : GEGGGEGHAGHEGECEGEGECECCCCHECAGECCECEGCCEEGGGGCEGCCHGEEGGEGGGGGCEECCECCHGCHCECCECECCCRCECECRGCCEGGEGGGGGECHGENE - 540
LTSN u VY COREN NN NNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNG (Rt
GCGGGCGAGAGCGAGAGCGCCCGCACAGCGGCGCGGGCCGGGGGCGGAGCCGGCGGGGGGCCGTGACCAGGAGACGCGCCGCAGAGCGAGGGAGGCGGGGGCGAGCTC
* 560 * 580 * 600 * 620 640
Ref NCLseq : CCCGGEEGGGCHGGGGECCHGGGGECCHGGCCECCHGGCCECCHGGCCCECCHGGCCECCHGGCCECCHGGCCECCRGGCHEGGCECEHAEGCECEGGCGECCCHCGGGE - 648
RepeatMask : CCCGGECCG NNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNN CGGEGCGGGGCCHCCHCGGGE : 648

CCCGGCCGGGGAGGGGCGGAGGGGCGGAGGGGCGGAGGGGCGGAGGGGCGCAGGGGCGGAGGGGCGCAGGGGCGGAGGGAGGGCGCACGGCGCGGGGCCTCCTCGGGC

4_
R4E1d 4—660 680 x 0 R2E1d 240

Ref_NCLseq : [IGGGEECHGCHGCGCHC CGCGI IGGCCCGGGGC GG.CIGCC I ICIGGGIGGGC GGG CGIGGGG.GGCCI I : 756
RepeatMask : olelolel [© [cfelolololelelelelo fe - (¢ (elole GGGHGGGCIAGGGACGHGGGGIMAGGCCHGIM : 756

TGGGATCTGCTGCGCTCCCGCGTGTGGCCCGGGGCAGGAATCTGCCTAGGCTCCCCGAAACCTGTATAGTAGTCAAGGGTGGGCTAGGGACGTGGGGAAAGGCCAGTT

760 * 780 * 800
Ref_NCLseq : [€G CC-CICICIGGGIGGIGCCGIGICIGG.CCCIGI : 804
RepeatMask : CGHCC CHCHCINGGGARGGEGCCCRGHCHGG CCCHlIGH : 804

CGACCTAAATACTCTCTTGGGAAGGAGCCGAGACTGGATTTCCCTTGT

Figure 8.1: Positions of primers for the validation of a large disease associated deletion. CLN6 exon 1 and 5’ flanking sequence from the ovine reference
sequence at position 39,732 to 40,535 (Chapter 7) are illustrated with GeneDoc (Nicholas et al, 1997). The ovine reference sequence is shown with (RepeatMask)
and without (Ref_NCLseq) repeat masking. The position of exon 1 is indicated by a black box (sequence is reverse complement in accordance with the genome
assembly). The positions of primers used for amplification of the disease associated deletion in affected SH sheep is indicated by blue boxes and arrows and the
position of the deletion in the ovine reference sequence is marked by pink shading of the consensus sequence.
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8.2.3 Sanger sequencing of PCR products

PCR products generated from seven animals (SH1021/07, SH1025/07, SH1007/07, SH1008/07,
SH1009/07, L06 and CPW384) using primer combination F3_E1d (forward primer) and R4_E1d
(reverse primer) were used as sequencing templates at an annealing temperature of 60°C. PCR
products were purified using EXoSAP-IT, then 10 pmol of either the forward or reverse primer
was added to approximately 20 ng of the PCR product in a final volume of 12 pl. Due to the low
yield of the PCR products from carrier sheep (SH1007/07, SH1008/07, and SH1009/07), these
products were only sequenced with the forward primer. Eleven sequencing samples were shipped
to the AGRF sequencing service provider (Adelaide, Australia) and sequenced using the Applied

Biosystems 3730 capillary sequencers (AB3730) (Figure 8.2).

8.2.4 Bioinformatics analysis

8.2.4.1 Sequence output and multialignment

The first few bases of sequences were trimmed to remove bases with a Phred quality score under
20 (< Q20) and sequence signal intensity less than 700 (Table 8.3). These trimmed sequences
were visualised using BioEdit sequence alignment editor (Hall, 1999) manually aligned to one-

another and to the ovine reference sequence using GeneDoc (Nicholas et al., 1997).

8.2.4.2 Insilico evaluation of predicted effects of the deletion

In silico approaches were used to predict the effects of the identified deletion, as it was beyond

the scope of this study to assess functional aspects of the mutant gene in the laboratory.

An additional 7 codons in the published CLN6 sequence are predicted to code for the amino acid

methionine (Tammen et al., 2006). It was considered that some of these codons represent
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alternative start codons in the affected South Hampshire sheep. The known exon-intron
boundaries were added manually to the diagram in order to visualise the positions of these

methionine amino acids in relation to the coding exons.

Visual inspections of transcript variants of both human and mouse CLNG6 entries in the Ensembl

genome database (http://asia.ensembl.org/index.html?redirect=no) were used to investigate the

possibility of splice variants that do not use the start codon in exon 1. The sequence of the
alternative exon 1 was used in BLAST searches against the nucleotide collection (nt), reference
RNA sequence (refseq_RNA), and expressed sequence tags (est) to identify if similar sequences
exist in sheep or any other species, or if they match to the 369 bp conserved non-coding

sequence (CNCYS) identified in an earlier study (Chapter 3).

The ovine and bovine cDNAs for CLN6 obtained from Genbank IDs DQ458790.1 and
NM_001109984.1, respectively, were also used in a BLAST search against nucleotide collection
(nt), reference RNA sequence (refseq_RNA), comprising the NCBI transcript reference sequence
and expressed sequence tags (est) from various species to identify splice variants in sheep and
cattle not listed in Ensembi.

The rVISTA software was used to find potential regulatory elements by analysing sequences for
the presence of known eukaryotic transcription factor binding sites (TFBS) (Loots et al., 2002).
The 540 bp of normal Coopworth sheep sequence (including the region of the proposed disease
causing deletion) was used as the input sequence, as well as the human comparative sequence
found by BLAST analysis of positions 32422 - 32725 bp of human Genbank ID: NG_008764.2.
Transcription factor EB (TFEB) Microphthalmia-associated transcription factor (MITF) and
common eukaryotic promoters CAAT, GC and TATA were chosen from the transcription factor

database (TRANSFAC; http://www.gene-regulation.com/pub/databases.html) matrices available

via the software to refine the analyses.
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8.3 Results

The only PCR pairing that amplified a product of expected size in normal animals was that of
forward primer F3_E1d and reverse primer R4_Eld. PCR products generated in animals of
different phenotypes were approximately 600 bp and 150 bp in length (Figure 8.2). Several
animals did not demonstrate visible products, for some animals unspecific bands were noted and

not all carrier animals presented with the two expected products.

$1025/07(4)
S1023(4)

=
A
o
O

Figure 8.2: Agarose gel visualisation of PCR products generated with primers F3_E1d and R4_E1d. The
identification of each animal is shown at the top of the gel image (phenotypes in brackets, N= normal; A= affected;
C= carrier). Relevant fragment sizes of the Fermentas GeneRuler 1 kb Plus DNA Ladder (M) are shown on the left-
hand side of the 1% agarose gel. Affected animals show a 150 bp product, normal animals a 600 bp product and
carriers are expected to show both bands. Red boxes and blue arrows show PCR products from seven animals

selected for sequencing.

Eleven sequencing reactions, comprised of three carrier sheep sequenced with only the forward
primer, and two normal and affected sheep each sequenced with both forward and reverse

primers, generated a 16 to 481 bp of high quality sequence data (Table 8.3).
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Table 8.3: Quality bases and signal intensities for each sequencing sample

Animal | Disease phenotype | Sequencing primer | Bases* | Sequence signal intensity**
CPW384 Normal F3_Eld 472 2011
CPW384 Normal R4_Eld 474 2187
LO6 Normal F3 Eld 476 2730
LO6 Normal R4_Eld 417 1297
SH1007 Carrier F3_Eld 481 751
SH1008 Carrier F3 Eld 428 1336
SH1009 Carrier F3_Eld 441 3730
SH1021 Affected F3_Eld 86 2810
SH1021 Affected R4_Eld 92 1864
SH1025 Affected F3_Eld 45 2928
SH1025 Affected R4_Eld 16 1012

* Number of quality bases detected with a Phred quality score higher than 20
** Signals over 6000 may produce poor read

Sequences generated for affected, carrier and normal animals (Appendix 6) were aligned against
the ovine reference sequence (Figure 8.3). Sections of sequence chromatograms that defined

break points of the disease associated deletion were determined (Figure 8.4).

187



* 20 * 40 &0
ref Seq : EcHclcccEcHc GHG.G.G GIG.GIG.GGG.G (efelele] 105
Bffected @ CGAGTGGGCGAGGAARCHEG €} GGG G [Elele) i GEGE 77
Carrierl & ——————— e GGGGE 64
Carrier? © ——————--——————————— GGGG 54
Carrier3 : GEEGE 64
Mormal H GEGE 97
ref Seq H 174
mffected : -
Carrierl : 170
CarrierZ : 172
Carrier3 : 170
MNormal H 204
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Figure 8.3: Alignment of sequence surrounding the disease associated deletion in animals of various phenotypes. The sequence is of the reverse strand.
The 402 bp deletion in affected sheep is indicated by a red box. The mismatched sequence between carrier animals and aligned sequences starts where the
deletion begins, and runs the length of the affected 144 bp as indicated by a black box. The published 83 bp exon 1 CLNG6 sequence is underlined in orange and
the start codon underlined in green. Sequences and positions of PCR primers are shown as non-shaded sequences at the beginning and end of the alignment.
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Figure 8.4: Chromatograms illustrating the boundaries of the 402 bp deletion and 1 bp insertion (g. -251 +150del and g.+150 151insC) associated with NCL in South
Hampshire sheep. Eight base pairs of the sequence flanking the deletion are highlighted by green boxes in affected, carrier and normal sheep and the 1 bp insertion is highlighted by a
red box in the affected sheep. The chromatogram of the affected sheep is shown as a continuous sequence in a single box. Carrier and normal sheep chromatograms are shown in three
boxes (a, b and c). Box (a) indicates the sequence prior to the deletion, with double sequence (indicated by stretch of Ns representing the ambiguity in base calling) emerging at the start
of the deletion in the carrier sheep. Box (b) shows in the carrier animal the re-emerging of normal sequence at the end of the 144bp PCR product that represents the deletion allele
(double sequence prior to the re-emerging of normal sequence is represented by stretch of Ns). Box (c) shows normal sequence for both normal and carrier sheep after the deletion.
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The disease associated deletion was identified as a 402 bp deletion and 1 bp insertion, namely g.-
251 +150del and g.+150_151insC. In affected sheep this resulted in the deletion of exon 1 of
CLNS6, which includes the start codon. An exact position of the deletion in the current ovine
genome assembly is difficult to provide as the deletion partially overlaps with a gap in OARV3.1
(deletion position: 39,949- 40,331 bp and gap position: 39,980- 40,330 bp) (Figure 8.5). The gap
in the OARV3.1 is most likely attributable to the presence of GC-rich sequence motifs (see
repeatmasker track) in this area. SOLID sequencing of LR-PCR amplicons (Chapter 7) also
identified poor overall coverage of the sequence represented by this gap in OARV3.1.

Ref _NCLseq
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 E E E B H HNCL causative mutation
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Figure 8.5: GBrowse visualisation of postion of the g.-251 +150del and g.+150 151insC mutation in relation
to exon 1 of ovine CLN6, LR-PCR product 2ir, Oar3 ovine reference sequence for chromosome 7:39,519-
40,619 and repetitive sequences as identified by repeatmasker. The ovine reference sequence is used as the
reference sequence and the position of the mutation (g.-251_+150del and g.+150_151insC) is indicated by the red
bar, which largely overlaps with a gap in the Oar3 reference sequence (indicated by the light blue bar ‘sequence not
determined in Oar3). Repetitive motives are shown in dark blue (see repeatmasker track) and the positions of exon 1
and intron 1 of CLNG are indicated by the orange box and a line named CLNG6, respectively (see gene track).

Sequencing identified differences between the ovine reference sequence and the sequenced
animals, as well as variations between sequenced animals (Figure 8.3). The PCR product for the
normal allele varied between animals, from 540 bp in the normal Coopworth sheep, to either 545
or 546 bp in the carrier South Hampshire sheep. The affected allele in the South Hampshire
sheep was shown to be 144 bp. Sequence alignments in Genedoc, as well as the chromatograms,

clearly show the double sequence in carrier animals starting where the deletion starts, up to the
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144 bp length of the affected allele, after which the normal sequence re-emerges (Figures 8.3 and
8.4).

Following sequencing verification of the deletion in affected and carrier animals, further
attempts to optimise the PCR to develop a direct DNA test continued both in Australia and also
in New Zealand (Nadia Mitchell, Lincoln University), with the mutation validated in 7 additional
animals (1 normal, 3 carrier and 3 affected). However, optimisation for carrier animals failed,

and inconsistent amplifications of the two expected amplicons was a persistent problem.

Tammen and colleagues (2006) reported that quantitative PCR (gPCR) with CLNG6 specific
primers amplified products from cDNA of affected South Hampshire sheep, however at
significantly reduced mRNA quantity when compared to carriers or normal sheep. This spurred
an investigation of the effect of the deletion mutation on formation of mMRNA which identified
seven potential alternative start codons in the published predicted CLN6 protein sequence
(Tammen et al., 2006). Five of these were conserved between sheep, human, dog and mouse,
with the first additional methionine amino acids positioned at the end of exon 2 (Figure 8.6).The

remaining methionine amino acids were found in exons 3 to 7.
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Figure 8.6: The published ovine CLNG6 predicted protein sequence (Tammen et al., 2006). Seven additional
methionines present in the coding sequence are indicated with green arrows. These methionines could potentially act
as alternative start codons in affected South Hampshire sheep. The known exon-intron boundaries were added
manually using red lines and labelled accordingly, to visualise the positions of those methionines relative to the
coding exons.

Visual inspection of the human Ensembl transcript variants (Figure 8.7a and b) shows 3 splice
variants lacking exon 1 with alternative start codons, namely, CLN6-002, CLN6-004 and CLNG6-
007. Variants CLN6-002 and CLNG6-004 suggest that an alternative exon 1 is positioned
approximately 28 kb upstream of the primary CLNG6 exon 1 in humans. BLAST analysis of this
sequence resulted in significant matches against predicted gorilla uncharacterized partial mMRNA
(NCBI reference: XM_004056391.1), and predicted rhesus macague CLN6 mRNA (NCBI
reference: XM_001082578.2) as well as the human reference sequence (NCBI reference:
NG_008764.2) and human cDNA clones (GenBank: AC107871.10, AC021553.14, AC067837.6,
AK124013.1, AK293197.1). The sequence did not align with the 369 bp CNCS sequence

identified in Chapter 3 and was not identified in any other species.
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Human variant CLN6-007 implies the existence of a splice variant that is lacking exons 1, 2 and
7. This variant is described as having a retained intron, which is an alternative splicing, believed
to be largely derived from unspliced or partially spliced pre-mRNAs (Galante et al., 2004). In
mice, splice variants CIn6-003 and CIn6-004 appear to lack exons 1 and 2 or exons 1, 2 and 3,
respectively. Variants CIn6-002 and CIn6-003 are considered to undergo nonsense-mediated
decay, a pathway where aberrant mRNAs that encodes incomplete polypeptides due to existence
of premature stop codons, are eliminated once they are detected during gene translation (Baker

and Parker, 2004). This pathway functions to reduce errors in gene expression.
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Figure 8.7: The Ensembl images showing CLN6 gene transcripts for (a) humans and (b) mice in negative and
positive strands, respectively. There are 10 transcripts of varying length detected in humans, 6 of these being
protein coding; and 4 in mice, of which 2 are protein coding. In humans, variants CLN6-002 and CLN6-004 suggest
that an alternative exon 1 is positioned upstream of the published exon 1, and variant CLN6-007 suggests a splice
variant that is lacking exons 1, 2 and 7 might exist. In mice, splice variants CIn6-003 and CIn6-004 appear to lack
exons 1 and 2 or exons 1, 2 and 3, respectively. (Images were taken from the Ensembl human and mouse CLN6
entries: http://asia.ensembl.org/Homo_sapiens/Gene/Summary?db=core;g=ENSG00000128973;r=15:68499330-
68549549 and
http://asia.ensembl.org/Mus_musculus/Gene/Summary?db=core;g=ENSMUSG00000032245;r=9:62838785-
62852006).
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BLAST analysis of the ovine and bovine cDNAs found no evidence of splice variants in sheep
and cattle. The human and sheep CNCS sequences retrieved BLAST hits of highly similar
regions in human and mouse genome regions, as expected, based on the outcome of VISTA
analysis in Chapter 3. Short sequences (<40 bp) with high E-values between 0.52 X 10°° and
0.024 X 10*° in regards to ‘ref_seq’, respectively were also found.

The rVISTA analysis identified 4 MITF and 2 TFEB binding sites in the 5” upstream of ovine
CLNG6 intron 1, within the region deleted in affected South Hampshire sheep, which was
positioned between 78 and 475 bp of the input sequence from normal Coopworth sheep (Figure
8.8). The CAAT box and GC box were detected throughout the sequence, with 12 GCs
conserved between human and sheep and positioned 5’ upstream of exon 1. Seven of these GCs
are included in the deleted sequence. The aligned sequences did not appear to contain a TATA

box.
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Figure 8.8: Output of therVISTA analysis showing binding stes for CAAT, GC, MITF and TFEB identified
in sheep and humans. The plot of conservation identifies the level of conservation between sheep and humans for
this region. The positions of intron 1 and exon 1 are identified by blue bars, and the turquoise bar represents the
5’UTR sequence. The disease-associated deletion is positioned between 78 bp and 475 bp in reverse complement
and identified by a red bar. The TRANSFAC matrices are shown on the left with “*_all’ indicating accumulative
sites found in both species and “*_conserved’ indicating sites conserved between human and sheep.

8.4 Discussion

A novel deletion of approximately 415 bp in NCL affected South Hampshire sheep was initially
identified using LR-PCR amplification and SOLiD next generation sequencing (NGS) (Chapter
7). This approach successfully identified the disease-associated deletion, but did not determine
the boundaries of the deletion accurately and also could not identify if heterozygote animals for
the disease allele were heterozygous for the deletion. To verify the deletion, PCR products
spanning the deletion were Sanger sequenced in additional affected, carrier and normal animals.
The resulting sequence identified the exact site and size of the deletion and confirmed that
carriers of the disease were heterozygous for the deletion, whereas homozygous normal animals

did not have the deletion.
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The NCL disease associated mutation, (g.-251_+150del and g.+150 151insC) which comprises a
402 bp deletion and a 1 bp insertion, includes the 83 bp sequence of the complete first exon of
ovine CLNG6. Alignment of the affected to the normal sheep identified the position of the deletion
at 39,949 - 40,330 bp of the ovine reference sequence generated in Chapter 5. This varied
slightly from the position predicted from the LR-PCR amplification and sequencing approach,
which was 39,920 - 40,335 bp (Chapter 7 and Figure 8.1). This minor discrepancy arose because
there was difficulty in indicating the exact breakpoints of the deletion based exclusively on

visual inspection of SOLID reads of normal, carrier and affected animals using Gbrowse.

In a previous study, Tammen et al. (2006) claimed that they sequenced the full coding region of
ovine CLNG6 in affected South Hampshire sheep without finding any mutations. This is in
apparent disagreement with the findings presented here. However, it was also reported that
sequencing of exon 1 was difficult, notably due to the high GC content of 82%, as compared to
humans at 77%, and others have also reported difficulties with sequencing the 5’ region of the
gene (Sharp et al., 2003). High GC-rich contents are known to result in problems with traditional
Sanger and NGS sequencing (Bachmann et al., 2003; Kieleczawa, 2006; Yu et al., 2013). Thus,
it was not surprising that the SOLID sequence generated for this region resulted in low number

of reads in normal animals as shown in Figure 7.6.

Sequencing the ovine CLNG6 exon 1 was conducted on nested PCR products (Haff, 1994) in the
experimental work described by Tammen et al. (2006) (Nadia Mitchell, pers. comm.). It is
possible that despite stringent use of negative controls, contamination with either an ovine cDNA
CLNBG6 clone used in the lab (Tammen et al., 2006) or PCR product representing the normal allele

was still present.

Tammen et al. (2006) also reported significantly reduced CLN6 mRNA transcript levels using
gPCR on cDNA from affected South Hampshire sheep and an apparent tendency to intermediate
levels in heterozygote sheep (although there was no significant difference between normal and
carrier South Hampshire sheep). Primers used spanned the exon 2/3 and exon 3/4 boundaries and
thus did not contain the g.-251_+150del and g.+150_151insC deletion. This change in expression

was not noted in Merino sheep with the CLNG6 variant. It was hypothesised that the disease
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causing mutation in South Hampshire sheep was a regulatory mutation. However, the finding of
this study, namely that a large deletion including the entire exon 1 is likely to be disease causing,
questions whether any transcript would be expected to be found in affected animals. An in vitro
study investigated CLNG transcripts in normal sheep and other species, in order to predict any
possible effects of the deletion on mRNA formation, in relation to the findings of Tammen et al.
(2006). This low mRNA transcript occurrence was thought to be most likely due to alternative
splicing (Tammen et al., 2006), where different combinations of exons are spliced together to
produce different mMRNA isoforms of a gene (Gilbert, 1978). Cross-species transcript information
can predict whether an exon is alternatively spliced with a fairly high degree of accuracy
(Philipps et al., 2004).

The disease-associated deletion, which includes exon 1, has led to the loss of the primary ATG
start codon of ovine CLN6 (Tammen et al., 2006). The 7 highly conserved methionines identified
in exons 2 - 7 in the predicted gene protein sequence could potentially act as alternative start
codons. In many genes, the initiation or the start codon is located in unconventional regions, such
as in exon 2 (Mnatzakanian et al., 2004) and 4 (Ren, 1994) of the Methyl-CpG binding protein 2
and human A; adenosine receptor genes respectively. This occurrence is likely because gene
translation is not necessarily initiated at the first ATG encountered by the ribosome, but rather
the triplet codon must be within an appropriate consensus sequence (Latchman, 2005) before

translation can begin.

The TATA box, although included in the list of matrices to be identified, did not appear in the
deleted sequence. This is not surprising, as the TATA box, which is often within the gene core
promoter, is found in only 24% of human genes (Yang et al., 2006). Most genes lack a TATA
box and use an initiator element or downstream core promoter instead. Furthermore, the TATA
box could be further upstream from the investigated sequence, which only extends for 313 bp

upstream of the published exon 1.
The human CLN6 transcript variants CLN6-002 and CLNG6-004, which both contain an

alternative exon 1 upstream of the gene, showed significant sequence matches against human and

non-human primate CLNG6 sequences, but not high sequence similarity to any other species, nor
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with the 369 bp CNCS sequence identified in Chapter 3. This, and the indication that CLN6-004
is protein coding shows that this alternative exon is likely to exist in primates, but might not exist
in non-primates such as sheep and cattle. This may also be due to the reference sequence being

poor in this region due to high GC content.

Alternative splice variants that start in exon 3 (CLN6-007 and CIn6-003) and 4 (CIn6-004) in
humans and mice might also exist in sheep. However, they would not explain the gPCR results in
the 2006 study by Tammen and colleagues, as the primers used in the gPCR study in South

Hampshire sheep were positioned across the exon 2/3 and exon 3/4 boundaries of ovine CLNG6.

In sheep, alternative splicing has been documented that excludes exon 5 (Tammen et al., 2006)
but this is not likely to be affected by the mutation discovered in this study. Considering the large
number of splice variants reported, a further splice variant that uses an alternative start codon in
exon 2 to initiate translation into protein is possible, and could explain the very low mRNA
transcript detected in the affected SH sheep as compared to normal sheep. Interestingly, there
was evidence of alternative splicing affecting the human CLNG6 exon 1 for one of the haplotypes
reported in the NCL Mutation Database, however, these patients were later identified to have
mutations in CLN7, and thus no further investigations in relation to the CLN6 gene were carried

out (Sarah Mole, pers. comm.).

These bioinformatic analyses have given some evidence of the potential existence of splice
variants that lack exon 1. Further work should involve RNA sequencing, which is a next
generation sequencing of cDNA giving a snapshot of RNA presence and quantity from a genome
ata given time (Chu and Corey, 2012). This would result in a more accurate understanding of the
existence of varying transcript forms and levels in normal, carrier and disease-affected South

Hampshire sheep.

Proving that a mutation is disease causing, and not just a genetic variation, can be challenging.
Previous studies have identified CLNG6 as a strong positional candidate gene for NCL in South
Hampshire sheep due to linkage analysis (Broom et al., 1998; Tammen et al., 2006) to a region

which was homologous to the regions containing NCL causing CLN6 genes in humans, mice,
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Merino sheep and dogs (Wheeler et al., 2002; Sharp et al., 2003, Gao et al., 2002; Tammen et al.,
2006; Katz et al., 2011). This is supported by the finding of extraordinarily tight linkage to an
AJG allelic variance in exon 7 that has been used to predict disease status in the South
Hampshire flock (Tammen et al., 2006). This SNP has been used to predict the disease status of
the offspring of 22 matings of GG normal, AG carriers and AA affected animals without any

errors (Nadia Mitchell, pers. comm.).

The large deletion identified in Chapter 7 and verified here, is the only variant that appears to
segregate with the disease phenotype and is expected to have a large effect on the structure and
quantity of the resulting protein. Unfortunately, we were not able to develop a direct DNA test
that allowed confirmation that the deletion is segregating in the wider population. Furthermore,
any investigation on the effect of protein function, structure, localisation and quantity is
compromised by the lack of a reliable antibody that detects CLN6 protein in sheep (D. N.

Palmer, pers. comm.).

The function of the CLNG6 protein is poorly understood (Mole et al., 2004; Kollmann et al., 2013)
which makes it difficult to predict what the exact effects of lack of CLN6 protein on cellular
function might be. However, the CLNG6 protein has been predicted to encode a transmembrane
protein (Sonhammer et al., 1998) with the structure typically modelled as a simple multiple pass
protein localised to the endoplasmic reticulum membrane (Kmoch et al., 2013). It is still unclear

how mutations in the protein lead to lysosomal dysfunction (Mole et al., 2011).

The identified deletion is predicted to lead to a shortened protein product in affected South
Hampshire sheep, and would likely not fulfill the same function as the normal CLNG6 protein.
Assuming that the deletion does not interfere with the splicing of the other exons, another
potential translation initiation site is predicted in exon 2 at cDNA position 195, but function
would depend on the proximity of promoter and regulatory elements. If such a protein is
produced, it lacks the N-terminal region likely to code for the insertion signal sequence of a

transmembrane protein and protein folding editing motifs.
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There are currently 53 known mutations in the human CLNG6 gene that cause the childhood form
of NCL or variant late infantile NCL -vLINCL (Sharp et al., 1997), and 15 mutations causing
adult onset NCL or ANCL as well as Kufs type A and B (Arsov et al., 2011) listed in the NCL
Mutation Database: http://www.ucl.ac.uk/ncl/cIn6.shtm. Five of these causative mutations have
been documented in exon 1 (Wheeler et al., 2002; Arsov et al., 2011; Kousi et al., 2012) in

human patients with NCL. These were mostly missense mutations except for one single base pair
deletion reported by Wheeler et al. (2002), which leads to a frame shift mutation. Exon 1 is thus
likely to code for functionally important sections of the protein. In humans, a pentameric repeat
polymorphism, although non-disease associated, has been found upstream of human CLN6
(Sharp et al., 2003). The specific number of these pentameric repeats varies, with an example of
five copies present between —-179 and —203 in cDNA FLJ20561 (Genbank ID: AK000568).
These repeats are not related to the repeat sequences found flanking the ovine deletion described
in Chapter 7. Insertion of a GC rich sequence CTCCGCTCCGCCCCGCCTCC between -195
and -214 in the human CLN6 gene (Kousi et al., wunpublished data;
http://www.ucl.ac.uk/ncl/mutation.shtml) was not identified in the comparable ovine region

sequenced in Chapter 8.

In other genes, deletions of exon 1 have been described to cause disease. A 674 bp disease
associated deletion spanning the start codon, exon 1 and adjacent 5’ sequence, was identified in
the lamin AC (LMNA) gene responsible for inherited myocardial fibrosis in humans (van
Tintelen et al., 2007). This deletion resulted in a decrease in protein in the carriers as compared
to non-carriers (control). No alternative product was detected from the mutated allele, which is
likely because the truncated protein is less stable (van Tintelen et al., 2007). A decrease in CLN6
expression has been observed in the heterozygous South Hampshire sheep, although, in contrast
to LMNA, the CLN6 mutated allele produced some mRNA, albeit in significantly lower amounts
(Tammen et al., 2006).

It has been envisaged that the GC rich sequence 5° to CLN6, which was difficult to sequence,
was likely to contain regulatory elements (Sharp et al., 2003; Tammen et al., 2006). The effect of
the deletion on such regulatory elements was investigated using rVISTA, which identified six

potential TFEB and MITF transcription factor binding sites within the deleted region. The
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coordinated lysosomal expression and regulation (CLEAR) (Sardiello et al., 2009; Palmieri et al.,
2011), which is part of the lysosomal gene network, has revealed possible associations with
mechanisms causing lyosomal dysfunctions in lysosomal storage diseases or LSDs (Settembre et
al., 2013) such as NCL. One of the mechanisms involves the role of transcription factor EB
(TFEB) that binds to CLEAR target sites in promoters of lysosomal genes and regulates gene
expression (Sardiello et al., 2009).

Several genes causing the various forms of NCL disease including PPT1 (CLN1), TPP1 (CLN2),
CLCNY7 and CLN3 have been reported to have direct TFEB and MITF targets with a known role
in lysosomal function (Palmieri et al., 2011). Thus, deletions of these binding sites (if they are

functional) are likely to affect the regulation of potential remaining splice variants of CLNG.

To establish support for the claim that the g.-251 +150del and g.+150 _151insC mutation is
disease causing, development of a DNA test to genotype a large number of additional animals
from the SH research flock as well as non-related controls is in progress. Currently, there is only
an indirect DNA test available for routine diagnosis of NCL in the South Hampshire sheep
(Tammen et al., 2006). However a direct DNA test is more desirable because it examines the

presence or absence of a known mutation.

A DNA test employing PCR amplification using primers immediately flanking or further away
from the deletion site followed by gel electrophoresis was anticipated to be an efficient disease
screening method. However, primer design was challenging, as the region surrounding the
deletion contains a high number of repeats, G-C rich in content (74.3%) and primers were
predicted to contain secondary structures (as analysed by Netprimer). Prior to primer synthesis,
these primers were searched using BLAST against the OARV3.1 genome assembly and BLAST
hits returned between 18 to 25 chromosome hits including the targeted chromosome 7. Although
this is a high number of hits, which will likely reduce primer specificity, primers were

synthesised as no alternative was available.

Due to these challenges it was not surprising that only one primer combination amplified
products of the expected size. Unfortunately, despite many attempts and usage of several PCR
additives (DMSO, Qiagen Q solution and Betaine at 1M) to optimise the PCR conditions, a
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reliable test was not obtained. Consistent amplification of all samples was not achieved and low
quality DNA samples would often fail. Furthermore, preferential amplification of one allele
relative to another was observed in obligate carriers. Preferential amplification has been
described to occur due to several mechanisms, including significant differences in the length of
the alleles and mismatches between the primer and a specific allele template, which favours
amplification of the allele best match to the template (Walsh et al., 1992). Here, a significant
difference in length is the most likely explanation. Considering that the position of the primers is
in non-coding regions and we have observed genetic variation in animals sequenced in the non-
coding regions (Figure 8.3), mismatches between primers and primer binding sites might also

have played a role. Future work could include trying different polymerases.

Other genotyping approaches were considered apart from the classical PCR amplification and gel
electrophoresis method for fragment size analysis employed in this study. For example,
incorporation of the TagMan deletion assays (Applied Biosystems, USA) into Real-Time PCR
reactions have been shown to genotype mutations of various sizes successfully, including a 276
bp indel (Robledo et al., 2003) and a 308, 769 bp deletion in the GJB6 gene (Fedick et al., 2012).
This method incorporates allele-specific probes designed to anneal to the mutation and custom
primers that anneal to the sequences flanking the mutation site in a real-time PCR reaction.
Fluorescence is measured using specific software and genotypes inferred based on these values
(Hui et al., 2008). As the design of the probes and primers is critical to the success of the assay, it
important to use a reference sequence that is high quality and well annotated, which is
challenging for this study, as the region of interest is extremely GC-rich and contains abundant
repetitive elements. ldentification of a single nucleotide substitution as the disease causing
mutation for NCL in the Merino sheep (Tammen et al., 2006) utilised a combination of PCR
amplification, restriction fragment length polymorphism identification or RFLP (Kan and Dozy,
1978; Botstein et al., 1980; Uryu et al., 1990) and agarose gel electrophoresis. However this
method is not suitable for this mutation, as the initial PCR fragments would clearly indicate

genotype of the animals and thus not provide differentially cleavable sites for RFLP.

Future work could include an mRNA study using the deletion as a target for the probe to more
accurately measure levels in heterozygotes, and also confirm using other probes whether there

are other alternative transcripts in affected animals. Another future work arising from these
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studies includes developing a diagnostic test in order to screen for NCL in additional animals.
This test will subsequently replace the existing indirect DNA test (Tammen et al., 2006) as a
routine test for future management of the South Hampshire sheep. This involves not only testing
more SH research flock animals with known disease status, but also unrelated animals of

different breeds, which should not have the deletion.

In conclusion, the 402 bp deletion and 1 bp insertion in the CLN6, namely, g.-251_+150del and
g.+150_151insC identified in South Hampshire sheep affected with neuronal ceroid
lipofuscinosis is proposed to be the disease causing mutation. This mutation is deletion of the
whole of exon 1 containing the ATG start codon. Given the deletion and expression of some
MRNA in affected South Hampshire sheep (Tammen et al., 2006), the likelihood of alternative
splicing was also explored, with possible alternative start codons in the 5° upstream or in exons 2
— 7 of ovine CLNG6. Although there was no functional validation of the identified deletion, the
significance of this finding not only will facilitate the development and implementation of
genetic testing for the South Hampshire breed of sheep, but will also improve the understanding

of the disease in both sheep and human forms of this variant late-infantile NCL.
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CHAPTER 9: GENERAL DISCUSSION AND
CONCLUSION

Neuronal ceroid lipofuscinoses (NCL/Batten disease) are a group of diseases that occur in many
species and are caused by mutations in at least 17 distinct genes
(http://www.ucl.ac.uk/ncl/mutation.shtml; Bond et al., 2013). Although South Hampshire (SH)

sheep are one of the best characterised NCL animal models, the disease causing mutation had not
previously been identified in the coding region of the positional candidate gene, ovine CLNG6
(Tammen et al., 2006). The main objective of the research described in this thesis was to

discover and characterise the mutation responsible for NCL in SH sheep.

The lack of ovine genome sequence was the main hindering factor at the beginning of this
research in 2006. Therefore multi-species sequence alignment for the genomic region
surrounding and including CLN6 was initially used to identify possible conserved non-coding
regions, as these might represent regulatory elements that should be prioritised for mutation
screening. A new ovine sequence for the region of interest was consequently developed.
Advances in next generation sequencing (NGS) technologies (Zhang et al., 2011; Liu et al.,
2012; Koboldt et al., 2013) and access to increasingly more accurate ovine genome assemblies
over the years (Cockett, 2003, 2006; Archibald et al., 2010) resulted in changes to the research
plan and allowed this study to succeed and reveal a combined 402 bp deletion and 1 bp insertion
in ovine CLNG, namely g.-251_+150del and g.+150_151insC as the proposed disease causing
mutation. The mutation is predicted to lead to the deletion of the whole of exon 1 and the ATG
start codon as well as flanking non-coding sequence. The research presented here supports

evidence that ovine CLNG is the causative gene for NCL in SH sheep.

Unlike human NCL variants caused by mutations in CLN1, CLN3, CLN5, and CLNS8, there is no
evidence of a major founder mutation in CLN6 for humans (Sharp et al., 2003) or in sheep
(Tammen et al., 2006). The mutation identified in this research makes it a total of 80 reported
mutations (including non-disease causing variations) in CLN6 across all species to date

(http://www.ucl.ac.uk/ncl/mutation.shtml). Of these reported mutations, 68 mutations are located
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in the coding regions (http://www.ucl.ac.uk/ncl/mutation.shtml); Bond et al., 2013) and 12 in

non-coding regions (http://www.ucl.ac.uk/ncl/mutation.shtml; Bond et al., 2013) of the gene.

Two reported mutations in humans are located upstream of exon 1 (Sharp et al., 2003; Kousi et
al., unpublished). Sharp and associates (2003) described a polymorphic pentameric repetitive
element CTCCG present between —179 and —203 of CLNG6. Although the repeat element was not
associated with the disease in humans (Sharp et al., 2003), and different repetitive elements were
identified in the ovine sequence in this region (Chapter 8), the high level of repetitive elements
and the richness of GC content upstream of exon 1 and including exon 1 provided challenges in
the de novo genome assemblies as well as any attempts of mutation screening for NCL at both
the DNA and RNA levels (Sharp et al., 2003; Tammen et al., 2006). Insertion of the sequence
CTCCGCTCCGCCCCGCCTCC bhetween -195 and -214 in the human CLN6 (Kousi et al.,

unpublished data; http://www.ucl.ac.uk/ncl/mutation.shtml) was not present in the comparable

ovine region (Chapter 8).

Following formation of a reference sheep sequence (Chapters 3 to 5), two mutation screening
approaches were implemented to address the main objective of this research. Both approaches
essentially aimed to re-sequence specific regions of the ovine genome in multiple individuals for
the identification of a genetic variation that segregates with the disease. The first approach,
namely, sequence capture and targeted sequencing with the 454 Pyrosequencing platform
(Chapter 6) failed. Sequence capture aimed to isolate and enrich a specific genomic region using
hybridization prior to NGS (Porreca et al., 2007). With this technique, genomic DNA samples
and reference sequence for capture-probe design were provided to the service provider, who
generated the custom designed probes and conducted the capture and enrichment. Challenges
likely relating to capture probe design and constraints of this method with regions of excessively
high GC content (Porreca et al., 2007), led us to abandon further analysis of the 454 data once it
was identified that this approach did not capture DNA representing the region of interest at
sufficient depth (Chapter 6). The second approach involving sequencing of LR-PCR products
with the SOLID NGS platform (Chapter 7) successfully identified the proposed disease causing
mutation. The LR-PCR amplification method was more challenging and laborious than sequence

capture as it involved extensive optimisation of 14 long-range PCR products covering a large
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region of 49,123 bp for each of the six genomic DNA samples chosen to represent three affected,
two carriers and one normal sheep. This approach was time-consuming and it took six months to

optimise PCRs and amplify sufficient amounts of PCR products for all regions.

If the research would commence at the present time, with a sheep genome available as reference
sequence and relatively low costs for whole genome sequencing, the most efficient approach
would be to sequence the complete genome of an affected and a carrier sheep with sufficient
sequencing depth and to then identify possible disease causing mutations in the region of
interest. However, considering the problems observed with both Sanger and NGS methods to
sequence the GC-rich areas around and including exon 1 (Tammen et al., 2006; Chapters 4 to 7)
such an approach would have only been successful if sufficient deep sequencing data could have

been generated.

Most known CLN6 mutations are point mutations or very small deletions or insertions (Sharp et
al., 2003; Tammen et al., 2006), which makes this mutation the largest mutation identified in
CLNG6 so far. Different mutations in CLN6 in humans have been known to cause NCL variants
described to have late-infantile (Wheeler et al., 2002; Kousi et al., 2012) or adult onset (Arsov et
al., 2011). Although SH and Merino sheep share very similar NCL disease aetiology, they have
distinct mutations and onset of diseases (Graydon and Jolly, 1984; Mayhew et al., 1985; Jolly,
1995; Cook et al., 2002).

It is interesting that a single nucleotide substitution in position ¢.184C>T in Merino sheep
resulting in an amino acid change (p.Arg62Cys) with normal levels of mMRNA transcript
(Tammen et al., 2006) appears to have a more severe impact on onset and disease progression
than missing all of exon 1 and having substantially less mRNA transcript in SH sheep. It would
be expected that larger deletions with a predicted large effect on the resulting protein would
cause more severe clinical signs than mutations that cause a replacement of a single amino acid.
Such cases are demonstrated in patients with Cri-du-chat syndrome where larger deletions are
likely to result in more severe intellectual disability and developmental delay (Rodriguez-
Caballero et al., 2010) and Jacobsen syndrome where the degree of neurocognitive deficiency is

strongly associated with the size of the deletion (Mattina and Grossfeld, 2009). However, the
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lack of understanding of the function of the normal CLN6 protein (Kollmann et al., 2013; Prof.
D. N. Palmer pers. comm.) and limited information on splicing variants and their function
(Chapter 8; Tammen et al., 2006; Dr. S. Mole pers. comm.) make any discussion on the impact

of specific mutations speculative.

Identifying the NCL causative mutation was anticipated to improve diagnostic strategies using
DNA testing. The indirect DNA test routinely used in the current experimental research flock is
effective because all the animals in the flock are genotypically configured (normal ‘GG’,
heterozygotes ‘AG’ or affected sheep ‘AA’) (Tammen et al., 2006). However, recombination
between the SNP and the disease causing mutation is always a possibility when using an indirect
DNA test (White and Gemmell, 2009). In fact, recombination has been observed in a single
sheep in the SH research flock (Tammen et al., 2006). The indirect test is predicted to be
ineffective in the wider population because the *A’ allele linked to the disease mutation in the SH
research flock occurrs at a high frequency in other sheep breeds including animals sequenced in

the publicly available sheep EST sequence and BAC library (Tammen et al., 2006).

A direct DNA test that detects the specific disease causing mutation rather than relying on a
polymorphism associated with the disease would be more accurate than an indirect test.
However, developing a direct DNA test for this deletion mutation using PCR has been difficult,
and as discussed in Chapter 8, has produced inconsistencies in amplification and preferential
amplification of one allele relative to the other in carriers. However, the need for a commercial
DNA test might be limited. South Hampshire sheep are a unique breed which is not widely used
for production, and localised only in New Zealand (Prof. D. N. Palmer pers. comm.). The disease
has so far only been diagnosed in one flock by Jolly and West (1976) and animals from this flock
were used to establish the SH NCL research flock. Screening for the mutation in other SH flocks
and other breeds would allow for the estimation of the allele frequency to see if the disease is
more common than expected. Incidence of inherited diseases is often underreported, especially in
livestock and in diseases with delayed onset. In New Zealand the ovine NCL cases were reported
in the Borderdale breed, and these sheep were consequently identified to represent a model for
the human CLN5 forms of late-infantile NCL (Frugier et al., 2008). Identification of the disease

causing mutation in Borderdale sheep (c.571+1G>A) has resulted in successful surveillance for
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the disease in the research flock (Frugier et al., 2008). Irrespective of an immediate need for the
test for the SH NCL mutation in a commercial setting, a direct DNA test to enable a more
reliable and effective screening of this mutation in the current SH experimental flock should be

developed .

The information gained in this research provides support that ovine CLNG is the causative gene
for NCL in SH sheep and thus allows for more effective strategies for developing therapeutic
approaches. It is well understood that different therapeutic approaches are required for NCL
disease caused by defects in soluble lysosomal proteins compared to defects in membrane
proteins (Mole et al., 2011; Augustine et al., 2013; Bennett and Rakheja, 2013). Treatment
strategies for NCL caused by defects in membrane proteins are limited (Kohan et al., 2011;
Augustine et al., 2013) and animal models that represent diseases caused by such defects in
membrane proteins are therefore of special interest (Bond et al., 2013). Previous therapies
evaluated in SH sheep have included hematopoietic cell transplantation (Westlake et al., 1995),
and anti-inflammatory drug therapy with minocycline (Kay and Palmer, 2013), which were not
dependent on knowledge of the disease causing gene or mutation. Unfortunately, neither of these
approaches resulted in reduction of clinical signs or pathology. A confirmation that NCL in SH
sheep is caused by a mutation in CLN6 would be an essential prerequisite for collaborators in
New Zealand to proceed with their gene therapy approach for ovine NCL (Linterman et al.,
2011; Hughes etal., 2014).

It is anticipated that a combination of different therapeutic approaches will be needed to develop
a cure in humans (Kohan et al., 2011), particularly for those variants caused by defects in
membrane proteins. Therapeutic approaches might include combinations of gene therapy with
pharmaceutical approaches potentially to be developed, if the disease mechanism is better
understood. However, any therapeutic interventions for treatment of human patients will require
preclinical evaluation of safety and effectiveness in animal models before human clinical trials

can commence (Bond et al., 2013).

SH sheep are considered to be an excellent model for NCL in humans due to their long lifespan,

brain size and structure, as well as presentation of clinical progression which closely resembles
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that in humans. Moreover, the discovery that subunit ¢ of mitochondrial ATP synthase (SCMAS)
is the main storage material in the SH sheep (Palmer et al., 1989a) resulted in the crucial finding
that SCMAS is the main storage material in most human and animal NCL variants (Hall et al.,
1991; Martinus et al., 1991; Jolly et al., 2002a). The identification of the proposed disease-
causing mutation in this breed and confirmation that it is indeed a model for the CLN6 variant in

humans has further strengthened the invaluable role of this animal model.
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APPENDICES

Appendix 1

Unpublished genomic sequence for Ovine CLNG.

This genomic sequence was provided by a collaborator (N. Mitchell, Lincoln University, pers.
comm.) and used to supplement the ovine ‘Ovis aries’ CLN6 mRNA sequence (GenBank:

DQ458790.1) for cross-species sequence analysis.

>0CLNG6_12601bp

ATGEAGCCT CCGECGOEGAGECGECACCCEEEAGCEECEEECAEECT CCEECECECAGCCGEECECCTCCTTCCTGCA
GGCCAGGT CEECECECECOEEEEECEEAGOEEGAACCECEECOCCECCACGTGATCGEECEEECEEEEEETCCEEEC
CGCEEECGTGGACCCCGCEACCCCAEGTGEGT CTTCCCAGCGCTACGCCTGCAGCTGT TTCCTCBCCCACTCCLT TG
AGCCACCCCTCCCCCECT TCCTGEGAGAGCCCCAEGACCOGEEAGT CT CAGCCACGGEOGATCAGCGEGEOCCTCATGEC
CCGCECTGECTCCEEGACGAT CACTCAT CT GGGATCCAAGAAACT CGGAAT GEGEEECEGET GECGEECAAGCCCATACGA
CACTGCCGCTCAAAT AGGECCOCCAAAGCGCCT GCAAGT CCCEEGCACCAACCCAAGI TCECATAGT CCTTCTAACC
ATGACTAGAATTTGGATTCTGGT GT TAACGEGAGECTCACT CCT TGCT CCRAGGACCCAWAAT GT TGGGAATGCTAM
AAAAGACAACT AAAT GT GGAAACT CCCTCAAGAGAAAAACCAGGACCECTTTACCGACACTGT TGCTGT TCCTTTC
TCCAGCAAGGTAAAAGTACTGATTTATGI TTTGATCTTGAGGCCGAAACT TGEGECGAATAAAAGGACAAAAGCT GC
CTTTAATCTTCCACT TCACT CGGT CTCATTCCATGT AACAGGCACCAACAT CAATGCAAAGAAAAGAGATTTGTAAA
CATTCCOGT GEGT CCCAGOGT TGAAACAGAGT GGGT AAACT GAGCCCGGAGEEGOCCCAATCCCTAGEERGGGGGGEG
TTAAAGAGTTYCMCCCKGGTATTTKKTGKGGGGGCTTTTAATTKGAGGATGGGTGGGCTTGGGTGAMCACTTCKTTA
NTCCTGGCMCMCCARKAAARTGTGGGCAMCTKGGGCMGGAGGGGGGKGGGATTAGGGAAAGGANTTTAGGNTTGACC
TTTGGNTCAAACCCCACTTCCACACCCCCTTTCCATTCTGCCACCAGGAGGGATAATGRGATTCCCCCAACAGGCTT
GSCTTCCCTGAGCTTTTGAGTTGCTCTAGCAACCCCARGTGGGGACCATTCKTTKGGAATTTGGGCTGAAAAAGGAT
TCCCCAGAAAAATTACCGAAAGCAATAGCAGTGCTKACAGAGGGAAACCTTCATGGCACCTCTAAGCTAATGTTTGA
TTAGCCGCTGAAACGAACAGGTAARRWWSMMWRACTAAGTCACTTCAGTCATGTCTGATTTTTTGCCACCTCATGGA
CTGTATAATCCACCAGGCTCCTCCGTCCATGGGATCTCCCAGAATACTGGAGTGGGTTACCGTTTCCTTCTGCAGGG
GATCTTCCTCACCCAGGGATCAAACTCACATCTCGTCTTGGCAGGCAGATTYTTTACCACTGAGCCACCAGGGAAAC
CTATGACTTTAAGACTAGAGGTTAACAGCAGAAGCTCTGAAACGTAATCATTTGAGGCAACCTGCTCCCGTATTCTT
GCCTGGAGAATCCCCATGGACAGAGGAGCCTGGTGGGCTGCAGTCCACGGGGTCGCACAGAGTCAGACACAACCGCT
TACGCACAGCACAACAGCACTTAACGTCTTGGGCTCAGTTGTTTCACTTGTAAAATGAGGGTAATAGTGTGACCTCA
GAGGGTTTCTGTGAGGATTAAGAGACTTAAATGAGATGGTACATGTAAACAGCTTGGAGGAGTGCCTGGAATTGTAG
AAAGTGTTCGGTAAAGCCTAGCTAGCATCATCCATCGCCATGTTTCATGCCTTTCAGCCACGTTTGCATCCTCTGCT
CCATCCGATCTCCCCGTCACCTTATAGACTTATAGGTGAGAGCCCAGTGTGACTGTATCTGTTGAGTATTTTCCTTC
TTGAATCCTAGAGAAGCAACTGTCAGGGCAGACGGAGTCCATCTCCGATCCCTTCCCCCAGGCCCCAGTACTTCGAG
CCAAACCTTTGCCTAGAACGTTAACCATGCTGCTGTTTCCTCCTGCCCACAAATTCCTGTGGCTTGTCCTGGTGGGG
AATCTTCCCATGGAGGAGAGGAGGGCTGACTGCTTTCGTTTACTTCTTTCCCAGGCACAGCT CCGT CAAGGCTGACG
AGCCTGCTGECACGECTCCCT TCCACCT TGACCTCTGGT TCTACT TCACT CTGCAGAACTGGGT TCTGGACT TTGEC
CGCCCCATAGCCATGGTGAGCATGAAGCTGTGGATGGAACCCCCCAACTGGCAGTGTGGAGACAGTGTGGTCTGAAT
GATCAGAGTGACCTCAGACAAGCCCTTGCCCCTACTGGTACACTGTGAGAATGCGGTCCCTTAGTGCTGCGGCCGTA
CCCAGTGTGGCAGCTGCCAGAGAGTGGGGGATCCGAACAGTCGTACTGTGGTGTGACCCCACCACCTGCCCCAGTAT
CTCGCATTCAGGTTGAACCAAAGCACCAATTCAGACAGTGGAGTATGGAAAAGGATCCTACCAGTCTTGCCCACAGC
CTTGGATAGAATTGTGTTTTCTGGAGGTGAAGAGTATGGGCTGAGTGTGCGTGTCATATGTGCCTTGAGCCTTGGGT
AATTTTTAGTGTCGTCTCGTGAAACCGTCCCCTTCTCTCCAAGGCCACCCCATGCCTCAGCGTACAGTGGTGGCCTC
TGTGGAGATTAACACTGGAAGAGCACCAAAGCCCCTCACTTGATGAGCAGCTAGACAGCTAGATGGATAGACAGATA
GGTAACAGAAGGTGAGGTATCACCATGTACTGAGGTGTTAATTTTTGCATATGGGTGGTAAAAACAACAATATCCAG
CTCTGAAGCTGACACCTTGTACATGCGAGTGATATTGCAAAGTAGCAAAGTCCTTTGGGAAAGCAGATGGTCAAGGT
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GATAACTGGTACTTAGATAGTGCCTAGCAAGATATATTCCTGTCCTAAAGGAATAACAATAATTACAGTAAGCTAGA
AGTAGCAGTTAAGATCTTTATGTGTTTAAACTTCTTAATTCTCCCATCAGTGCTATTGTTAATCTCGGTTTTGTAGA
TGAGAAGACTTTGGACAGAGAGGGTAAGTAGCTGGCTCGGGGTCACCCAGTCCGCAAGTGGAGGAGCCAGCATCTGC
CACCCCCACCCAGGCACTCTGGCCCCAGAGCCCACCCCCCATTTCCATCATGATTGTATTCAGAACCCTAATATGTT
CATCCCGCCTGGCTCAGTACGACCCTTTCCTAGAATCTGCCCTGAAGATGTAATCACAGGCGAGAGCCTGTGCCAAA
GGTGTTCACTGCAGTGTTGCTCACAATAGCCAAAACCTGGAAGGGACTTGAGTGTCCAGCAGTAGGGACTGGGTAAG
TCAGCTTTGCTCTATGCAGGATGGAGGATGCTGTCTGGGCAGTGAACAGGAATTGTGGGTACTATAGAGCATTCTGG
AAGGTTTAAGGAGAAAACAGATGCCTGGGTGGCATGCACATGAGCTGCCTGCCAGTCAGTAACGGCCCAAACGATCT
TATATACGTGGGATCCAAGACTTCACGGGGATGAAGAAAAGCTGCTGGCAGTGGTTTTCGGGGAGGAGGTATGGTGGA
TGCTGAGTCTCCTTTCTGTAGGCTTTTGGTAAGGTTTACAAGCTGTATTTTAAATGTAAGTGAAGAAAAGGGACTGA
CCCAGGAGTCAGGGCACCCAGTCAGGTTTGTAGGTGATTTGGGGCAAGTCTGTGTCATCTGCGGAGAAGGCAATGGC
AACCCACTCCAATACTCTTGCCTGGAAAATCCCATGGGCAGAGGAGCCTGGTAGGCTGCAGTCCATGGGATCGCTAA
GAGTCGGACACAACTGAGCGACTTCACTTTCACTTTGCACTTTCCTGCATTGGAGAAGGAAATGGCAACCCACTCCA
GTGTTCTTCCCTGGAGAATCTCAGGGACGGGGGAGCCTGGTGGGCTGCCGTTATGGGGTCGCACAGAGTCAGACACG
ACTGAAGCGACTTAGCAGCAGCAGCAGCAGCAGTATCATCTGGGCTTTGGTTCTCTCATCTGTAAGAAGACTGGTTG
GACCAGCTGACCTGAGCCCCCTTGCAGCACAAAGGTTCCAGGGGACAAAGGAGCTGCCCATCAAACTGGTGTTCCAG
GGAGAGAGGAGATGAGGCCAGGGTGGCTCGTGGCTCTCCTCACTCACTAAGACTCAGCCTCATCTGGCCTAATAGGG
CTCCCCGGTAGGGCAGATCACCTCCCGCCATCCTGCTTAGAGTCGCTGTGGCCGCTGTAAGCCTAAGTGGGCTCAGG
AGGAGCATACATCTGAAAAGGTCTAGTGTATACATGAGCTTTTCAGATGTATACATGATAGTCTCAAATTTTTAATA
ACTGCAAAATAAAACCTTTTACAAGTTATAAAAGTAGTATGTCATGGTTCTATAACAAGTAAGTTCATCCCCAGTAA
TATAAAGAAGTGTGAGACTCCCTTTGCAGTCCCACTTCTGACTGTTTGGGGCGCATCCTTCCACTCCTTTCTCTGCT
CATGCAACACATGTGTACATCTCTTTTTTCCCCTCTAACCAAAATAAGATTTTACTTTATACCTTAGTCTATAGCTT
ACTTGTTTTACTTTAGACTGTTTCATGGATAGCTCTCCATGTCAGCACATACGAGGTGTCATCTCTGTTCATGGTTG
CTTAACCTTCTGTAATAAAGAGGTGCTGTAGTGTATTCAAGTAGTCCTGTTTGGTTGAAGAGTTGGCCTATTTCTGA
TTCTTTGCTATCACCGGGTGTTTCGGCCAGCTGTATATCTTGCTGTAGATAAAGCTATAGAGATGCCCACACAGCAA
GTAAGAAAGAGATTGAGACTCCTGTYTCTTGGGAGATTTATTTCTGCAGGTTGGTTTTATCCAGCACAACATTTTGT
AATTAAAAGAAATAAACATTTAAAGTTTTGATTGAAATTTATGATCGTTACAGGTGTTCTCCATCAGGAGATTCTAG
AGGTACAGTTTGGCAGAGCAGGGATTGGAAGTGTTGTGATCTTGTATAGGTGTTATCACACTAACCCCGACAAGGCT
GGACTCACTGGGGTAGACCAGTAGGAAGAACATGGGAAGTCCAGACAGAGGAATGGCCCTGGCCTGTCTCAGGGAAG
GTAGGAAAGGAAGCACTGAAACTGCGTTTAGAACTCACTTATTTTCTCCTTTGTTGCAGAAGGTATAGTTCTGACCT
GATTGGGAAGTGGTCCATCTGCTCAGTGGACAGGGCGTTTTTCACACCTGGGTGGTCAGCATTTCTTGTCATCATTC
TAAGGAGCCAGACCACTAAGGGTCCATGTAGACCATCTGGGCCACATTTCGTGTTACAGATGGGGAAACTGAGGCAG
GAAGAAGGGAAGAACTTGCCCTGGGGTCACCCAGAAGGTTTTTGGCATGCTTGAGTCCCAAAGGATCTTCCAACTCC
CAGGCTGGTGGGTACCAAGGGACCTTTACTTAGTATCCACAGGAAGAGGGACACAGGATCAGACTCTGGGTTTGTAC
CTGCTGTGTGACTGGGGACACGTCTACCTTCTCCGGGACTCAGTTTGTCTGGAAACACCTTCACCTCAGTGCTGCCA
GGAGGATTCCAGGAGATCACAGAAAGAGCACAGTGTGTGCAGAGGCAGTTCTNNNNCTGCGTGGGTCAGGCCTTGTA
AACTGCATTCTCCACTTACTCCCCAGCTGGTGTTCCCT CTCGAGT GGT TTCOGCTCAACAAGCCCAGOGT GEGEGAC
TACTTCCACAT GBGCCTACAACAT CATCACGCCCTTCCTCCTGCTCAAGGTACTACCCCAAGCCCCTCCTCTTCCTCC
CTGCCCTCGTTCCTTTCTCTGCTCTGCCGCTCAGCCCTGGGAGTGCCCTGAATCAGGCCGTCCCCTTGCCTGACTCT
GGGGGCCGAAGGCTATGACAGAGGGGATGTGTCAAGGGCCTGAGGGCCCCAGGGGAGGCAGGGCTGCCTCTGCCTGG
GAGGGATGGAGCAGACTTCCCCAGGGAGGGGCATGTGATTTGGGACTCCACCTGATGTGCCTGGGGGTGAACTGGGA
GAGACCTTCAKGCGGGAGTATCTGAAAAGAAGGCTGGGCTTGAGGAGCCGTGTTTGGGGAGGCTGAGGCGGAAGGAG
TGGCTGGCTTGCTCAGGAAGAGGTCAGGCACCAGTYGGGCAGGCAGGCTGGSGGCCGGASGAAGGAAGGGCATCAATG
GAGGGTGAACTCTCTCCTTCGGACCGAGAGCCCTGACTTTGAGGCGCCACTGGGAACAGAGAGATGTCTCCTAGAGG
GTTCTCTGATCTGCTGGCTTTGCATTTTTGCCAAGTAAAGGCTCTTAANNCTACTGCTATTTACTATCCCCATCCGT
TGMTGTTTTTAGAGACATTTCCGAACTTCCTTGGTGGCTCAGACGGTAAAGCGTCTGCCTATAATGCGGGAGACCCG
GTTCAGTCCCTGGGTCAGGAAGATCTCCTGGAGAAGGAAATGGCAACCCACTCCAGTATTCTTGCCTGGAAAATCCC
ATGGATGGAAGAGCCTGKTAGGCTACAGTCCATGGGGTCATAAAGAGTCGGACTCAGCTGAGTGACTTCATTTTCTT
TCTTTCAAAGTAAGGAAGGTGCAGTCTCTGAATTTGAAGGGGTCTTTAGTTAAACAACTTAGTTTCAGAAACACCTG
CCCCACATTTTTGTTTGCATGGTTCAGTTGCTCAGAAATGGGAGCAGCCCAGCCTCAACAGTCCAGCCCAGTCACCC
AGAAGTAGAATTAGGGGTGGTGGGAGGTCAGGGCCTGGCTTGCCTCTATGGAAGGCCTAGCTGTCATCTCCAGCACA
GTATATGGGTGTGTTTGACCTTGAGCAATGAGCTGGCCCCGCGGAGTGTGTTCCTTCTTGCGCCAAAGAGGGTGCTC
TTCCCCAGCACCTGCTGGGTTCACAGGGATCGTGTAAGATGATGGAGGCTGGACTGACTCCCCTAGAGGGAACCCGT
GTGAGAGAGGCTTTCCGGCTGGTGGCATCCATCCCACTCCAGGTGTGAGCGGGGCCAGCAGAGGGCGTCTCCGGTGG
TGATGGTGTCAGGGGTCATGCTGTGGGGCCTCCCTCTGACCTCAGCT CATCGAGCGGT GCCCCCECACCT TGCCACG
CTCCCTGATCTACGT TAGCATCATCACCT TCAT CAT GGEEECCAGCAT CCACCT GGT GGECGACTCAGI GAACCACC
GCCTGATCT TCAGT GECTACCAGAACCAT CTGT CGGT CCGT GAGAACCCCATCATCAAGAAT CTCAAGCCAGAGACG
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CTGGTGAGCCCCCACCTCCGCTGTGCGGTCTGTCCTAGAGGCGAAAGACATTGCCGACCCATCACAGGTGCCCCAGA
GAGAGCAGGTCGCCCCCCCAACCCACCCTCAACCCCCAGCCAGGATGCCCCCACCCAGATCCCCTCCTCCCCATAGG
GAGGGACTGGGGGCAGTTAAGGGAGGCATGGGCAGGCAGGGGGAGGGTAGCCGGGGGCTGCGCGGCCCGACACCCTT
CCTGAAGCCCCACCCTCTCTGCCCCCCGCCTGGCGTCTGCTGCCCCCCAGATCGACTCCTTTGAGCTGCTCTACTAC
TACGATGAGTACCTGEECCACTCCATGT GG TGAGTGATGGGGCCCATGGCCCCGGCCAGCTCTGCCGCTGGCCATAG
TGACGCTGAACAAGGGGCCCTGGGGTCTCCAAGTGTCCAGCCCAAACGCTGGAATGGCGTGCTCTTCCCCAGCAGGG
GGCGCTGTCGCTCCTCTGGCTCCCGCCTCGCCGCCTTCCGTGCCCACCGGCCCGCAGTGTCCGCGGCGGCCACTARA
GGGCAGCGAGCGCCTGTCCTCCCAGGGCCGGGGCTGCAGCGCTGGTAAACAACTCCCCCCACCCTGGGGATGAKGAT
GAGGACCCGGAGGCAGGGAGGGAGCTGASGAGGGCCGGCTGAACCAGGCTGGGGGCGASGTGGGAGTASGSSTGCTC
TTAGTGCCGCCTCCTCCTCCGAAMTCCCCTTGGRGSTCCTTCCTCCCACCCCTTCAMCCCACASCGGAGGAAACCTC
ACAGATGTGGGCTCAGCCACAGGAGATRCGGGCCGAGMTGCAGGCAGTSGTGTGTTCCAGAGCCCACTTTATCCCAG
GATGAGCTGGGGCCGATGGGCAGGGGCTTTGCCCATGGGCTGACAGMTAGTGCCAGAGCCACCCCTGGACATGGTGGC
CCCACTCCCGAGTGAGRTGGGSTCACTCGTGTCACGCGGGCCCYACATWGTCCTTCTGGGTTCTCTTTTGGGGCGTA
GAAAGTCAGGGTGTCYTTGCACACACAGRCCTCTTGCCAGTTCTCCCTGGCCTGTGCCAGGAGACCCTTCCCATGGA
AGASTGGGGAAGGGAGGAGGAGAGATGWACAGGGGCCTGGAGAAATGAAAGGGCCGGACTCGGAGGGAGTGGGGGCC
ACTGAGGGGAAGRTGGGGAAGGAGGTGAGTGGGGGTGCGAACAGAAAGAGGGTGCTGTGCCAGATGGCACAGGCGTG
TGGGGAGCAGCGTGTGTGTGTGTGTGTGTGTGTGTGTGTGTGCAGAGGAGAGAGGGTGGTACTTGGGTGAGCTTTGA
ATGGAAGGGGGTGAGGCTGGGGACTGAGTGTGAGTGAAGGAGCTTCACAGAGCTCCTGGGAGGTCCCCAGCAGGTGC
TGTTCCTCCCCTCACCCCTTTTTTCCCCCCAGACTGGGACCTTGGGCCTCTCCCCCCTCAACCCTGCAGGGTGCACC
CTTTCCCAAGGCAGTGAGGGGCTGGGGGNTGCTGGTCTTGGGCTGAGTGTGTGGGGCAGAGAGAGTGAGAGAGACAT
GCACACACGGGGAGTGAGTGAGGTGGSTGGGACAGTGTGGGAGGAGTTTGGCCCCACGCCCCTGCCCATGGCTSGGA
TCTGCAGGCSTCATCTTCCTTCCTAGACCCCCCGCCCGGGAGAGGCTGGGAGTGCCCTCACCCAAACAAAGTGAGAC
CGCACAGGGTGGTACAGGCAGACAGTCCTAGGACGGTGGGGGGACGGGGGCTGGCCGGCCGGGCGGCCAAGCAGCTG
AGCACCGGCTTCCCTATTGCAGGTACATCCCCTTCTTCCTTATCCTCTTCATGTACTTCAGCGGCTGCTTTACTCCC
ACCAAACCT GAGAGCTCAAT GCCAGEGEECAGCCCT GCT CCT GGT GGI GCCCAGCGECCT GTACTACT GG TGAGTGGA
TGGCGGACCTGGAGTGGCAGGGAGGGGGCCCCCTAGTGATCCAGTCAGTGACAATATTCTTCCGACCGCAGAGCTGC
TGTGTGAGCCCTGTGAGCCTCCCTGTTGGGGTCCCTGCTCCCTCCTCTTCAGTGGGGACTGGGACAGTGCCTCCTGG
CCGCCACTCAGTGACCAGGAAGGCGGGCCTGAGTGTGGCCTCTCTACACTCAGAGAGTAACCTCAGGGCCCATAGAA
TCCACATCGAAGCATAATTTCTGTGTGTGCTTAGTTGCTGAGTCGTTCCAACTCTTTGTGCGCCCATGGACTGCAGC
CCACCAGGCTCCCCTGTCCATAGGATTCTCCCAGGCAGGAATACTAGGGTGGGTTGCCATTTCCTTCTCCAGGGGAT
TTTCCCAACCCGGGGATCGAACCTGCGTCTCTTGTGTCTTCTGTGTTGCAGGCAGATTCTTCACCCACTGAGCCATC
GGGAACGCCCGGGGAGGGCTGTAGAGCAGAAGTCTGTAGAGCCTGGCAGGGTGGGAGGGGTGGGGGCTGAATGTCCC
CCTCTGTGAAATGAGGATGATAGCAGGCTGTCTCCCTTTTGGGACATGGTGAGAACCCAGAGGGAGAGAGAGGGGCT
CGTAAACCATGAAGCCTCATGGAGACGACAAGGATACTTACGGGGGAATTCCATGGCTTCAGGGTTTCCCACCTGGT
TTCCTCTTCCCATTCCAGAGGACCAGGCCTCAGCCAGGCTTTTCCCTCTCCTSTGTCACTTSTGCTCTGGAGACAGG
CTCCCCAGGGATTGTGGGTGTCTTAGAAAGGGTGGGTGTCCTAGCCCTTCTCTGGGGGGAAGCCTCCAGCCTAATGA
AAAAGGCCTCCTCTCCTGGGGCCTTCTCCCCCACCGCCAGGGGCTGCCCCTGGCCAGCAGTGAGGGTTCATGAAGGT
GAATCCACATGCCCACTGAGGACAGGATTAGAAGGAATGGGTGACGACCACAGCTGGAGGGAAAGAGGTGAGAAGTG
AGAAGAAGCTTAGCCCATTCTTACCCATGGTGTGTCAATGCGGTGACAGCTACAGGGGGCCATTCACCGAACAATGT
GCCTTTACAAGTATAGAGTTCTCATCAGTAACCTCGAGAGCTGGGGCCATTTATGCCCCCTTTATAAGTAAGAAAAC
AAAGGCTCCAAGATGCCATGTAAATTCCCAAGGTGACTCAGCCACTCAGTTGCAGAGCTATGCAGTTGCTTGAGTGG
GATGGGTCAGCATGGAGGGCAGGGGAGTGGATGAGATAACCTCTGGGAAGCCCTCCAGCAAGTGTTACTGCATTCCT
GGCCATATGCCAGCTACTGCCCTGAGAGCTGGAGGGAACCCTGGGGAATGAGACTGACCCAGCCTTCAAGGAGACAG
TCAGGACAACCCCATACACTGAAACTGCGTCCCAAACTCAGATGCCTTTCGGAACTAGACAAGAGATAGAAATGCAT
CAAGTAGGCATCAGGTGAGGCAGGAGGGAGTGGTGGGGACCGTGGCAAGCTGCGGGGCCATGCTGTCTCTGAGCAGC
TGCTTTCTCCTCGTCAGTCATTGTCATGTGGGAATATAAACCTAACGTTAGCAGGGAAGTCAGAACGCCACGTCGGC
AGGTAATCTGTTATTTAAATATTGGCAACAAACTCGACTTTTTGAAAAACAGTAATTCTAGAAGCCAGATCGGAATG
CTGTGTACTGGCCCTGGCTCGGAGCGGAGCCCCTCCCTTGATGCGCTCTTCTGACCGGCTGGGAGGGCAGCCTGGCG
CTTGGTAGAGGGCAGAACGCTGGGCAGGAGGGCCCCCACCCCTCACTGCCCGCCTGCCTCCTCAGGTACCTGGTCAC
CGAGGGCCAGATCTTCATCCTCTTCATCTTCACCTCCT T TGCCAT GCT GECCCT OGT CCT GCCACCAGAAGCGGAAGC
GCCTCTTCCTCGACAGCAACGECCTCTTCCTCTTCTACTCCTTCGCCCTCGCCCTCCTGCTCGTIGECGCTCTGEGTC
GCCTGCECT GTGGAAT GACCCCGT CCT CAGGAAGAAGT ACCCGEECGT CATCTAT G CCCCGAGCCCTGEECCTTCTA
CACCCTCCACGT CAGCAGCCAATACTGAGTCCTGGGCACAGGCCCCTGGTGCTCTGTGGGTGGGAGATGGATGGATG
AGAGTGAGTGTCGGGAGTGTGTGCGTGTGTGCACCCACTGGGGATGGACGGCCCAAGGTGTCTGAGTGTGCGGAGTG
TGTGTGTGTGCACCCACTGGGGATGGACGGCCGAAAGTGTCTGAGTGTGCGGAGTGTGTGCCTGTGTGCACCCACAT
GTGTGTAGCCCGCAGCTGAGAGTGTGGGTGAGAGTACGCCTGGTGCCTGTGGATAGGGGGTGGGGTGGGGGTGGGGT
GTGTGTGTGTGTGTGTGAGGCAGTGTGTCCAGACCAAGAGCTGGCCCCGGCCTTCCCGTGCACGCTGGAGTCGGGCC
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TTCTCACTCTCACTGCCCAGGGGCTGTCTCTTCCTCCTGGGTGTCTCCTGCGTAGCCGCAGGGGAGAGGCCTGGGTGG
GGCAGAGGTTGGGAGGGAACTTAGCCTGTCCCTACCGCCCGGCTCACCCCTCAGACCACCTGACCCTGAGGCCAGGC
CACAGGGGTTCCGTGAACCTGCTGTGTACTCATTTGCAATGCACCCCCTTCCCTGGGCCATGTTCGCAGCAGACGGG
CCGACGGGTCCCAAGTCGGCTGTGGGCTGGTTTGCCGTCTCCTCTCAGGGCAGCCTTGGCGAGGGGTGAATGGTTCCT
CCTTGTCCCGGCCTTCTTCAACCCTGGGAGGGGTATGTGCACCCCGGATCCTCACCCCACTGCAGGCTGCGTGGGGC
TGGGAGCCAGAGCCAGCCCTCCCCCAACTGCCGGCCTGATCTTGGGGTCTGGCAGTGGTCGTTCCCAGCCACCTTCC
CCTCCCGGGAACTCGGTCTCTGTCCCGCCTTCAGGATCGTGGCACCTGCTTCGTTCACCTGCTCAAGGTTTCTGAGT
ACTTGCACTCACTAGAGGCAGACATCGTGGGGCTCTCGTCAGCGTGTCTCAGCCTGAATCCACACCTGCCACCAGCG
GCCCTACTCCCAGGAAAGGGGGCCTTGTTCTGGCAAGATGCCCCCCACCCCAGCACCAGGGCCAGGCACACAGCCTC
GCTTCCTGGCATTGCTGGCCTTCATGCTTGTGAGGGGCTCAGGGGGGCTACCTCGCCTTCCCTGCCCTCCTCTCCTC
TCCTGTGCTGCCAGGGACTCTGCCTCAAATCCTCCTTTCATGTAGGGGTCCCCCAGCCCCGGTCAGTCCCTGTCAGC
TGGCAGCATCAGGGGTGAGCAGTGTGAATAAAGGCAGTGTGGAGCCAAGC
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Appendix 2

Conserved non-coding sequence (CNCY) identified using the VIST A program.

This 369 bp human specific sequence was identified to be highly conserved between human,
macaque, dog, mouse and rat when analysed using the VISTA multialignment program. This
region is located 5’ upstream of the CLN6 and 1,906 bp upstream of the CLNG start codon in the

human genome.

>CNCS

CGGACAGGGAGAATTCTCATCTTGI TCATTCAGAAAGGCCCAGCCCCCTGCCAGGT TAGACT CCCCT CCCCT CAAGG
GGTAGCAGCGGACT CCAGAAAAAACCCAGATGT GT TTGTAT T TAAGAGAT TGGAGGAT TAAATGAGCTAGAGAGECT
CCCTCCACACGGCCTCATCCTCTGAT GECT GGAAGCCCACCT CTGAGT GT TATTAAATCGATGATGACATCATGGGEC
ACTGCATGCCCCTCCCT CTGGAGCCCAGCCAGECT TGCAAAGCCT GCAGAGGATAAGAAAT TGEGGT CAGAGCGGEGAA
GCCTCAATCCTTCTTCTCTGGTGTATACCGAGATCGAT GTGT AGATCAGAT TCACCAGAAT
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Appendix 3

Sheep specific sequences of CNCS regions within and flanking the ovine CLNG6.

>PCR_5UTRF1/ 5UTRR4

TCTACCAGAGAAGAAGGATTGAGGCT TCCCACT CTGACCCCAATCTCATTCTCTGCTCECCTTTTTGAGCCTGCTGEG
CTCCGAAGGAAGCGACAT ACAGT GCCCANNNNATGTAATTATCATTTAAT AATACCCAGAAGT GGBGT GGCCAGTCAT
CAGAGGATGAAGT TGTGCAGT GGGEECCTTTCTGAATGAAC

>Di rect Sequenci ng5UTRR4

ACCTCTTCATACCGACAAAT CTGCCT CCT GGCT GEGEECT GACAGCTGCCCCTGAGT GGAGGEGGAGT CCAAGCTGGCA
GAGAGGOCAGGACT TTCTGAATGAACATAATGAAAACT COCCTAGTCTGGTGGGAT TATCAGCCOCCTCTCCCTTTC
CTGTCCCATCAGGACTTTGAAAACACCAT CTGCGT TAGCTCTCAATTTGCAT GGAAACGGEGAGTGAGGCTGEEEGET
G

>Di rect Sequenci ng5UTRR6

CNCNNAAGGCAGCAGAGAAT GAGCT T GEGGTCAGAGTGGGAAGCCTCAAT CCTTCT TCTCTGGT GTAGGCAAAGAAC
AATCT GTAGAT NAGGAGATCAAACTCAAAATTAAAT CTGBGATCCAGT CTGAGT GTTGT TGT TGGCT GACCT CAGAT
ATACTGGCTTTCCCTGGT GCAAAGCAAGGACAT CCTCTGCTTGI TGAT GACAT GGT GAGGAGCAAAT GAGAGAAAGG
GAGCTATAAAGCAAATGT GCCCT TTAGT GAGGCCGGGAT GEGTGT TGGEGEGET GT GACCTGCEEGECTGCTGGAGCCCAG
GATGGAGT TGAT GGGAAGT GGCCCAGATGCACGTACCAGCCATTGCCAAGATGGGATAT TTGGGCT CTCATCAAAGG
GATAAGGAATAAACCCAACAAAAGTCTCTC

ANGAGAAGAGATAGAAAAGAAAAT TNGGNCNGAAGAAGATANTNT GT GGT GBCCCNCCT TCAGGTCCNAAANCCCCA
NTGTTNTACCCGENGNACCCCCCNAAT GCCONCGGECTNGONGGGGCCTTTNTTTANNNTAGGT TNNTTNNAGNTTCC
NNTTNNACCCOCCCOCCOCCGGEGEAEGT TTCCAACAGECNTNT TTCCAAAT GAGT AAACCT GGGNCGNNN

>Di rect Sequenci ng5UTRF7

CGGNTGATATCCCCCAGACTAGGEGGAGT TTNCATTATGT TCATT CAGAAAGT CCTGGCCT CTCTGCCAGCT TGGAGG
TCCCCT CCACT CAGGEGCAAGNAGT CAGCCCCAGCCAGGAGGCAGAT TTGT TGGTATTTAAGAGATTGCGAGGATTAA
GT GAT CCAGAGAGGCCCCCACTGCACAACT TCATCCTCT GATGACTGGCCACCCACT TCTGGGTATTATTAAATGAT
AATTACAT CACAGGGCACTGT ATGTCCCT TCCT TCGGAGCCCAGCAGGCT CAAAAAGBCAGCAGAGAAT GAGATTGG
GGTCAGAGT GGGNAGCCTCAATCCTTCTTCTCT GGT GTAGGCAAAGAACAATCT GTAGAT GGAAGATCAAACT CAAA
ATTAAATCT GCGAT CCAGTCTGAGTGT TGT TGT TGGCT GACCTCAGATATACT GBCT TTCCCT GGT GCAAAGCAAGG
ACATCCTCTGCTTGT TGATGACAT GGT GAGGAGCAAAT GAGAGAAAGGCAGCT ATAAAGCAAAT GT GCCCCTTTAGT
GANGCCGGGAT GGGT GT TGEGGT TGT GECCTGCGEGEGECT TACT GGAGCCCAGGAT GGAGT TGATGEGAAGT GGCCCAG
ATGCACGT ACCAGCCANT TGCCAAAGATGGNATAT TTNGGNCTCT CAT CAAAAGCGATAAGAAT AAACCCCACCAAA
AGT CT CTCCNNGAGANGNGT TNGNAAAGNAAT TNNGGECCGAAGAAGAT AACCCNT GGAGGCCCNCCNCAGTNCCAAN
ANAAACTGT TTTTNCNAACAAACCCCCAAT NCCNGGNCT ATNTAAAGCCT CNAGGNGGGGT TNCANT GAACCCCCNC
CCGGGTTGCCNANGCTNT TNAN

>Di rect Sequenci ng_5UTRF9

CTGCTGNNCTCNGANGANGGANATACAGT GCCCTGT GATGTAATTATCATTTAATAATACCCAGAAGTGGGT GGCCA
GT CATCAGAGGATGAAGT TGT GCAGT GGGGGECCTCT CTGGAT CACTTAAT CCTCCAATCT CTTAAATACCAACAAAT
CTGCCT CCTGECTGEEECTGACAGCT GCCCCT GAGT GGAGGGEGAGTCCAAGCT GECAGAGAGGCCAGGACTTTCTGA
ATGAACAT AAT GAAAACT CCCCT AGT CTGGTGGGAT TATCAGOCCCCCT CTCCCT TTCCT GTCCCAT CAGGACTTTGA
AAACACCATCTGOGT TAGCT CTCAAAT TGCAT GGAAACGGEGGAGT GAGGCT GGGGT GBGGGATAGAGCAAAGCTGGC
ACCAGT TCT TGGECACT GAGGEECACACAT TTCCAGSGATCT TGCCT ACAACT CTCT GGAGCCATGGT TCCT GOCCA
CCANAGAGGCAAAT GGT CTCAGCT GCAAT TTCAGT GAATAGCAT TAAGGAATT T TGCAGCTGGGGAGGT CCTTTGGA
ATGGTCCAGTGGTTTCAACTTTTATTTTAGCANATGTTTTCACTCTTTTCCAACAAGAGCAGTATGAGCTCCTTTTA
ATTTTTACTTATTTTTATTTTGGGECT GT GCTGCGCGECATATGGGAT CTCAGT TCCCCCAACCAGT GATAGGACCT
GT GCCCCCGTGCAT TANGAGCACAAAGT CT TAATCACCAGT CCACCANGGAAGT CCCATGAGCTCCTTGT TAATGCC
TCACCTAGGACCCT CTCAGCCACACCT GTCTTCCCGGT CTTGCCACT TGT TTCTAGCACAAGCCAAT GGCAACCCC
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>Di rect Sequenci ng_5UTRF11

CCTTGCTTTGCACCNGGGAAAGCCAGT ATATCT GAGGT CAGCCAACAACAACACTCAGACTGGATCCCAGATTTAAT
TTTGAGITTGATCTTCCATCTACAGATTGT TCTTTGCOCTACACCAGAGAAGAAGGATTGAGGCTTCCCACTCTGACC
CCAATCTCATTCTCTGCTGCCTTTTTGAGCCT GCTGEECTCCCGAAGGAAGGGACATACAGT GCCCTGTGATGTAATT
ATCATTTAATAATACCCAGAAGT GBGT GGCCAGTCATCANAGGAT GAAGT TGT GCAGTGGEGEGCCTCTCTGGATCAC
TTAATCCTCCAATCTCTTAAATACCAACAAAT CTGCCT CCT GACT GEGECT GACAGCTGCCCCT GAGT GGAGGGGAG
TCCAAGCT GBCAGAGAGGCCAGGACTTTCTGAATGAACATAATGAAAACT COCCTAGT CTGGT GGGATTATCAGCCC
CCTCTCCOCTTTCCTGTCCCATCAGGACTTTGAAAACACCAT CTGCGT TAGCTCTCAAAT TGCAT GGAAACGGGGAGT
GAGCCT GGGGT GAGGGATAGAGCAAAGCT GBCACCAGT TCT TGGGCACTGAGGGECACACATTTCCNGGGATCTTGC
CTACAACT CTCTGGAGCCAT GGT TCCTGCCCACCAGAGAGGCAAATGGTCTCAGCTGCAATTTCAGTGAATAGCATT
AAGGAATTTTGCAGCTGGEGAGGT CCTTTGGAATGGTCCAGTGGT TTCAACTTTTATTTTAGCAGATGT TTTCACTC

TTTTCCNACAAGAGCAGTATGAGCTCCTTTTAATTTTTACTTATTTTTATTTTGGEEGCT GTGCTGCGOGGECATATGG
GATCTCAGTITCC
>Di rect Sequenci ng_5UTRR8

NNNCT GGAAT GGGT GECCAT TTCCNCCCCAGGGEGANCT TCCCAACNNNNNNNNNGAACCTGCATCTCCCTTCATCTC
CTACATTGGNNNGNNNATTCTTTACCACT GAACCACCT GBGAAGCTCATAGT TAGT CATACAGAGT GAAGTCAATCA
GAAAGAGAAAACGAGATATTGTATTACTAACACATATAT GT GGAATCT AGAAAAAT GGT GCAGGCGAAACCATTTGC
AGGCCCAGCGAAT AGAGAT GCAGACGTAGCGAGGACAGGT GGACACAGT GAGGGAAGCGAGAGAGT GGGACGAAGT GGGA
GATTACGATTGACATATATACATTCCCATGTGT AAAACAGGT AACTCGT GGECATCTGCTATAAAACACAGGAAGCC
CAGCT CAGT GACCT GCGATGATCT AGAGEGGT CAGAT GAGGGEEGT GGGAGAGAGGT CAAAGAGGT GGEGGATACATA
TGAACATATAGCTGATTCACT TCACT GTACAGCAGAAACTAACACAAAAGT GTAAAGCAATTATATTAAACATTTTT
CAATGAAAATAATTGGAGATAATAACCTCCTTCTGT CTCTTCOCCCAGT GTGGT CACCCT TCAACCT TCCTTAAGGA
TGACT TCAGCCT GGAGGAGCGTGT CCTACAGGT GACACCAGCTGGTAGAGAAAGCCAGT CTCCATCTCCTGI GGIec
CTCTTCCCGAGGEEGET CTGTCCTCATGCTGT AACCCCT GT CTCOCACGANCAGAT GTCNCNTGAATCAGCCCTTTCCT
GACTGNCTTTCTCCCAGCAT TACTGCACCT TTCCTGCCCCATTTCTGTCTGCCCTCCTGTGIC
CCAGCTTCTGAGI TTAGAACT CCGT GT GT CAT GCCT CCCAGGTGGTGNNT ACAGT CGAACAGGGGACT TAAAAGCNN
TCCTGAGAGAT GATGAATANT ANCTGAANNTANTGNANT CAT TTCNNANAT GCT TTAATCAANCNATCATGCTNNNN
GNCTGANCT TGCNCANNGAT GNNTGT CANTNNT TNNNNNAN

>Di rect Sequenci ng_| 1R8

GGCTCGAAGT ACT GGGEGECCT GAGGEGAAGGGAT CGGAGATGGACT COGT CTGCCCTGACAGI TGCTTCTCTAGGATTC
AAGAAGGAAAATACT CAACAGATACAATCACACTGGGECTCTCACCTATAAGTCTATAGGT GACGGBCGAGATCGGATG
GAGCAGAGGAT GCAAACGT GGCTGAAAGGCAT GAAACAT GGCGATGGATGATGCTAGCTAGGCT TTACCGAACACTT
TCTACATTCCAGGCACTCCTCCAGCTGTTTACATGTACCATCTCATTTAAGTCTCT TAATCCTCACAGAAACCCTCT
GAGGT CACACTATTACCCTCATTTTACAAGTGAAACAACTGAGCCCAAGACGT TAAGTGCTGT TGTGCTGTGCGTAA
GCAGT TGT GTCTGACTCT GT GOGACCCOGT GGACT GCAGCCCACCAGGCT CCTCTGT CCATGGGGAT TCTCCAGGCA
AGAATACNGGAGCAGGT TGCCTCAAATGATTACGT TTCANANCT TCTGCTGTTAACCTCTAGT CTTAAAGT CATAGG
TTTOCCTGGTGGCT CANNGGTAAAGAATCT GCCTGCCAAGACNAGAT GTGAGT TTGATCCCTGNGT GAGGANNATCC
CCTGCNNANNAANNNGNNNNCCACTCCAGT AT TCT GGAGAAT CNNNT GGACANANGAGCCTGGNGGANT ATNCNNNN
CAT GANNNGGNNAANNNT CANACT TGACT GAANT GACT TAGCANNNNCCT ACNNGNT CNTTTCANNNNT AAT CAACA
TTANCT TANNNNNGCCAT GAANGNT TCCONNNCT GNCNNCACT GCTNNTNNNTTNNGTANT TNTCTGGNANCCNNTTT
NINNNINNNT TNNNNNANNNNNCCNCANNNNNT TN

>l 1F1/ 1 1R2_F

GGGCOGEGAGCECCTGCAGT CCCAEGECACCAACCCAAGT TCTCAGAGTCCTTCTAACCATGACTAGAATTTGGATTCT G
GIGTTAACGGGAGECTCACT CCT TGCT CCGAGGAACCCAGAATGT TGCGAATGCTAATAGAAGAGACAGCGAAGT GT
GGAAACTCCCCT CCAGAGAAAGAACGAGGAAGGECTTTACCGACACT GTTGCTGT TCCCT TCTCTCAGCAAGGGAAA
GITACTGATTTATGTATTGATAGT TGAGGCCAGCCACT TGECECGGAGGAAAAGGT ACAGAAGCTCCCTTTTAATCT
TCCACTTCACTCTGTCTTCATTCCGI TTTACAGGT CACAGACATTCAT TGCATAGAGCAGECATTCATTAAGCATCT
CTGIGT GCCCCAGCGCT GTACCAGEEGTGEGET AAAGT GAAGCCCGGAGEECCCCACAGT CCAGT AGGACCGCEGEEAGG
AAGAGAGCCCAGGAGT TGAAAGT TOGACT TGGAGSECGCT TCCT GGAGGAAGT GGCCCT TAAGCT GCATGT CAGAATAC
TCAGT AGGT GACAGAGGAAT AAAGGCGAT TTCAGCT CCTGGAAAGCT TGGGAAAGGCAAGCAGT GCAGI TTTGCT GG
CACTTTCTGTGI GTACAGT GGCAAGACTGT GAAGGGECCT TTAAT GGCAGCAGAACT GEGACCAGAGT GAGAGCGT AG
AGTGCAAAAAAAAT TTAAGGGCGAAGCT CACTCTTGGGAT GCTAGT GCTCAGAAGT CCTCT AT GGCCCACCTGT GCCT
CCTTAAAT GTGGGT CCTACGCGT CTCACTTGCCTCATCCTAGT TCCTGTCCTAAAT GBCCGGT TAAGGGTGCACGCTT
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TTGITCTGT AGGECACAGEEGCGAGCCATGGAAGEGT TTCCAGCACTAGTGT CCTCGGAGT CAGT TTAGGAAGT TTGG
GGTATGATTTGGGAAAAGGAAGGAAT

>l 1F3/ 1 1R4_R

NNNNNNNNNNT T TANGAGGCACAGGT GGGCCATAGAGGANT TCTGAGCACT AGCAT CCCAAGAGTGAGCTTCCCCT T
AAATTTTTTTTGCACTCTACGCTCTCACT CTGGTCCCAGT TCTGCTGCCAT TAAAGGCCCTTCACAGICTTGCCACT
GTACACACAGAAAGT GCCAGCAAAACT GCACT GCTTCCCTTTCCCAAGCT TTCCAGGAGCTGAAATCACCTTTATTC
CTCTGITCACCTACTGAGT AT TCTGACATGCAGCT TAAGCGCCACT TCCTCCAGGAAGCCCTCCAAGTCGAACTTTCA
ACTCCTGECCTCTCTTCCTCCCCGGT CCTACT GGACTGT GEEECCCT COGGECT TCACT TTACCCACCCCTGGTACA
GCGCT GEEGCCACACAGAGAT GCT TAATGAATGCCT GCTCTATGCAAT GAAT GT CTGT GACCT GTAAAACGGAATGAA
GACAGAGT GAAGTGGAAGAT TAAAAGGCAGCT TCTGTACCT TTTCCT COGCCCCAAGT GCCTGGCCTCAACTATCAA
TACATAAATCAGTAACT TTCCCT TCCT GAGAGAAGGGAACAGCAACAGT GT CGGTAAAGCCCTTCCTCGT TCTTTCT
CTGGAGGGEGAGT TTCCACACTTCGCTGTCTCT TCTATTAGCATTCCCAACATTCTGGGT TCCTCCGAGCAAGGAGT G
AGCCTCCCGT TAACACCAGAATCCAAATTCTAGT CATGGT TAGAAGGACT CTGAGAACT TGGEGT TGNTGCCCGEGAC
TTGCAGECGCT TTGGEEGECCNTATTTNAN

>l 1F7/11R6_R

CCCGTAGACTGATTGCTGITCCT TCT CTCAGCAGCGAAGT TACTGATTTATGTATTGATAGT TGAGGCCAGGCACT T
GGGEECCEAGCCAAAAGGT ACAGAAGCTGCCTTTTAATCTTCCACT TCACTCTGT CTTCATTCCGT TTTACAGGTCACA
GACATTCATTGCATAGAGCAGCCATTCATTAAGCAT CTCTGT GT GCCCCAGCGCTGT ACCAGGEGT GGGTAAAGT GA
AGCCCGGAGEECOCCACAGT CCAGT AGGACCGGEEGAGGAAGAGAGECCAGGAGT TGAAAGT TCGACT TGGAGGEECT T
CCTGGAGGAAGT GECCCTTAACCT GCATGT CAGAAT ACT CAGTAGGT GACAGAGGAATAAAGGCGATTTCAGCTCCT
GGAAAGCT TGGGAAAGGCAAGCAGT CCAGT TTTCCTGECACT TTCTGT GT GTACAGT GGCAAGACT GTGAAGGECCT
TTAAT GGCAGCAGAACT GGGACCAGAGT GAGAGCGT AGAGT GCAAAAAAAAT T TAAGGGEGAAGCTCACT CTTGGGAT
GCTAGTGCTCAGAAGT CCTCTATGECCCACCT GTGCCT CCT TAAATGT TGGGT CCTACGCGT CTCACTTGCCTACCC
CCTAGTTGAGG

>| 1F5/ 1 1R4_F
ACAGITCAATGTGTAGCTCACTCT TGGEGT GCTAGT GCT CAGAAGT CCTCTATGGCOCCACCTGT GCCTCCTTAAATGT
TGGGTCCTACGCGT CTCACT TGCCTCACCCTAGT TCCTGTCCTAAAT GECCAGT TAAGEGTGCACCTTTTGI TCTGT
AGGCECACAGEEGAGCCATCGAAGGT TTTCCAGCACTAGT GTGCTCGGAGT CAGT TTTAGGAAGT TTGTGGTATGATT
TGGGATAAGCGAGCGAAAT CT CAGAGCCTCCCCT GAGAGT AGCTCT TCCTGCTGCTACAGCACATCTGEGT TCTGGAT
CCAATACAAAGARC

>l 1F5/ 1 1R4_R

GATGACGCAGI CAGGT GGAGGGAGCCGTGCCAGCAGCCT CGT CAGCCT TGACGGAGCT GT CCCTGGGAAAGAAGT AA
ACGAAAGCCAGT CAGCCCT CCT CTCCT CCAT GGGAAGAT TCCCCACCAGGACAAGCCACAGCCAAT TTGTGGECAGGAG
GAAACACACATGGT TAAGT TCTAGCCAAAGGT TTGGCT CGAAGT ACT GEGGCCT GEGEGAAGGGAT CGGAGATGGAC
TCCGT CTGCCCTGACAGT TGCTTCTCTAGGATTCAAGAAGCGAAAATACTCAACAGATACAATCTCACTGGECTCTCA
ACTATAAGT CTATAGGT GACCGGGAGATCGGAT GGAGCATACGAT ACCCACGT GECTGAAAGGT AT GAAACATGECG
ATGEATGATGCCAGCTCGECTTTATCTTCCTCTTTCTCCCTCTCAGSGTC

>l 1F7/ 1 1R4_R

CCGAGGCAGTGT GCACT GT GGOCGEGAGCCGT GCCAGCCAGECTCGEECTCT TGT GGGAACT GGECCTGGT GEGAAT G
CCTGGAACTGECEATGIGACCCTCTCGEGTGITTTTATCCTCTTTTTCCATGCTCT TCTCTGCAGGECCGCTTCATT
CACATCTGACTGTICCCTTGAGCCTGGAACT TT GECCTCAAGCAACCCCEEECT CTCGEECTCTCAGGAGEGT GCTCT
TTTCAACTGTAGI TAGAAAAGT CCCACTGCEECCATCCTGEGT TTTTGECCT TCCCTCTGT CTCAGGGAACAT CATCT
TTCACCAGAAGGAGGAGGGAATGGGAAAT AGT CTGGCCGAGGAAT AAT TGATGCCTCTTGT TAT TAAGCAAGGCAAC
CTTGGCCAACCCTCAGITTCCTTTTTCGAAAGATGCAAAGGT ACGAGCACCCCGGAGECT CACCCCCAATCTCTCAT
ATAACCTCC

>l 1F7/ 1 1R2_F

CGTTTCTGAAACTGATTGCTGI TCCT TCTCTCAGCAAGGGAAAGT TACTGATTTATGTATTGATAGT TGAGGECCAGG
CACTTGEGEGCOCGAGGAAAAGGTACAGAAGCTGCCTTTTAATCTTCCACTTCACTCTGTCTTCATTCCGT TTTACAGG
TCACAGACATTCATTGCATAGAGCAGGCATTCATTAAGCAT CTCT GT GTGCCCCAGCCCT GTACCAGEEGTGGGTAA
AGT GAACCCCGGAGGECCCCACAGT CCAGT AGGACCGECEAGGAAGAGAGECCAGGAGT TGAAAGT TCGACATGCAG
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GGCTTCCT GGAGGAAGT GECGCT TACCCT GCTTGI CCTAAT CCTCOCCTCGT GCCAAACGACCCTGTCGATTTCTTC
TCTOGGACTACTTGAGRC

>l 1F7/11R2_R

CNNNNNNNNNNNNNNTNNNNNCTNNT TTNAGT CTCT TAATCCTCACAGAAACCCTCTGAGGT CACACTATTACCCTC
ATTTTACAAGT GAAACAACT GAGCCCAAGACGT TAAGT CCTGT TGTGCTGT CCGTAAGCAGT TGTGTCTGACTCTGT
GCGACCCCGTGGACT GCCAGCCCACCAGECT CCTCTGTCCAT GEGEGAT TCT CCAGECAAGAAT ACGEGAGCAGGT TGC
CTCAAATGATTACGT TTCAGAGCTTCTGCTGT TAACCTCTAGTCTTAAAGT CATAGGT TTCCCTGGT GECTCAGT GG
TAAAGAAT CTGCCT GCCAAGACGAGAT GT GAGT TT GAT CCCT GGGNGANGAAGATCCCCT GCNNANNGANCNNNNNN
NNNNCTNNANNNTTCTGNAGANNNANNTNNNNNNNNNTANNNT GGTGGAT TAT ACCNCNNNNT GTNT NINNNNNNNNN
NINNNCACNCNANNNNNNNNNNN
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Appendix 4

Contig sequences generated from ovine BAC clone 270H8 using the 454 pyrosequencing
platform.

>NCL_C1

TTGACNCGCCGTGITTATTTTTTTTTITTTTTTTTTTTG CTAGGT CTGECCACT CT AGGAGEGCGAGGOGGACT GEGA
AGCAGGCAGAAGGAAGGGCAGEECCAGAAAGT GGAGAGAGGAT TGAGAAGT TGEEGGAGGEGT GAAAAAGCEECCCT G
ACTCTCCCT TCTGGECCTGTGGCAGAGT ACAAGGAAT GCTTCTCCCTGT AT GACAAGCAGCAGCGUGGGAAGATTAAA
GCCACGGACCT GCTGAT GGT GAT GOGEGTGCCT GEEEECCAGCOCAACGOCT GEEEAGGT GCAGCEECACCTGCAGAC
TCACAGGATAGGT GAGT GEECCCGECT GEECCACCT GCCCACCEAAGGAGGAGT CTGGEGET GAGT GEGT GGGCCCTGAG
CCCTATAGCTCTTGT CCCAGGCGACCCAGGCAGGCAGECAGGT CGGGT GTGACCAGCT CAGAGGT TTGAGAGGTCCGT
GITAGCCAGAGT TCTCTGECT GEGT GT GGAGGECACCT GGCGAGGT GT GCT CGTAGCAACGEGT GACGCCCCATCCCA
GGGCGACCAGGEEGECT CTAGACATTTCACCACAGT TGT CTCAAACCT GCAGT CCAGACGGT GCTGAACGAT CCCAAGGT
TGITTTGATGGAAGTGTCCCTTTACTTAGATGT GT CATGT GCTTAGCT CAGCAACACCAT GAAGGAGECGCTATCCT
AATCCAAGT TTTACAGATAAAGAT CAAGAT TCAGAGCCCAGCTGGTAACT TCCGAGCCCT TAAGCCAAT GGT GGAAT
CAGATTGGAACCAGATTCTCATTTCTAAGACT GAGCTCCCCCAAACT GTTCAAAAT GCGAATAAAACATAGAGGAAA
ACCCACCC* AAACATTACCAAGTI TGTCCTCTGCTGATGTGATTATGSGTGATTCTTCATTCCTCTTGITTCC TGT T
TTTGCCCGAAGAGAACATATACTAGTI TTTACAAG CAAAAACGAGT TGCTTTTTGITGGTGGTGECAACK TTTTTTTT
TAAAAAG" * AGATGGAGGAAT GT CAGATGCCAGGATGECTGT TTGCAT CGATAGCT GGACACT CAGGAAGGAAAGAG
GAAGGAACACT TGGT CAACAGOCCAACTGGACCTCCGT TTCCOCATCT CTCAGT CGGEGT TOCCACCCTCTCACTGEEG
TGATCCCAAGCCCCCAT CAGAGEGOGAGT GCAGCGGECAATGEEAGCT TGT CCT GAGGECT GEECT GGEEGTGECCTCT
GAAGGCCCCAAGCCT GGT GACGEGGAGCT CAGCCACCGAGAACCCCTGCTCTCTTCAAAGCGTGCTGGI TTCCTTTG
GITTCCGT CTCCTTCAGACAGGAACCT GT GEECAGGEECACT TCCGATTTCCT GCAGT TGGAGCCCACCCTGEECTG
AGGECCCCAGGCAT GCCT GGAGGAGEEGET GTGGECT GEGGT GGAGECT CCAGT GAAGGGAAGGGECAAGT GAGGEAGG
CTTGAGCCCCATCATCCACCTGICTTTGTAGATGI GT TGCAGCGACT GTCAAAGECEGAGGATAGACATGI TGGTGC
ACTTCCTCCAGT TCAGGGCAGGAGAGAAGCT TCCAGAAGGEGTACAGAAAGCGGTGCTTCATCCTGT TCTTGTCACT
GCTCTGAGCTTCTGT CTCTTTAGT GGGCAAAAT GAGAT GTCCAGGCACT GAGSEGT TGT TGAAAAGAT TAAATGAGGC
ATATCCAT GGT GGGAACGCCAGCAAGACAGGECT GCAGCCT CTTCCCCAT GAACACAGCCACCACCACGGTGCTTCCTG
AGT TGGEGT GECTCT TGAGCT GACCTTGAAGCCT TGGECAGGAGECCAGCT GACATCCCCAAGAGAAGCCTTTTCCTC
CTTGCTCACTCTCCTGI TTGEEEGT TTCCTAGACAGAAACGGAGACGCTCGATTTCT TTACTTTCCTGACCATCATGC
ATATGCCAGATAAAACAAGAGGACCCAAAAAAGGAAATT* CF TTTTGG* CCATGT TGATGGOGGACAAGGAGAAGAAA
GGCTACATCATGGCATCTGAAT TGOGGTCAAAACT* GATGCAACT GEGEGA* GAAGCTCACCCACAAAGAAGGTAAT
GGT CTGGGTCCCTAT TTCOCAACAGT GGGAGGT GACTAAGGGGT T* GGEEGECH ACACCAAAGT CCAAATCATGCCAC
CTCAGI TACGTAGCCATTGCATCTGATGGCAT TTGGACGT TGEGACTAGAT GCTAAGCT TGGT GAACTCTGGACT GG
AACCT GGAAAACTAGGGAACT GT GAGT GGCAGAAGT TAGCCAGGGT GAAGGGACAGT AGGGAAACCCAGT TAGGAGC
TACTTGEECATTACTCTATGTCTTCTAACT TTCACT GGGGEECCT TCATGACT GCGACACCTCTAGGATCACCAGT GT
CCCTCTCATACCCAT TAAAGAAACAGGTGCAGT GCGCGGECCT GT GACGAGCAGAGCT AGGCGCTAGACACAGGEECTA
GCAGACACCGEGACCCCCACCCT CCGACCT CGCTCAGCCACTCCTCTCACCACACCTGICTTCTGAAGI TECTCGCTG
CCACCAAGT TTCTAAATTGAGATGI TACTTTGCTCCCTTTTCTCATGAGTI CAGCCAGCT CTGAGCT CTTCCAGAAGG
AATGICCTGICTACCTTCCCTGICTTCTTGCCT CAGAGCCAGAGGA* GEGGECT TGEGECCT TCTGEGAAAGCTGGATG
TTCATGGT GAGGGT GACCCCAAT GCTGAGCCCT TTGCAGAT GTCCTCCCAGCCGECCTGACAGECCCCTGEGT CCAG
CCACAGTGGCCATGCCAGGT TEGCCACCCGAGT CCACACT* CCOCAACCCCAGAGECTCCAATTTCTGEGTAGGCCGC
CGGCECTCACCT GTGAT T GEEGCAGGAGGACACGGET CAGT GGACGAAAAAGGCT CCGGTAATGATGEECCT TTAGCGT
TTGGTGAAATCACAACAGACT TGAAT CCTGECT CCCOCTCCT TCT GEEEGACCT CAGGT GAGT TTCTTAACCTCTCT
CACCCTCCTCAGITTCCTCGT TGGGAAAT CAGGT TACAATAGGCAAT CCCTCAGGACCCT GCCAAGAGCTAACATTCT
ATAAAGCAGT CTGCTAAGATTTTATCT GCCAGT CACAAAGGCACAGT GC* AAAGGAAGTAAAAAT AGCCCTAGAGAAG
GCAGATGGAGCT TCCCCCG CTCT TCCAGGCTGCCACCTATCACAATCCCATCTTTCATTGTGECTGITTTAACGT G
AACAGGGAGTCACAGCCTATGCT TCCCTCCCGEECT CCAAGGACACT ACT CAGCCT TTTAAGGATCAGGT GGAGT GT
TAGCAGAGGTCAGCH AGGEECCTTCATTTTTGCGGT TAATGATCCGT CTAAAACAAT ACCATGGTCCCCAAACTTAA
ACATCTCTCTCATTTGI TTAACCAGI AAGGAAACATTTCAAAGAAACT GCCAGT GTCTGCCAGAGACTGATGTCCTT
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TTCCTCTGCCTATGGGAGATAGAAAAGGT AATACT GGAAGT AAGACTCCTTTACCT TCAGTGATAGAAAAGT TGGT T
TACTGCAGAAGCAT CCT TGGAGCAGCT GAGACGECT GT GAGGAGGECCH TCCTTTG C * AAACCGGTTCTCTGTGGT
TTTTCAGSGAACTGCTATTCTAACCAGAAGGT ACCATCAGAT TCCAGCTGCCCCTCTTCTGGACAGCTGGAGGCTGC
AGTGACCGGTACTGGACTTGT CCATT GCGACAGT TTTAACCAAGT GGT TGATGGGT AGACACT CCTCCATGAAATAA
GATAAATTACAGT CTCAGAGT TCTACAAGT ACTCAGAAGTACTAT CAGCT CAAACGCAGT CCATAGCAATTACGATT
TTGAGGAGGAT GCT TAAGCAGGAAGT CACAGGATGCTTTTTCACT G CCAGAGT TGT GT GEEGECTGICTCCGECTG
GCAAAGT TGACACAGAGCAGT GAGAGAGT TTTGTAAGAGEGT GAGGAGEGET CCTGAGAAGCCACCAT TGAAAAGT GT
AAACTGAACTGCCTCTTCTTGTCAACT CCTGCCGACAAGCTTGTATTTTATCCCAAGAAT CCAGAACCAGTAAATGE T
ACG* TTTCTTTTTTTCTGAGCAACGT TAG" AG* AACAA* TGGC AGTTTTTGTAGCCTTTGAGCTTGGACACAGI TG
AATTTATTTTCTCTTATACTATCCCACCT CCGAAACACT TTCAGAAAGAGATGATAGTGCCAGATACCATTTGICAC
CAAGCCCCCTCT TCEEGT CEGEEGAT GTCATTT TGGAAGBCAGGCCAT AGGCT GEECTAGEEGCCCCAGGATGGAGC
TGCAGGEGT GT CTGT TAT GGAGGEGEOGT CT GAGA* GGECAEEECH GGTAGAA* * GGTAAAATCCATGCCAACACTTTCT
GGAAATACT GGCACAGGAGCCAGATA* TTTTCTGAAG AAAAAAAAAGGT ACAAGGTGGTTTTA* TTGACTGAATCC
TTACCAGIACACCCCCT A* TCCT GECCCCT* GCAGAAAGCCAGAT GAACT CAGAAT TGATTCCATGGT CTCCAAGGG
GGA* GCGAGCGGGI TGICC TTTTCTGI TCACTGGT TACTTCCT CACCTAT GGAAGCAGT CAACTGGAGGT TCAGGG
AAGACCT CTGECGAGCCT CAACCCCCAGCT GGATGCCT TATCATATGACACTGAAGCCAAACT GAGAAATTACTGT G
ATTTATCGCAGT GGAGGATCT CTTCAGEGAAGCAGATAT CGAACCGAATGGCAAAGT GAAGTATGACGAGT TCATCC
AGAAGCTCACCATTCCT GTGCGEGACT AT TGAACGAGGAGGCGAGAGAGCCECCOCT GEGCCTGAGCACTCAGACT G
TGGGT TTTGGAAAAGAAAGT GTTTCTTACACT TGCGCGAGAT GGCAAACACAGCAAGAT GACAAACCTAAGCCCAGC
AAGAGGACAAGGAAACAAAAT TAT TCCAGCCACGGT AT TAGCATGTCTTTAATAAAACT TTGTACTGT TTTAACAAC
TACCATTAGTCTAGCCCTTTATAGCCT GI'GGI' TTAGAGATGGECCAGGEGT CTAGT CCCAACACTGCCATTTCCCAG
CCAGGTGATTCTGEGECAAAT CAT TTCACCCCT CAAAGT GAGGGATCCTCACTAAAGT GGATTCTTGCTTCTTACCTC
ACAGAGCCTATTGAGAATGGGECTCTGCTTTCGCAAACT GTAGGACACTATGTAATCCTGGGT TGCCATGATTGT GCT
TTTCCTAAAAAGGGCAAT TACAGGAAGACCAATAT TCTGTATCTGGEGT GCTGGAACCATCTTCCACATTTTCAAGAT
AAAGCT AGCTGGGAAACAGCAACAAGCAAAGAGCT CAAACAAACT ATGECAACATTTCTTGCAGCACCATGEGGT CA
TGTGTAAATTCTCATTCTCAGTGCATACTAATGTAGT CCTGGATATTCATTCATAAGCAGAGTATACAACAGGT TGG
AACAAGCCAGCATCAGCCAAATGT TGGGAAGAAGGACCT GACTACAGCCGACCAAAGGEGEGACCGEGT GTGACAAGCT
GCATTCACTGCACCCTTGCAGACCCCGAGAAGACT CATGGTGGTGCTTCTCTCAGCATTTTGAGI TCTTCCCTGECC
CATTATCAGAGGGEGT TCATGGGACTAGCATGEGT TTACT TAAGT GGGT CAGACTGATGGCTTCAACCCGT TTCCTCA
GGACTAGAGGCAAGT AGT AAGEGGAT GGAACAGACCACAGCCGT GACACAGCAGGAGCCCTGC AAAACTGT TCCA*

GGGGTACT GGT CCTGCCAGGACGCTTTTCTAGCGCAAGT GACTTTTTAAGI TAGT TATGAGTCAGCACAGT CCF AAAA
AAGEECTGCGAGT CACACATCAGCATGT TGAGAGGEGAGCCAGECAGAACT CAAAGT ACAGAGATTTTCATCCTTATA
TGTATCAAAATTGTGCTCTCH TGGECTGI G TTTTGCTAATGGTACCT TAGT GGCTAACGCAAAAGAAAACCAAA
TTAAGAGGGAGGTGT GT CTCTGGEGGA* GAT TTACACAGGACACAAGT TTGAGGCGECGAGGECACAAGGGAAATTTCAGG
GGACAAAGCAGT CACAGT CAGTGTAACTAT CT CAGT AAGGAT GCGTGGCT TCAGACCAAATGGAGGT CCTGAGAGAG
AGTCACTTTTGTTTTCCCAACAGT GI' TTAACT GCCCAT TAAGTGATCAGGAAT GOCTAGGAGCT GGAGAGAAGEGT T
ATGT* GEEEECAGECAGT TAT G GCCCCCCACCCACCCACCCTAAACACCAAGTAGGTGAACT TGTGATTGT CTAGC
TGGEGATCT CAGCCT CATACAGT ACAAGCGGCAGAT CCAGGT TTTGTGAGAT CT GAGGGT TATACGAT TCGECAGCCT
TCC* AGAAT AATACAAGAGAAGT ACAGAAT TACTAAGGGECT GCT COCAGGACCCT GGAAGAGGCCAGAGCAAATGA*

GGGECTCTTGIGCTTAAACT TCATTACCT TCATGGTAAATTCATCTGAGECTGGTTAGH ATGCTGSCACACCATGEA
GAACTGCTATATTTCACT TTCAGGCAAGGECTCAAGGGET CAAGCT CCACATCAACTGT TAACCCCTCATGGACATGAG
GAAGT CAGTCTTGCATAGCCAACCT GGAAT GCCAAGCGAT TAGACAGT AGATACCTGGGAT TTAGAT GGACAGGAAAA
GGAAGT TCTGGGCTATAATAGTAAAT GAGGGT CCAGT CCCTCAAAGCTTGECCT TTATACCCTACTGEGTGGTACTC
ATATGCGECTTCCAGGCAAGT TTTATGAATCTCATTTGICTAACAGGAAT CTGACGTATAACTTGCCAAAGACACCTAA
GIGGTATGT ACTGECCATTAGAACCT GEEGCTCATGTCCACTGACTCTGT GTTCTAAGGGT GT TCAGT GGGTAGGAT
ACCAAGATCCTGGGATGT GT TCTAATTTAAAAATAT ACCCCAGATAAGGCT CTGACAAGGACCCCATGCCTGEGI TT
CATGCTCATTCCTAACACTGGTI TTACCTAGTGCCTAGTI ATGATTTGCAAAAAGGCCACAGT GCTCTTAACAGT CAAA
TTGAAAATTAATTAAACAGATTTAAAACT* * AAACCAGT GCTGT GGT TCACTACAAAGCTAGCCACGI TTCAGTAAG
AAAGCGGAATGACAGCTGTATATTCATGACT TACCT CAAAGCAT GTTGCAAGAGAATAAACTACTTGTCATCCTTTG
AAATCT CT GCAT CAAAGGEECTCT GGAAGCACAAAGCATTGTCACT TTTTCTCACAGSGACT GTCCCCTCGTATACC
CAGCAGTGTACTTTACAGAAGACAAATTAACTGAAGGT TTTTC TTTTATTACATCTAAAGAGCTCTACATAAACAG
GTAACATTCAAT* AGGTAAACK AATTTTTTTTTCC* AATGCATGTAATAAAT* ATTTTCACTTGGTACTTTTATACA
AACTGACATTGGTCTACTATACATTTTTAAAAG: CCATTTTACTGGT TTGGCATGCCGGTAT* GGAAATTCTAAGAGA
GAAAGT TTTAAGCCAATGAATCACAGATTTAAGT TCATGGAATTTATGGTAACTTTTATATCTGI TTATATACA* TT
TTTCCCCTTTGI T* AATT* AAACAGT TAACAGCAGCACACT CTGGAACCACCAGCTAGI CTCCCTCCCTCTTTCTGA
AATCTAACCTTTGIGITTTCTTTTAATT* AAAAAAACAGAAT CCAACATGTATTGAAAAAACK AAAATT* CTTACTA
ACATCTTACTAAAATAATTTCAAATGTCCTTTAAAGTCCTAAAGATCTTGAAGTGI TTTATGTGT TTTAAATTGITT

251



AAAAACAATGI TCTTTCTACAATTAGTAATT* AAAATTGCGATATATTTCCATTCAGT TTCAGACATTTGACTCAAA
GAAATATCTGCC* AAGAAATCACATTTCTCAGAAGCTTAAGTATA* TCTTTTCTAAGTCAGTAATAGAGAATTGTGA
TAATGT CTAAATTAACAGTAGAAAAAT TTTAAT GCTCAAAAT AAATTAGT CAACCAAGCGTGGCATGGT TAAGGT CC
AGATAGTI TTTAAAAACGT GT TCAGTAATGCCCACAAAGT AATTAAAAGCCACT TCAACCCTGCTAGT CAAACACCTA
TTATACTAAAGGTGT GT GTGCGT ATACACACACACCCACAGT TCTGTACAGAAACACAAACATATGCACACCTATTA
TGAGTI GACCAAGCCAAGGEEGA* TAGT GGTAGCTCGACTAAAGAT TCTGAGAATCGTCATTT GT CCACAGACAGCAT
GTCAGTGI TAGCACTAT GCCAGGEGTAGEEGEGET CAEEEECEEEECEOGT GGTAGT GATAGT TGGCTAGEGAAAAAAGA
AACAACTGT GCTTTAAAAAAACACAAAACT TAGAAGAT AAAGAT GCAGTGCAT TACTCCACTAATAATTACTATGGA
TCATAAAAGT* CTGATTGATTAACAT CCCCCAT GAGACCAACAGAGT AATACCTACTACTACCCCAACATTTGAGAA
AGT TAACAACT GAAGGGAACAAACTCCTTAGAGT GGAAT GAACT AAAAT* AAAAAG ACAACTGAACGGTTAGTTGC
TCCTGT GGAGACGACCAAAGCTACTAGACAGACATTTATTTCTCCCTGTTACCTGT TCTTCCCTTAGATTGGTATAA
CGCAAGACACT GAGGGAAAATAACT CTCTCCAAAACT* GEGCTGAAGAAAGTAGAGGGACH GGGTTTTC AACTGGA
TCATTCAAACAGT TCGT AATTCAGCATCATACACAAAGT TATTGATCAGAATTCTGAGACCACT AACAACG ACAAA
AAAAAGAAAAAAACAAAACTATTCATTTTATCTTAGGTAGCT GAATTAATAGAAACATTTCCTATTACAATGT GAAA
TAAGAAGCAACT CCCTACAATTTAAGT AATTTCTATCCCAATCTGAATTAGACACAAAT TATAATACTATTAGATAT
TAGCCTAAGT TAACATGGCAATGAGAGT TCTAAAGT GT TTACTCACCATAACACCAGATTCGT TT* AAAAACTTAAC
*TATTTCC* TGTTTTAACK TG ACAAT* G AA* T** TTTTTTA* TTGCAAGT TGI TTAGTGACTATAACT CAGCCAT
GTATGTGT GGAATACACATGCGT AGGGAAGACTATATAACT CACTTGT TACTCACACACACT TGTCTATAAATACAT
ATATACACACACACATATACATATCAATACCAACTTGT TTTTCAAAATTCAAGT CAACAATTTGGT GGCAGAGAGAT
GCTGTAAAAACAGGTATTTTTAGATGCCACACAGT CATGTGAGCCATTAATTTTATCATACAATTGAAGACATAGCC
ATCTTGAATTCTAACTGGATTAAAGT AGGTCAATTTGT TACCACT CCAAGGT TTAAAATATGACAATTTTATACACA
AAGGT GGT CCT TCATCAACT CTGAGAACAACT CTGAGAATAT TAACAGT TGTGATATAAAAAT CCAGT TTGGAAAAC
TGGTAATCATTATGCCCCTTCGT TATCTTTTCTGI TAAACCT GCTAAACCT TTCAATCAGATAAAAAATATCTTTGA
CACCTTCAGA* TATTACCTGAAGAACGT TAATACCT TCTCTGACGAGGAT TTTGGAACACAAGTAGAATCACTTTTT
CCTTCCCTCCAACCCTCACTCATTTCCTGAAAAACAGI TTTCAATATATTTACATGT TCCATT* ATTAGTAAGGATA
GATCAGACTGATCCCTGAAT TCTTGAAAAAATCTGACT TTCCTATGT CATGCTTGTATTTAAAAAGT GAAGAAAAAA
AATAAACAAGATTACTAGCCTAAAAT T* AAGT ACAGT TAGAACCAGAAAAT AGAAAATAGAAT AAGGAT TAAGCCCA
TTTTGAATTTCAATTATTTATCAGATGATAGAT TTCTACAGACGGACATGTATGGTGCACTCTATTTTCTGAAGAGA
ATTTACTTTTAAGGATAATTGACTGICTGTCTTTC TTTTTTGAGGT GATGTAGCCT TACCT CTGI CAGCTGCACAT
GATACCGAACAGEGATTTCTGTGCTATTTTTACTTCCTACT TTGGTATGACGATCT TACAGE AAAATTTGI TACCC
TGTGCCCAAAAT* AGCAGGT GTTCACAGACTTGGT TTAAA* TACATAATACTGGCAATCCAAATTTAGAATAAAGAA
CTAGACTAAGCCTACTCCTTACCCAGACAGCTTTACTCCAATCTCTGAAACATATTCTCAGEGEEEC ATCTAGCAAT
TAAGAGAGAATATGT GATGGAGAACAT GCAAT TCCGACCGT TGATAAAGACCCTCATATGTGAATTCAAGACCTTCA
AAGCACTTTGAAAGAAGCAGGCAACT GGT TTATCAACT GAAT GCAAACT CCCGAGAAGGAACAGTAACGACAGAAAA
ATACACACAGACACACACACT GAACACACACACCT ACAAGCTAT GTCCTGAAAATACACAGGGAAT GCAGAGCGACA
GATGAGATTTATAACTTAAGGCT GAATAAAATATGCACACAAAGAGAATCCAAGTCTGT CATTTTTAGAAAAT GGAA
ATTAAAACT AT COCCCCCOCCCGE CCCCCTCCOCCACAACAAAGAAAAGCCCCACAATTTAAAACTTCATACATGCAA
TTCCTTTTCTGT TATTGCAAATAAAATAAT GCCAT TGAACT AAAATAAAACCAAAACCAT AGGACAAACGATGAAAA
AAAATCTTCAGAAT CCAGAAAAAATGAACCGAAGGTGGT TTGTGGGTACT TG
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CTCCTGITTTTTTTITTTITC TTTTTTCACTTTACCTCCTCCTAATTCTG AATGTCTGTAACTAAGT TTGCTTTCTG
CCCTCTAACTCTACAGGAGCTACH AAGTTACF ATTTTTTTCCTTTGI TGCTGI TCAGTCGCTCAGT CATGTCTGACT
TTG* C* AACCCCATGGAT TGATTGCAGCACGT CAGGCTTCTCTGTCCTTCACCATCTCCTGCAGI TTGT TCAAACTC
ATGTCCATTGAGTGAGT GATGTCATCCAACCATCTCGI CCTCCGTCATCCCCTTTTCCTCCTGCCCTCAATCTTTCC
CAGCATCAAGGTCTTTTCAAGTCAGT TCTTTGCAT CAGGT GGOCAAAGTAT TGCAGCTTCAGCT TCGECATCAGI CC
TTCCAATGAATATTCAGGGT TGATTTCCTTTAGGATGGACTGGT TTGATTTCT CAAGAGT CTTCTCCAACACTACAG
TTTGAAAGCATCAGT TCTTTGACACT CAGACT TCTTTAGGGT CCAACT CTCACATCCATACGT GACACCT GG AAAA
ACCATACCATTGACTATATGGACC TTTGT CAGAAAAGT* GAAGTCTCTGCTTTTTAATATAGTGICTATGITTGTIC
AG CTTTTCTTCCAAAGAGT AAGCATC* TTTTAATTTCATGACT GCAGTCACCATTGACAGT GGTTTTAGAGCCCAA
G AAAATAAAATCTGTCACTGI TTTCCCATCTATTTCCCATGAAGTGATGGAACCAGATGCCATGA* TCTTAGITTT
TTGAATGITGAG TTTTGACCAGC TTTTTCACTCTCCTTTTTCACATTCATCAAAAGCCTCTTTAGITCTTCTTTG
CTTTCTGCCATAAGGGT GGTGOCATCTGCATATCTGAGGT TGCTGATATTTTCCCTGECAATCTTGATTCCAGCT TG
TGCTTTATCCAGCCCAACAGCTTGCATGATGTACT CTTCACATAAGT TAAATAAGCAGGEGTGACAATGTACAGCCTT
GACATACTCCTTTTCCAATTTTGAACCAGT CTGI TGT TCCACGGTCGATTCTAACCGT TACT TCTTGACCTGCACAC
AGGTTTCT CAGGAGECACGTAAGGTATTCTGGAGI TATTTTTATATCTTAGI TACTC* TTTTAGCTTAGCTTAGT AA
CTCTTGATATTAAACATACTCTGT TTAAATCACTATGTGGT TTCCATTTTCTGACT GGACAAAGGT GGTACACTTGG
AATACATAGAGTATTTGGITTCTC* TTTTTCCAAAGAGAGCCTGACT GATAGAGECTAACCATAGCCCTGEGTCTGT
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AGCCATCTTGECACTGCTCCTGCTCCTCCTCCTGCTAAGTCGCT TCAGTCGTGT CTGACT CTGT GT GACCCCATAGA
TGGCAGCCCACCAGGCT CCT COGT CCCTGGEEAT TCTCCAGEC AAAAACACTGGAGTGEGTTGCCATTTCCTTCTCC
AATGCCATGAAAGTGAAAAGT* GAAAGT GAAGT CCCTCAGT CATGT GCGACT CT TCT CGACCCCAAGGACTGTAGCCC
ACCAGGCTCCTCCCTCCATGGEGACT T TCCAGCCCAAGAGT ACT GGAGT GGEGTGCCAT TGCCT TCTCAGATCTTGGCA
CTAAGCAGAAACAAATGCATTCTTCTCTGGGEGT TTACTTTCCTGCTTAGATCCTTAAGACTCATTTGI TCATTTAAC
AGA* TTTGTTGAGCTCCTGI TATGTATCAGTCATTGI TCTAGAT GATGCGGATAAACTAATGAACAGAAGAAAAACC
CTACCTTATATTTTCACAGAAATATACCAT CAAATATAGAAGCGAAATATGCTACCAT GAATAGAAGACAAAATAGAA
CACATTTATCAATAGATCTCTACGG TTTTTAG ATATTGCAATTTTCTAGATAGAAGAAGATATAAATAAACTAGA
AGGCGAAATGTTTAAAGAAAT AAAAGGT GGGGACT TCCT TAGT GGT CYTGGT GGT TAAGAAT* CCACCTGCCAATGTA
GGGCGACATGGEGT TTGAT CCCTGGT TCGEGAAGATTCCACAT GCT GCAGGEGCAACTAAGGCCACGCACCACCAACTAC
TGAAGCCT GTGAGCT CTAGAGCCT GT GCTCCACAACAAT GAGAGG CTGECECACCACAAGT TGAGAGTAGCCCATG
ATAACCACAACT AGAGAGAGGCCACAT GAGCAACH AAGH ACCCA* GCACAGCCH AAAAATAGACAATCCCATTCCTA
GIGEGATTGGAAAAT TGT GCATCCCT ACGCGAAAACCT TCTGECAAT TTCTCACAGT GT TAAATAGAGCTACTACAT
AACTTAGATATATTGGTATATAACCAAGAGAAAAGAAAATATATATTCACGCAAAAACH AAGTACATAAATGT TCAT
GGCAGCATTATTCA* TAATACTCCCAAAGT AGT* AACAACCCAAATGT CCATCAACT GGTAAATAAATAAACACAAT
ATGGTAGACCCATATAATGCGAATATTATTCAGCCGCAAGAAGGAACAAAGT AATGATATTTGCTAAAATATGGATGA
AAATTGGAAACATTTTGCTAG ATAAAAAAAAGT T* ATAGAAGGT TATATATATGT TGTATGATTCCATTCATATGA
ATTGICTCCACTAGGCAAAT CCAAAGAGAAAGAAAATAGATTAGT GAT TT TGEGGAGACAAGGGTAGAAGEAAACT G
GCAGITATTCCTAATGAGTATAGAGI TTCTTTTC AGCGA* GATCGAA* TTTTTCAAGAATTCATGGTAATTATTTC
ACAACTTCTGTGAATGTGAAT TGTACACT TTCAAAGGGTGAATCTTACTATTTGCAAATTATATCTCAGTAGAGCT G
TTATTTTTTTAAATGAGCAAGGCAAAGAGACTATTG* AAAAT GAAGAGACACATCTG* AAAAGGGAGCAAATAGAAC
TTAACAATTTAGTCATTGAGATT* AAAAACT* CAATAGACAGACT AAACAACAGAT TATGCATACCTGGACGATGAA
TTAAT GAACCGGAAGATAGAT CT GAGGAAATGACCAGAAT GCAGT GCAGAGAGT CAAGGAGATGAGGAATATCAGT G
AGAGGT TAAGGAAAGAACAGATGGAAT GAGACGGT CTAAAATAT ATCCAAT CAGAAT CCCAG AAGGAGAGAATAGA
GAGAATAAAGAAGAACCAATGT TTGAAAAGCT AATGECTAAGAAT TTCCAGAT CTGATAAAAGACACCAACACACGCG
ACAGGAG AAAAAGAACATGCAT CCAGCAGGT TAAAAAAAGACATACACAT GGACATAT TGCAGAGAAAGCACAGAG
CATTACAGGCAACAT TGT TAAAAGCAGCCAGAGAGAAAAGAAAGACT GCCTACAAAGAAACCACAAATCGGACAGTA
ACAGTAACAGT GAATCTAAAGGACAGAAAGGT ATCT TCCAGGTACAGAGAGAAAAT* AACTGCTAACCCAGATAACA
GTAAAATAAACTATTTATTTAAATAAACAGT TAAATAGCAGT TAAAAT AACTGTAAAACACT GCTAATGAAAGAT GG
TGATGACATGT AATGT GT GEGGT TGAAAAGGACAGGCACAAACACTGGACAAT AATAAT TTATAGGT GGGGAAAGAG
AGGTAAGCCTGT GCACCACAACT ACT G CCCCCCAGCT CTGGAGCCCT TAAGCCAAAACT ACT GAAGCCCACCTGCT
CTAGAGCCT GCCTGT GCTCCGCAACAGAAGAAGCCACGGAGAGCCCACCCACT GCAGCTACAGAATAGCCCCTACTC
TCCACAGCTAGAGAAAGCCCT CGCACAGCAGCGAAGACCCAGCGECAGCCAATCAAAGAAAAAAGGT GEEEA* GGG
GAACCr ACAAGTATAAAAGGGACAGACAGT TAAGAGAGCTCAGATCTAGA* TTTTTTAAAAATCTAGACACACCTAA
AATTAAAAGACAGAGAAAGGATGAACGTAAAAT GAT GAGCAAGAGC AAAAGCTCATTAAAAGAAAGCT GGTGTGAT
TATATTGATATTAGATAAAATAGACTATAAAGCAAAAAT* GTATTTA* TCAGT TTAA* TGATACAAGGT TTAATCCA
TCGCCGAAAATATAATGGTTCTAAA* GT TGT GSGTGCCTACTAAAATAATTTACAAATACACAAGATAAAATGTACAG
AACTATGCGATAGAAATTGACTAATCCACTAACATAGTAGGGGAT TTCAATACAGAGCTCTCAATTATTAATGGGT AA
AAAAAAGH ATTGGAATAACACAATCAACCAG CTTGATTTAGTGGATATTTATAAATCACTCTACATCCAACAATCA
AGGAACAGACATTC TTTTCCAGT GCACATGGAACATTTCCAAAAAT TGACTATATAAAAGGCCATAAAGCCGGTTT
CAACAAATTTCAGAGAATTTGATTCACATAAATTATATTTTATGACCT ATGATCATGGATATAGCT TATGCAATTAA
GITAAAAGT CTTTAACAGAAAGATAAATGACAGCGT CCTCTAAGT TTTGAAAATTGGAAAGT ACATTTCTATATAAT
TTATGAGI CAAGTAAGATATAATAGAAAT TAAAAGT TGTATAGAAACAACTATATGGTACATGATGAAAATTGTAGA
TATCAAAACTGGTGGGT GTAGCAAAAATGGTAATAACAGCGAAATTTATTGCT TTAGATATTTACAA
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TACTTAGIC* TATTTTN* * TTTTTTTTAAGGAATATAAAATATTTTGT TTATATAACAAGCGACATTTATGATTTAA
AGTTGATAAATG TTTTACC* AAAATTGCCTAG AAAAGCATTTCTGT TAAGCCTGTGI CAGCGTGTTCCCCTTTGC
AGCAGT TTTGAGGATTTCATGAAGGAAAACAACTAAAAGAAGCAT TAAAAGT* AATGAAATATCCAGATGTTCTGCA
CATGCCAAACTGCGATAGGT GGT TTCCACTCT TCCATTATTTAT GGGAAAT GATACAACACATAAT GACATCGGGAG
GATTTTTTAAAAGGATAGCT GCAGATTAATCT* GAAAAATGT GCT* AACTTAATAATAGT TAATAATTCGTAAAGTT
GAATCCATT* GAAATTGT TGAAT TAT GCT CGGT GATACATACAAAATAGT AATCTTAAGCAACH TTTTCAGAGAATA
TTGATGGACTGI TTGCCTTTGAGCTTGGAT TCTAAAATGCATAGATATCTCTGT TTTGATGT GATTAATCTAAATTC
CAGCAGTCAACATTTGATTCAGCTCACAGACATGTAACAATTATGATTCCTGTIGTTTTCTCCTATGAAACAAGT TGT
CAGATTACAGI TATGCATTCTG TTTTTGTCCCCTTCTCCCTCTCTTCTTGTGTGGTATCTTTTC AAATTGAAAAC
TGCTTTTCCAGAGCGCATTATTTGTGCCTCCCTAAGGT TTTTATGACAGGT GAAAAGGAACTGGGA* TA* TTTTTTT
CACTTTCTTCATTTAGI CTGT GATAAGAAGTAGAAAAATTACTAGAGT GGTATCGACTCAATGT TTTTGATGATGAA
AATAATTCTCATTGCCATTTTGAAAGT TATTTCTCT GAGGGCAGCAGATTTTGAAACCAGAAAATGT CACTTATTCC
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GACAGGTTTTACAGAGGTCTTTATGGT TTTGGT TTTGI TTTAATGGECAACATTTTGACT GTCAGACTAAAAGAATAT
TCTGITGATTATCTTTAAGCATCACAGAAATTCAAGGGTACATACCTATTTCTTTCAATGT T* AAAAATGATAAGT* A
AAATT* AGCTATATCTGTATTTTTTTCTTCTAGTGCCAAATGAATCCCTTAGCTACTCATAGT GCATGGTACTGTAA
GIGAAGACCTGCAGF C- TTTTTTT* TTTAATGAAAACCATTATAATGGT GTAGH CAACATCAAATATAAAATTAAAC
AACAAGATTTCAGT TAACATTTTATGTATAGATATTGCTTTG * TGAAGT CTAAGAAAAAGGT TGCAGCTCGATCAG
TATAAAAGAGAAT GACCAAGCCAAAAT CAGCACCT AGGGCCT TAAAGAAAAGAGAGATACCCCATGAAATGAGATGC
TCTGAAGGATGCEGAGEGAAT GGAT* GGEEGACT TTAAAAACCTAT TCCCCCAAGAAT* GCAGGGTACTTTTACTGI T
GCTGTAGT TATGCTTTGCGT GTCTCCTTGCTTCAGT TAGGAA* TGTTTTGATGGTGAAT TCTGCCATAGTAATCTGC
TTCTGT TTTCCTGACCT GGGAATTTTACAAGAAAGGT TTTTAAGATGGTCTAAAGGGAAGTATTTGATCCCTAATTT
GAAAATTACTGGCCTTGATCTTCCTGGTGT GAATCAAGGAGCTAGTGTACCTTGCTCTTGECAACTCTCATGGECCT G
AAAGAGAAAAGGOCCAT CCT CCAGGT GEGTGAATCACACCT TTTTCGCAGCTCTGAACAGACCCTGTATTTTTCAGA
CTTCAAGGECCTGCTTACT TGACAGT CTGAGEAATAGCT GTGATACTTGGTATTTACT TGGT TCCATTATTAATGCAT
ATGA* TTTTTAAACATCAGAACTTAAAATATCAGATAATGT TCCATGT TTTATAAAACATTTCATCCCTTTGGECT* A
CCCAGGATGAGAACTATTTTAGGTATTACGTACTTATTAAATGAGAATAATGATTATCTGTACATATTCAGACAACH

AAAATATAATGGTACTCAGT GTTTTTG AGAAGGGEGCEGACCGGAATCCT* GEGGAGAGT AAAACTGCTGATTGAGAT
GCTGACAAAGT TGACTTTGAAGACAGT GGGATAGATGATGAATTTTGCTAATGGTAACAGA* TTTTTTTTTAAAACH

TATTCTATAGCAGTACATTGT TCACTATATTGCTAAGGATCTAATTCTGI CTTGTAAAACAAATCCAAATATGTATT
GTGAAACACCTGTATAAAACCATTCTTGAAACAAGTGATCTACATCCCTTG TTTTTTTTTAAATTTTG TTTTTGA
TAGAATTATTTTAAAATGTGT TTAGCAAAACCCTTCCCAAACTTAAGI TTCTTTTTTTTTAAAGESE AAATAAATAG
GTAAGAAAGGTGATAGI TCTGTATCTCAGCTTCTCTGAGAACTCTGEGCTATTGC TGTTTTTTTAGCC ACTTTTG
TCATTTTGTGITTATTATTGGTAGAAT TGTGT CTTAGATTATAAATCT TCCTCGATAAATTACAAATTCAAT* CAAA
ACTTATTGCTTAATAATTGT CAT* AAAATTGAAT TAGAGACCCAGGT GGAT GAATGCCT GGGCAAACCATGT GAAAC
CT* GGGTGGGT TTTGCACTTAAGCAT TGGT* AAAATTGATCTCT TGAATTTAGGTAACT GTATAAT TCAAGGAAT GG
GCCAACAAATCCATCCTTAGACT G ATAAAGGGGAAAT TTTTGECCTAAGAGCTCTGAAACAACATTGITTTCTGTC
TACCCTGGATTGCT TTCTCACAGGCCACAGTCCATAAGGT TTTTTGCTGI GTGAACT TCAACCAGCCAATG AAAAA
GCAAGCTTTGGTCTTGI TTATTTCTGCGAAGSGTTTTATTTCATTACACT GATAGI TGATTAGTAACTTGGTAATTA
TGAGAAACT TAGGT CTGCTAGCACTGT TTGAAGTAAAAT GT GAT TTGGGGT CAGCAGCT GCATAAGTATCAATTCT G
CATTTGGCAAGTGITTTTG AAAATTAGAT CCCAAGCGAACAACAGCCTGT CACTAGT CTCCACCT CAGCTGAGGCA
GCTACTTTAGGAATAAGGT TGCTTTGGEGT TATT TGAGCAGAAACAGT TCTTTCT CCEEGAAAGGEECAGEGET GAGGA
GTGAGTTACTGGACCTTGGATTACTTTGCTGECTTTAGAAGCAGCCAGTGATTGGACTAGAGAGGAGAT GGAT* AAA
AGTATAAAGGACTTCCTTTTAAGGTAGATTTTCTGTAAAAACCT TGAGTGI TCCTTTCAGGCTAGCCAGATGT GTCA
ATGTACAGATGACTATTCCATTTTCCTCACTGATTATACTGT AACATTAAAAT GGGT TAAAACAAAACTCTGCCTTT
TGITCTATGAAAAGT TATTAGTCCATAAGA* TTTTAAGCTGT GTGTTTACT CCTGCTCT GAAAATGCACAGCCCTGC
TCTGGATACCCT CTCTGGAAGGT AGAGAGCTCCTAATGT GT GTGGCACAT TGCCGEECT TTCTCATACATTGCTGEC
AGATTTGCCCAAAT CTTCAGATGGECTGEGTAGTACAGTATCTTCTCCAAATGT GCGATCTGAAATAAATACTTGT G
GATAGTGECGATAGATATATTAA* TTTTTAAAACTGTAAAGTAAATGTCTAGICCTAGG TTTGTGGTGTGI TCGT T
TGTGITAATGI GTAGCGAAGGAACACT GACTTGATGGT TACGAGGAGT GTATCTTGATGT GT GT GCAGEGGT GAGAC
TCGCTAAATTTTTAACAGCT TTTCATTTAGGEGTAAGT CACGTGT TGAGT GBCCTAATC AAAAAAATGAAGGATCG
AAGATAACAAGCTTTG CCAAGTGATGF AACK AAGGTTTTGTATC TGTTTTTTA* TCAGGTGT TGTAGAATTTGT G
CATGECCTTTTTTG TTGITGCTTAGT AAT TGGTAGAGAAGAAAAGAT GAGTGAGAAAAATCTTAGCTTTGCTAACC
AGTCTTTTCAGACGT CCATAGCT GAGGAGT AAAAT CTGACT GECTTAACATGGTGAAAGAGCCTATCTTTTATAACA
CTCACCTCATCCTGCAATCCTCCACATAGAAGAATTACGT TGTTGTATTCTAGT AATTCACTGTGATTTATAACAAA
CCAGIGATGTCATCCTGT TGTGCACTTTTGTCAAACCATTTACGTGATTTTAATAAACATAGTAAACTTGCTGACTG
CACCGGAGGTCTGI TAGTGATTTATATATTGCATGCGECA* TTTTCTATTTGAGI TTGACATGTAGAATCATTTTTAAT
TTCGTAGIAATCGATAGT CCTAATAGCCCAGCTAATTTGAAACTAACAATATTGCT GTGT* AAAAAGAAAAAAT* GG
TGTTTGTGI TCAGTAAATGITTG AAAAAAACT* GCCTTGAAGT GTGTGTCTTTATTGT TCAGT GT TGAGATGATAT
TTTG TCAAATTCA* TTTTTTTAAAAG TTGI GAAAGT TGTACAT* GGEEG* AAAAATTCAGATAGT TAAGT AAAAA
TTCAAATAGTAAAAAG AAAAAAATTTACATCTCTCTTTGCCTCCCAT TTGGACTCTTCAGAGGATATTCACTAGI T
TTTTGAGTAGCTTCCCAGAATTTTTCTGIGTGTATATATG TATTTTTTCTCCTG * CTTTTAAAAATGTAAATGG*

ACTTTTAACTTTCCTACAC TATTCTGCA* TCTTGTCTATTTTCATTGAGTATATCTTA* GACF TATTTTTTCATTT
TGGTATGTATAGATTTTTTAAAAAGAACAAATTTATAGCATTTAATTCTACGTATG AACTTAAAATTTATTTAACC
AGGCCTTCCTGTTGGATTTTTAGGTTTTCAGT TCATTGATATTCTAAATACTGT TTCAGACAGT GAACATCCTTGT G
TACTGT TTTTTCATAGAACAAACTCATTTCTAGCCCTGGAACTTCTGGT TTAGTAACTGAGT GT T* AAAAATCCTGA
CGGGTGAGCCAGI TGCCTTCCATCH TCCCTACATCCTTATTGACATCAGAGGT TATCTCATCATTCAGCTTTTGCTA
AGATGATGGAAATGGAAAATATTACT TCATGGT TTTGATTTGAGT TCCGT TAT TATGAATGAGGT TGACATATATTT
ACTGACCTTTTAAATTTGITTG C-TTTTGEECTGTGE TCTTTTTCTTGCTGTGTGT TAGAAATTGE AAGTTTTC
TCTCATACATCACAGCTTGTAGT TTGTTTTTAAGTATAGTAG TTTTTACATGT TCTGAATTTTGTATCTTGCTTGC
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AGAGTCTTCTCCATCCCAAGCTCATGCATC TTTTTTTACCCATGITCTCTCTTAGTGCTTTTCCCTCCCACGICTC
TCTCT* CTTCCCCCCTCCOCGCCCCTTCCTCCTCTCCTCTTGI TCTTCGGT TTAAATC TTTTTATCTACCT GGAAT
TTATTTTGATTAAGGAT CCAGCTAGCCAAGAGCTCTTTTATTTTCCACTGATTTGAATCAAAAGT TCAAATGCCCAT
AAAGTAATTGGATCTG TTTTTGCCTTCTCTGT TCTACTGI GI' TGCCCGEGCAGT GGTGCGACCCT GAGGAGTATTG
TCTGEECTCTGT GACCT CAGCCAAGT TCCTTTTCGATGT TGECT TCAGT TTCTCTACAT TGGGACAATAATATCATC
TAAGT TGTAGI GAGCAAATGGCGAGAAT TAATATTCTTAACGT AGT GCCTAAAACT GAGGT GCCTGGTAAATGT TAAG
TACTAATCTTCGTGEEECTGATGI TTCTTCATTTGTCTTTTTTTTCTCTAACCAGAGAAGE ATTTTTTAATTTGECG
GICAGCTCTOGGT TGCGECT TGAGCGATCT TTGI TGTGGCATGCAGGATTTTTCGCTGT GBCACATGGACTTCCTAG
TTGIGT GCGTGCTCCAGAGT GTGT GGGCT TCAGAAGT CAGGGCACTCAAATCCTAGT TTTCACACACCAGCCTAGI T
GCTCTGTGGCAT TTGEGATCCTAGAT CACCCACCAGEGATTGATCCACGT CCCTTGCAT TGCAAGGTGGSGT TCTTAA
CCAGT GGAACCACT AGGGAAGT CCOCAAGCCAGAAAATTTTTTAGCAGT TTA* TTTTTAGAAGGTCT TG AAAATAT
TGTTAG TTTTTTG TTTATAATGTAGATAGGAGCCTTTCTTCCATTGTATATACT TCTAAATGT TAATGI TTCGAT
ATAGACATTTTAA* TGGATTTCCCTTTTTAAACATTTATTTCAGT TGCTTCATTTGGATGTCCTGGGTATACTAATC
ATAATTTACAAGTAAATGATAATTTTGCCTTCTCATTTCCAGTATTCATACCTCATATTTGT TTCTTTTACCCAATA
TAGTCATTGEGATTACCAGAAGAATAT TAAAGGGT GATATGAGAGCACATTTTCTGCAACTGI TTGCTTTCACATTT
TGATTTAGGGT GTCCCTTTATAGCOGT CTGAAAAACCAT TTAGGGCAACTCTCTCACTTTACAGT TGAAGATACAGG
CTCACAAAGAAGTGAGI TGT TCATCCAAGGT CT CGCAAGGACCAGGT GTCAGAGCCT GGGTAGGCT TGGACGCTTCTT
GACCCACT GACCAGT CCTCATTCACT GTAAGACTGACACACCAGGACAGAGAAGCT CACCTGAGEGT CTGCCAGATC
TTTCCT GGECAGCGGCACCGACCGCGACCCAGAAAT TAGATTCTAAAGCCTCH TCF TTTTTTTTCCCCCTCTGIGITT
CAAGTAATGTCTCCTGT GTTAAAGTAACAGGT GCCCAGATAAAAGAAAAT GCTGECAGAAATATAT TTCATCAGGTA
CTTGATCTGGAAAACTCCAGT AT GAGATAAAAACT TCAGGT GACTCACAAAATCT TG TTTTTG TTAAGCTTAG
ACAAAACT* ATTTGTTCTAATTTGCCT GI GCTTGGTAAATCT GGT GI'GCT CAGT TCATCCAGAGAGCAGGACT GEGG
TTTGCTCTGECCTTAACCAAT GGG AAAAAACT CT CAGAAAT TCGEGECT TATCCAGCAT CTACT GT GTGT CAGCACT
GTATTAGGGATGI TATAGGTATAAGACGTATAGCGATGT TCTATACCACATACAAGGACTATGGTCCTTAAATGEGEC
C* ATATGGACCT TATGGACAATAAGGACTATGGTCTTGECCTGT GATAATCTTTTTG TCCAGCTAGAT GCCCCTAT
TTGAAATCTGATTTCC TATTTTTCCT* C* TAAATTTTAATTTTTTTTAA* TCTGECY AACF AAATTTTAATTTTAA
AAGTTTAGGATGI TACTTATGAACTCTGGCTTGEECCACCT TCTGAAAACATTTCAGAAAACT TTACCATCATCCTT
TTTAGTATAGT GCOCAGCGAGATAGCGACGAAGAACGTGCCCAGCTGT TGAGTAAGGATGAGT CCTTAAGTAATGATG
CCCCOCAGCTTCTTT* AAAAACATTTTTCTGCTCATACCCTGCTTTGAGCCTCATGIGTTTGCTAGGTACATTTTAGC
CTATATCTTCTTGAACAGI TTCAGAGGCCAAGT GCCAGECT TCT* CCCOCT CCCCACACCAGCAAAGCCGCCTCTGTT
CTGGIGTCAGT TTCTGI TTGGAACACGCT GTCCTACT TTAGCACGAT GTCAAAGCT AGT GAAACAGACAGCGACACA
AAAGCACT GCAGAT TCAACGT GGCCGATTAAGCT TGAGTATTCTATAGT GTCACCTAAATAGCTTGGOGTAATCATG
GTCATAGCTGITTCCTGI GTGAAATTGIT TATCCGCT CACAAT TCCACACAACAT ACGAGCCGGAAGCATAAAGT GTA
AAGCCT GEGEGT GOCTAATGAGTGAGCTAACTCACAT TAATTGCGT TGCGCT CACTGCCCGCT TTCCAGT CGGGAAAC
CTGTCGTGCCAGCT GCAT TAATGAAT CGGCCAACGCGAACCCCT TECGECCACCOGGEECCGT CGACCAATTCTCATG
TTTGACAGCTTATCATCGAATTTCTGCCATTCATCCCCTTATTATCACTTATTCAGGOGT AGCAACCAGGOGTTTAA
GGGCACCAATAACT GCCTTAAAAAAAT T* ACGCCCCG CCCT* GCCACTCATCGCAGTACTGT TGTAATTCATTAAG
CATTCTGCCGACAT GGAAGCCAT CACAAACGGCAT GAT GAACCT GAAT CGCCAGOGGCATCAGCACCTTGTCGCCTT
GCGTATAATATTTGCCCATGGTGAAAACGGEEGEOGAAGAAGT TGT CCATAT TGGOCACGT TTAAATCAAAACTGGTG
AAACT CACCCAGCGATTGECTGAGACGAAAAACATATTCTCAATAAACCCT TTAGGGAAATAGGCCAGGT TTTCACC
GTAACACGCCACATCTTGCGAATATAT GT GTAGAAACT GCCGGAAAT CGT CGT GGTATTCACT CCAGAGCGATGAAA
ACGTTTCAGTTTGCTCATGGAAAACGGTGTAACAAGEGT GAACACTATCCCATATCACCAGCTCACCGTCTTTCATT
GCCATACGGAATTCCGGATGAGCATTCAT CAGGCOGGEECAAGAAT GTGAAT AAAGGCCGCGAT* AAAACTT* GTGCTTA
TTTTTC* TTTACGG TCTTTAAAAAGGCCGTAATATCCAGCT GAACGGTCTGGT TATAGGTACATTGAGCAACTGAC
TGAAATGCCTCAAAATGT TCTTTACGATGCCATTGGGATATATCAACGGT GGTATATCCAGTGA* TTTTTTTC TCC
ATTTTAGCTTCCTTAGCT CCTGAAAAT CTCGATAACT* CAAAAAATACGCCCGGTAGTGATCTTATTTCATTATGGT
GAAAGT TGGAACCT CTTACGT GCCGATCAACGT CTCATTTTCGCCAAAAGT TGGECCCAGGEECT TCCCAGTATCAACA
GGGACACCAGGATTTATTTATTCTGCGAAGTGATCT TCCGT CACAGGTATTTA* TTCGCGATAAGCT CATGGAGCGG
CGTAACCGT CGCACAGGAAGGACAGAGAAAGCGOGGAT CTGCGAAGT GACGGACH * AGAACGGT CAGGACCTGGATT
GGGEGAGECGGT TECCACCAECTCCTCCTGACGGT GTGACGT TCTCTGI TCCGGT CACACCACATACGT TCCGECCATTC
CTATGCGATGCACATCCTGTATGCOCGEGTAT ACCECT GAAAGT TCTGCAAAGCCT GATGCGACATAAGT CCATCAGT T
CAACGGAAGTCTACACGAAGGT TTTTGOGCTGGAT GTGECT GOCCGEECACCGEEGTGCAGT TTGCGAT GCCCGAGT CT
GATGCGGT TGCGATGCTGAAACAATTATCCTGAGAATAAAT GOCT TGGCCT TTATAT GGAAAT GTGGAACTGAGT GG
ATATGCTGT TTTTGTCTGI TAAACAGAGAAGCCT GGCTGT TATCCACT GAGAAGCGAACGAAACAGT CGEGAAAATCT
CCCATTATCGTAGAGAT CCGCATTATTAATCTCAGGAGCCTGTGTAGCGT TTATAGGAAGTAGT GT TCTGTCATGAT
GCCTGCAAGCGGTAACGAAAACGATTTGAATAT GCCTTCAGGAACAATAGAAAT* CTTCGTGCGGT GTTACGT TGAA
GT' GGAGCGGAT TAT GTCAGCAAT GGACH AGAACAACCT AATGAACACAGAACCATGATGTGGTCTGTCCTTTTACAG

255



CCAGT AGT GCTCCCCGCAGT CGAGCGACAGEECGAACCCCT CGAGT GAGCGAGGAAGCACCAGGGAACAGCACTTAT
ATATTCTGCTTACACACGAT GCCTGAAAAAACT TCCCT TGGGGT TATCCACTTATCCACGEGGATATTTTTATAATT
A*TTTTTTTATTAGTTTTTAG ATCTTCTTTTTTAG AGCGCCTTGIAGECCT TTATCCATGCTGGT TCTAGAGAAG
GIGTTGTGACAAATTGCCCT TTCAGT GTGACAAAT CACCCGT* CAAATGACH AGTCCTGT CTGTGACAAATT* GCCC
TTAACCCT GTGACAAAT TGCCCT CAGAAGAAGCH TG TTTTTTCACAAAGT TATCCCTGCTTATTGACTCTTTTTTA
* TTTAGTGT GACAATCTAAAAACT TGT CACACT TCACAT GGATCT GT CAT GECGGAAACAGCGGT TATCAAT CACAA
GAAACGTAAAAATAGCCCGCCGAA* * TCGT CCAGTCAAACGACCT CACT GAGECGECATATAGT CTCTCCCCCGATCA
AAAACGTATGCTGTATCT G TTCGF TTGACCAGAT CAGAAAATCTGAT GGCACCCT ACAGGAACATGACGGTATCT G
CGAGATCCATGT TCCTAAATATGCTGAAATAT TOGGAT TGACCT CTGCCGAAGCCAGTAAGCGATAT ACGGCAGECAT
TGAAGAGT TTCGCGGEGAAGGAAGTGGTTTTTTAT CGCCCT GAAGAGGAT GCCGECGAT G AAAAAGCCTATGAATC
TTTTCCTTGGI TTATCAAACGT GCGCACAGT CCAT CCAGAGGECT TTACAGT GTACATATCAACCCATATCTCATTC
CCTTCTTTATCGEGT TACAGAACCGGT TTACGCAGT TTCGGCTTAGT GAAACAAAAGAAATCACCAATCCGTATGCC
ATGCOGTTTATACGAATCCCT GTGT CAGTAT* CGTAAGCCGGATGGCT CAGGCATCGT CTCTCTGAAAAT CGACTGGA
TCATAGAGCGI TACCAGCTGCCT CAAAGT TACCAGCGTATGCCT GACT TCCCCCACCECTTCCTCCAGGTCTGIGT T
AATGAGAT CAACAGCAGAACT CCAAT GCGCCT CTCATACAT TGAGAAAAAGAAAGGCCGECCAGACGACT CATATCGT
ATTTTCCTTCCGCGATATCACTTCCATGACCACAGGATAGT CTGAGSGT TATCTGI CACAGATTTGAGGGTGGTTCG
TCACATTTGTTCTGACCTACTGAGGEGTAATTTGTCACAGI TTTGCTGT TTCCTTCAGCCTGCATGGATTTTCTCA* T
ACTTTTTGAACTGTAATTTTTAAGGAAGCCCAAATTTGAGGEGCAGT TTGTCACAGI TGATTTCCTTCTCTTTCCCTTC
GICATGTGACCTGATATC* GGEGGT TAGT TOGTCATCATTGATGAGGGT TGATTATCACAGI TTATTACTCTGAATT
GCCTATCCGCOGT GT GTACCT CTACCTGGAGT TTTTCCCACGGTGGATATTTCTTCT TGCGCT GAGCGTAAGACGCTAT
CTGACAGAACAGTTCTTCTTTGCT TCCTCGCCAGI TCGCTCGCTATGCTCGGT TACACGGECT GCAECGAGCGCTAGT
GATAATAAGTGACTGAGGTATG TGCTCTTCTTATCTCCTTTTGTAGTGI TGCTCTTATTTTAAACAACTTTGICGG
*TTTTTTGATGACTTTCCGATTTTGI TGT TGCTTTGCAGT* AAATTGCAAGAT TTAAT* AAAAAAACG CAAAGCAA
TGATTAAAGG ATGT TCAGAATGAAACT CATGGAAACACT TAACCAGT GCATAAACGCT GGT CATGAAATGACGAAG
GCTATCGCCATTGC* ACAGT TTAATGATGACAGCCCCGAAGCGAGEAAAAT AACCCGEECGCT GGAGAATAGGTGAAG
CAGCGGATTTAGT TGEGGT TTCT TCT CAGGCT ATCAGAGAT GOCGAGAAAGCAGEGCGACTACCECACCCCGATATG
GAAATTCGAGGACGGGT TGAGCAACGT GTTGGT TATACAATTGAACAAAT TAATCATATGCGTGATGTGT TTGGTAC
GCGATTGCGACGT CCTGAAGACGT AT TTCCACCGGT GAT CGGEGT TGCTGCCCATAAAGGT GGCGT TTACAAAACCT
CAGITTCTGITCATCTTGCT CAGGAT CTGGECT CT* GAAGCGEGCTACGT GT TTTGCT CGT GGAAGGT AACGACCCCCA
GGGAACAGCCT CAATGTATCACGGAT GEGTACCAGATCTTCATAT TCATGCAGAAGACACTCTCCTGCCTTTCTATC
TTGECGAAAAGGACGAT GTCACT TATGCAATAAAGCCCACT TACTGECOGEEECTTGACATTATTCCTTCCTGICT G
GCTCTGCACCGTATTGAAACT GAGT TAAT GGGCAAATTTGATGAAGGT AAACT GCCCACCGATCCACACCTGATGCT
CCGACTGECCATTGAAACTGT TGCTCATGACTATGATGT CATAGT TAT TGACAGCGCCCCTAACCT GAGTATCGGCA
CGATTAATGITCGTATGI GCTGCCTGATGTGCTGATTGT TCCCACGCCTGCTGAGT TGT TTGACTACACCT COGCACTG
CAGTTTTTCGATATGCTTCGTGATCTGCTCAAGAACGT TGATCT TAAAGGGT TCGAGCCTGATGTACGTATTTTGCT
TACCAAATACAGCAATAGT AATGGECT CTCAGI CCCCGT GGAT GGAGGAGCAAAT TCGEGATGCCT GEEGAAGCAT GG
TTCT* AAAAAATGT TGTACGT GAAACGGAT GAAGT TGGTAAAGGT CAGAT CCCGATGAGAACT GT TTTTGAACAGEC
CATTGATCAACGCTCTTCAACTGGTGCCTGRAGAAATCCTCTTTCTATTTGGGAACCTGT CTGCAATGAAATTTTCG
ATCGTCTGATTAAACCACCCT GGGAGATTAGATAAT GAAGCGT GCACCTGT TATTCCAAAACATACCCTCAATACTC
AACCCGTTGAAGATACT TCGT TAT CGACACCAGCT GCCCCGATGGTGGAT TCGT TAATTGOGCGOGT AGGAGT AATG
GCTOGECGGTAATGCCATTACTTTGCCTGTATGT GGT CGGGATGT GAAGT TTACT CT TGAAGT GCTCCCEGEGT GATAG
TGTTGAGAAGACCT CTCGGEGT AT GGT CAGGTAATGAACGT GACCAGGAGCTGCTTACTGAGGACGCACTGGATGATC
TCATCCCTTCTTTTCTACTGACT GGT CAACAGACACCGGECGT TCGGT CGAAGAGTATCTGGT GTCATAGAAATTGCC
GATGGEGAGT CGCCGT CGTAAAGCT GCTGCACT TACCGAAAGT GATTATCGT GI TCTGGT TGECGAGCTGGATGATGA
GCAGATGGECTGCATTAT CCAGAT TGEGTAACGATTATCGCCCAACAAGTGCTTATGAACGT GGT CAGCGT TATGCAA
GCCGATTGCAGAATGAATTT GCTGGAAATATT TCTGCGCTGCECT GATGCGGAAAATATTTCACGTAAGATTATTACC
CGCTGTATCAACACCECCAAATTGCCTAAATCAGI TGI TACTCTTTTTTCTCACCCCAGT GAACTATCTGCCCAGTC
AGGTGATGCACT TCAAAAAGCCT TTACAGATAAAGAGGAAT TACT TAAGCAGCAGGCATCTAACCT TCATGAGCAGA
AAAAAGCT GEGGTGATATTTGAAGCT GAAGAAGT TATCACTCTTTTAACT TCTGTGCTTAAAACGT CATCTGCATCA
AGAACTAGT TTAAGCTCACGACATCAGT TTCCTCCTGGAGCGACAGT ATTGTATAAGGGCGATAAAATGGTGCTTAA
CCTGGACAGGTI CTCGTGT TCCAACTGAGT GTATAGAGAAAAT TGAGGECCAT TCTTAAGGAACT TGAAAAGCCAGCAC
CCTGATGCGACCACGTTTTAGICTACGITTATCTG TCTTTACTTAATGI CCTTTGI TACAGGCCAGAAAGCATAAC
TGGCCTGAATATTCTC TCTGEE CCCACTGITCCACT TGTATCGTCGGT CTGATAATCAGACT GGGACCACGGTCC
CACTCGTATCGTCGGTCTGATTATTAGTCT* GGGACCACGGT CCCACTCGTATCGT CGGTCTGATTATTAGI CTGGG
ACCACGGT CCCACT CGTATCGTCGGT CTGATAATCAGACT GGGACCACGGT* CCCACTCGTATCGT CGGTCTGATTA
TTAGI CTGGGACCACGGTCCCACTTGTATTGI CGATCAGACTATCAG CGT GAGACTACGATTCCATCAATGCCTGT
CAAGGCCAAGTATTGACATGT CGT CGTAACCT GTAGAACGGAGT AACCTCGGT GTGCGGT TGTATGCCTGCTGTGGA
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TTGCTGCTGTGT CCTGCT TATCCACAACAT TTTGCGCACGGT TATGT GGACH AAAATACCTGGT TACCCAGCCCGT G
CCGGCACGT TAACCGEECTGCATCOGATGCAAGT GT GT CCCT GT CGACGAGCT CACGAGCTCGGACATGAGGT TGCC
CCGTATTCAGIGTCGCTGATTTGTATTGT CTGAAGT TG TTTTTACGT TAAGI TGATGCCAGATCAATTAATACGATA
CCTGCGTCATAATTGATTATTTGACGT GGT TTGATGECCTCCACGCACGT TGTGATATGTAGATGATAATCATTATC
ACTTTACGGGTCCTTTCCGGT GATCCGACAGGT TACGEGECGECGACCTCCOGGGT TTTCGCTATTTATGAAAATTT
TCCGGTTTAAGGCGT TTCOGTTCTTCTTCGTCATAACTTAATGT TTTTATTT* AAAATACCCTCTG AAAAGAAAGG
AAACGACAGGT GCT* GAAAGCGAG CTTTTTGGECCTCTGTCG TTTCCTTTCTC TG TTTTTGICCGT GGAATGAA
CAATGGAAGTCCGAGCT CATCCCTAATAACTTCGTATAGCATACATTATACGAAGT TATATTCGAT GCGGCCGCAAG
GGGTTCACGTCACCGEET GT TEECAEGTGT CGGEECTGGECT TAACTAT CCGECATCAGAGCAGAT TGTACTGAGAGT
GCACCATATGCGGT GTGAAATACCGCACAGAT GCGT AAGGAGAAAAT ACCGCAT CAGECGCCAT TCGCCATTCAGEC
TGCGCAACT GI' TCEGAAGGECEAT CGGTGCEEECCT CT TCECTAT TACGCCAGCT GGOGAAAGGEEEGAT GTGCTGCA
AGGCCGATTAAGT TGGGT AACGCCAGEGT TTTCCCAGT CACGACGT TGT AAAACGACGECCAGT GAATTGTAATACGA
CTCACTATAGGGCGAAT TCGAGCT CGGTACCCH GGGGAT CCT CTAGAGT CGACCTGCAGGCATGCAAGCTTTGGT CA
CTTTTTCAATATCCTTTCATGATTAAATTCAGCAAAGT AGAGACAAGGEGGT TGTTTAATGTATGAAAGGGTATTTT
ATAAGAAGCCT TGAGCTAATATCATATTAAATGGT TAAAAACT TCACCCCTAAGAT TGAAAAT AAGGCAAGAATATC
TTTCTTAATATGICTGI TCAGCAT TGCCCT TGAGATCCTAACCAGCACAATAAT GCr AAGH AAAAAAGH AAACTGAT
TAGAAATGAATAATAATTATTGTCTTTATTTG AAGATGACATCATTGTGTAGGEE AAAAAAAT CCCAAAGAATCT™

ACCCAAAAAAAAG CTACTTGAGCTAATGT GTGAATTTATATGGT CAGT TTATAAACATTGT* AACAT* CAAAAAAA
TGAAGTACTTAGGGATATATTATGCAAAATACGTGCAAGAT TTGTATGCTGAAAACTAT* AAAACH ACTGGTAAGEG
T* AACTAAAACAGGACT TGAATAT CCGAGAGATACATCATGT TAATGGGT CAGAACACT CAGTATTGI TACTGGAGA
GATGTCATTTCTCTCCAGITTGATCTGTAGGT TAAATTCAGT TAGAGATCCTCAAAAAGTATCT TTACAT GAAAGGA
TTGATTGAATCTATAAT GGCAAAGGT GAAAAAGCAGAGCT TTTCGTAAAAGAAAGT GACAAACT GATTCTAAAATAA
TTTCAGAAAAATCTTTCAGCTCT G AAAGAAAATGAACATGTAAATCA* TATTTTATTTTGT TGCAATAGCTAATA*

TTTTTTCCCTCCCTCCCACCT* CCCTCCCr CATCCACACAATAGCTAATATTTATTGAGAATAATGT TATTTTAAAG
CATTTGITTGTATTAACTCATTTAATTCTTAAAACAATGCTATGAGCTATTAGTATTGT TCTCATTTACAACATGAT
GAAACT GAGGCACAGAAAAGT GACTAAGGCTGAAT TATAACCTAGECTGECTCTAGATTCTTTGCTCTGAACCACT G
CCTCAGGTTGCCTCTCTTTTTCATTTCTTTTCAGAGTACTAACGCTGAACT TCATATAG ACAAAACCTAAAGTCAG
TTACTGTTCOCATTGCTGTTTGT CTTGCTGTGT GEGTAT TAAGAGGEGEGTGGT TGTAAAATGGT TAGTAATCACATTT
ATCATATGGCAGI TGTCACCT TTAAGCAGATACTATTCATTAAATGTATCTTAAGAAAGGATTAAGATTGGGTCTAT
AATGEE* CAAAAGCA* TGTTTTTCATAGT TTACTTATATAATTAATTAGCATAAGTGATGTGATAACTATTTTCCAGA
C* AAAATCC* AT* GGATTATATGCC TTTTTAGATGT GATAGCCTACAAGT TAAGT CGACA* TTAAATTTTCAGAAT
TTCCAGECC ATAAAATTACTTTTTAGTATGI CATCAGAATCACATCT GG AACTTTTTAATTAAAAAACTACTCAT
TTGTATCCCTCTTCTCCATTTTGATTCATTGGEGCAAT TATAAATTAGAAAGCT CTGTAGGTAGT TCTGACATGCATC
TTAGI TGAGATCCACTAGT TAGT TTATGCGAGACAGT TGTATAGAGTATCTAAGATTTGGACCACT TCAAAAAAAAT*

CCAGACTATATGCTCATCAAG CTTAATAAAGGCAGGATTCTTAATTCTTATAAATGCCTATTAGT TCAATAGACAT
CTGITCTGAAATTCTTCTTTATCCAAGTACTTTTCCCTTTTCTTCTCTCTGTGTATTTATGCATATCTGTGCTTCTA
CCCATCTGT CAGTCAACT GT CTGGGATCAGT TGTGCCT CAGGTCTGAAATTCTGTGATTAACTATGT CCACAACTAC
TCTGCTTGGT* COCCCTTACACAAATAGACTTTAAAGT TACTGTGAAACAGT TTCTAAAATTATTTGAATATTACAT
TTAGGTATATCCTGACTCACTTTGTGT TAAAGT TTAATTGAAGI TCTAGGGT TTTCAGAAGTAACCTGAATGT TGCT
GGTTTGCAGATGAGAAGTATAAAGAT CCTTGT TGTATTAGACT GACCAAGAGT AACAGAATAGCTTTAAAAGT AAAA
TTACCAGI GCTGCCTCTCTTAAGAACCACACGAAATTTGAACTGAGAAGACTTAGAGATTATTTAGTGTGGGTTGT T
ATTTTCCAAGAAGT TAATCT CAGAGAGGAGCGAT TGACT TGCCCAGGATAGT GTAACTAATCAGGT TATGGGTAAATA
AATATAAAACTCAAATAATTATATGGTTTTT* * AAAAAGG CAGTTGAACTTTTTTC TTTTTAC AGTATGAAATT
AG* AATT* ACAATAAA* TATTTTTATTATCTGAGICTTTAG TAAAAATTTATACATGI TAG TTTATAGITATTAT
TAGITT* CTTTTAAAATAATATTGTCATAGTTT* AAAA* GGAAGAAGATA* TTTATCCCAGI TTCTTAGAGT TGCAA
AAGAAGCGT CTGCCATCAGI TGACTGTGGTAAACTCCT TGTATAAATTCCCTTTATGT TAGT GCAGTGCAACTTCTG
TTTTGI CGGTGAGAAAT AGGAAGCT TACAGGAAGT GTAGTCAGT CTATAGATAGGTATACGGTCATTTTCCTTCCT T
TGCTTATTGTAGAGATTATAAACT* ATAAAGITTTTTTTTTC ATTCAGI TGATTGG AAAATAATTGAGCAGATTA
TTCTTTAGTGCCATTTTTTTTAAG TTCCF TCATTCTTGIGT TGCATCAATGATACATCTTTAATAAACTTCTTTTG
TTTGTTTTTTCTTTGAT GAATGI CAGT TAAAGAGAAGT TGACTGCAGATCCAGACAGT GAAATAGCTACAACCAGCC
TGAGGGTTTCTCTACTATGI CCAGTAAGI GCTAACTAATATTTGCTCTCCAGGAGGT TTAATACACA* TTTTCHTTT
TTTTATTAAGTATTTCTAGTATTTAACAAATTCTGT TACCT TGAAACATACCCACTTGT TAAGAGI TTATG AAAAG
TAAAAGATATTATGTAGT CTTAGGAT TTGAAATGTAAACAAGT TTATGTCTATAAAATTTTTCTACTCTTAGI TATA
TTTAAATATTGATTATGGTTATCAGATGACTGT CTCTCAGACTTAAGT GTAAAATCTCCAAATGAGGCATGI TTATC
ATTTCAATGTATTTATTGAAATTTCATTTTATTAAATAGTATGCT TCTGAATAAAAAT* CTGGCCATGATTACTCAT
ACATTTAACTCAACCACTTTG TCAGCAATGACTATAACAAGAATTTAAAACTATTATTTAATAATAATTGAATAAT
TATTGAATTATTACTGAATAATTGAATTGGTATGCATATAAAAAT* CAACTAGACATA* TTTTTAAACCAGAAAATG
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AGATCAGTTTCATTCATTTGTATAAAAT* AAATAT AATGOCTAAGTGAAAACT GGTAGT GAATGTTTCCH AAAAAT
GOGTTG TTAAGGTTTG: CTTTTTAACH TAATTTGATAT TAGGT CTACCAGTAGTAGGAATGGTAGT TGAATGATGC
TTTCATACAAAGATACGT* GAAAAACT AAAAGT AAGTTACATTTTGATTGCCTTTTGTAATCATATTTAAA* TTGGG
GAGAAAATATGAAAAAT AAGAGGACT CAGCTAT TTCCTCAT TTGCTGGGAT TGT TCAGGCAAGT CTGATATTGAAGG
CTTTTAATACTGAAATCC* TACTAATCTAAGATTAATTTATTCTT* AAACAAAAATTGTTTTATTTGTCTTATATCT
TAGTCTCTTATAATTTAT* AAACCTCAACACAAGT GTGAAAAAT ACACCT CAACACAAAAAGT AATGAAAAAGTCTG
TAGCTCAAGAATTAGTTTAT GCATATGTTGCAT AGACT TAAAAAAAAACT TTAGT TAAGAGAAT TTCTCTTCACTAT
TAAGCATCT GTAAAAAAAAT ACAGT GAAAT TAAGAAAACCACCAAACCTATTATTTTATATATAACCTTCTATCTTT
TT

>NCL_C4
GCCCAGRCAGCAGCGOGGCCCAGERAGERCT GAGACGCAGAGGT GACCGAAT GCOGCAGGAGEGECAGECCTGCGACC
CAGOCCGGGCAGEGRAGGAGGGOGGET CAGGGCCGOCCOCGAGGOCCCAGROGOCGACCCT GRBCCGAGAGGAT CTCCA
T GGOGGEOCGCGOCCOGGEECCT CAGGCOGGACCTCT OCT TCCTGOGGGCT GOGACAGRCGOGT GOCCGAGCT ACGGG
TCGOCGH GT GAAAT COCCACAGGGOCGOGCECGCCCOGGAGCECGAAGGACGECOGCGT TTCACCCGRCCOGROCCG
GCAGGCCT AGGGOCT GAACT GOCT CGT OCT CCCACCAECECCOGCOGCOCT COCCAGGAAACCCECAGGRCCCTAGCC
CACTGGAGCTCAGAAACGCCAGACGCAGT CGAAGGT TTCAGAGGT CCACGCCT GEGAAGGOCCT OGGAGCGAGEERG
AACGCT GCGECGCCAGCAGCCCT TGGGCT CGRGACAGEGAGGAAGRCGAGCCT CTGCAGACT GGGCCGAGA* GAGGG
AGGGT GOGACCAGGGGACGGT TAAGT GAGGTGTCT CTT CCAAAGCCT ACCGGCT GGCAAACAAGGCCCAATGAAGAA
AGGTTCTGCTACTCGAAGGCGRCCOGT ACCCAGT T CAGCOCT GATGT COGCAT TGCCCT TGCT GCTCGGAGCT TCCA
ACTOGTOCCCAT TAGGCCCT ACGGGT COCTAGCCT GAGAGT GGTACAGAGT GAGACCACT GAACOGT CACH TACCGG
GGGGT GAGGAGGE0GCGACT CCAGGACCCT TOCCH TTTTTGCCAT AGACCT TATGGGACCCTTCACCCGAT TGGAGECC
CGGEGAGGCGAGRACGCGGACCT GRCAGGGT CCACT TTGAGACCAGGEGCT GTGT CT COGAGT CCTAGAAATAAGGGA
GGACT TCOGGGT GTCGECACGAGGCT T TGAGAAGGGACT GGAAGT COGGOCT GT CCT COCT GGAGAGGAGGAT GAAGT
GTGTGAGCAGGGAACAAAAGAGGGCT CACCCT GAGACGGAAGGCAAGGGECT GT GTTCOCACAGACCAGGACT CTAAT
CCTGAGCCT GATGGAGCCTTCCAT CAGGAGAAACCT CAGGGAGT TTTCTCCCATAT CTCACAAGAT TGTTAGGATTT
GAAAAGAGCAT TCATOCAACGAAT TTTAGAGGT CTGCTGTGT GCCAGGCT CTGCTTGACT CTAGGGATTCOGTGATA
GACCAGAT GAACACAGT GOCT CTTCAGGGACT TTGT TGT TGT GGAGAAAACTGACAATAAAATAAACAAATAATAGG
CAAGACTGGTTGAGTTTATATCACTATGATTTTG CTGTGAAGCAAGT GAAATAGAGT GATGGT GGGGT* GATGCTA
ATTCACTGCGT GTGGTGGGATAAGACCTCCAT GACAGGT AAGGAGAAGGGGTA* TTTTAGGCAGAGGGAACAGTCTT
GGTGAGTTCAGAAACH AAAGGTAAGAGT GGCT TCAGCAGAGT AGGOCATAGGAGAGCGACAGGAGAT GAAAGCTGGG
TGCAGCTCTTGT TAGGGCCCAAT TACCCTTCT TCT CAAATCTGAT GGGGGCAT TTGAGTAGT TTTAAACAGAAAAGT
GACAAGATATGGTTTATATTCTTTAAAAGATCAGT CTCTAGT AGGCAAGAGGECAAGGCAGGAAGGECCACT TAAGAGG
AAAGGT TTGGGACT AGGATGGTAGGAGT GGAGGT GATGAAGCOGGT GGAGCAGT CACAAAAAGT CCAAGT TCATTAT
GGAGGT CACTCCCTCCATACACACACH AAAGGATAGTAT CTACACCACOGCOCCTAAAACGCAAAGGACAATATCTA
ACATATAGGAAGAGAAAATACAT TTAT TTCGT COCAAGGGACCAGGCT GGGCT CAGT TCACATAAATTATTGCATGT
GAACCCCACTATTCCAAT CCTGGT TTAAAGGCCTCATCTCAGTTGCAGAGCTATTGCH * T* GGGGAGT TTGAG CCAC
TGCAGCACAACH TTTACCTA* TTTTCAGATCTCTA* TACH * TTTTTTTTCCCATAT TAGACAAAAACAACATTGGAA
ATCAGAGCTGAAGATAGGGT TCTACTAGTAAAGTCT CT GAAGAAGCT GGT GGAAAAGAAGAGGAAGCTGGTTGTTTT
C* ATTCTGGGGCTTCAAGAT TGGAAAAAAT TCCAGT TCT TGACAGGCT GACCCAGGCH TTTTTGGECCTCT GGGOCAA
ATGTGGAGT GT GAGACCT* GGAGGCT COCT TCCAGCTGATTTCAT TCCCAGGCTCTGTATAGAAATACCAGACTCCT
CCTATTGGCACCOCCTCTCTCTGTCTCOCT CCCTTCTTCOCT CTCTGT GTAGCCCT TTTCOCTGCATCATTCTTTTC
AAACTC* AACTTTTTGAAGGTGATTTAGATTCTTCCCTTTGGT T TCATTTTCTGAAGGAGACATGATTCATCCAACT
ATATATTCATTGCTGAATCAGAAACT TTCTTCTTCCTCTTCTTGTCTTTT TGAGAT GAAGTAGGGT TCTTCCTTGGA
AAAGGAAAT GGCAACOCACT CCAGT GT TCT TGCCT GRAGAAT CCCAGGGACAGGAGAGCCTGGT GGGCTGOCATCTC
TGGEGTOGCACAGAGT CGGACAT GACT GAAGCGACT TAGCAGCAGCAGCAGGGT TCTTCCTGGT GCTAACACCTCAC
TTTGGTGGTATATCTGGATGAGT GCTAGGAGGGGT GACT AAACCGAGAGT CACGAGAAGGGCT CAGAACT TGCACTT
TAGGGCCT CCACOCCGAGAT GAGAATATCCTT CTGCTCCAGCAGCCCAAGGT CAGGA* GCCTT* CTTTGTTTATCAC
CATTGCCTAGTATAAAGT TCT GGGCT CGCT GGGT TGOCCAATAGCCAT TAACT GACT GGAGGCTATTTGGTTGOCTA
TA* TTTACCTGGGCT TGGAGGAT GATGT TTCT GTGGTCAGGT TGT GCAAAT TGGAGAGAAGAT GTATAAACACAGCA
AGGCTGTTTTTCCAAAGGOCAGT GOCCAGAAATAGCTCCTTGTTTTTCTGACCTATTCCCTTCCACT TTGACAGAAA
ACCACTGAGCAAAT GATCAGTAAT AAAATATAACT GAAAACAGT TGT ATCCAGATGGGAGAT TGATTTGCTAATGAC
AGCAAATTGCAGCCT TCTACCTGGACAAAAGACAGGACCAACCT CCAGCGCTTTGCT TTCTGGGGAT TGGAGGTGAC
CTGTGAGT GGAATTAGCT GTACT TTCCATAGGAACATTCAT TTTTCCAAGCCAGGT GAGCOCAGOCT GCAGCTCCAA
GTCAGTGGTGTTTCTCAGATTTTGTTTAAAGCGCH ATTCAAAAT GTCGTTTTTCAAGCACCAGTAAAGATACH TTGT
TTTOGTOCTATAAGT CTCOCACATACT CTAAT GGAAGAGGATGACT T TGGGTAT TGAAGAGAT CTGGGT TGGACTGC
CTTCTCTGTACATTAGCCAT GACCTTGEGCAAGT TTCTGCACTGT ACAAT GGAGGT AATCCTTTAT TTGTAGGGCCA
GTGTGATGCTGATAAGCAAGCTCCTTCACCCACOCT CATCOCT GT GAAGTAGOGCCCGTCAGTACTTGTTTCTCTTCT
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CCCTAGCTCCCACCCTGGTCATACTTCTATTGTGCCATTAACT TGI TCAGGAAAGGGCT TCCGGGACTTCCCTGGAA
GICTAGTGGTTTAGACACT GCACT CCCAT GACAGCA* GAGGGCACAGGGT CCATCCCTGGTCACGGACCTAAGATCC
TGCATGCTGTGI GGCAT* * GGCCAAAAAA* AGAAGAAGGAATTTCC AGCCCA* TCTGCATTTTTCC TACAGGCAT
GTI'GTCTGT GTCTGGACACAT GGAGAGCCCATAT GCAAGGEECTAGGGAGH AAGGAAATGGCAACCCACTCCAGTGT T
CTTACCTGGAGAAT CCCAGGGAT GEEGEGEAGCCT GGT GGGCT GOCATCTAAGGAGT CGCACAGAGT TGGACACGACT G
AAGCGACT TAGCAGCAGCAGCAACAGCAGGGAGAGT AATTGACAAGAAGT TGGAAAGT CCAACAGAACCACCAAAGA
AAGATGTCAGAAAT CAAT GACAAGCAAGAAACCACT GATGACCAGT CTCTATTAGCCCATTTTCAGAGGAAAATGT T
GACCCACTGECCTTTGICTCCTTGICCTCT CT CTCCCAGCCT TCCOCGAAAAGCAGATACAAAATTGTCAAAGACCT
AAT GT GGAGGAGAGAGGGCAGCT GGT CTGT GT CATTTCCCAACCCAGT TCACCCCT GCTGGT GTAAGT TTACCAGGA
ATGTAGACT GAAAT AGGEGECT TCCCT GGT GCCT GCAAT GTGAGAGAT CCAGGT TCAATCCCT GGGTAAGCAAGATTC
CCTGGAAAAGGCAAT GGCAACCCACT CTAGTAT TCTGCCTAGAAAAT TCCACT GGTAGAGT GAGCT TGECAGGCTAC
AGT CCGT GGEECTGCAAAGAGT AAGACAGGACGGAGAGACT TGACACTACT GCTACAGACTGCAGT GRAAACAAGT C
TTCTTTCTTCTAACCTCATTCCT COCTGCGATAGTGGTACCT CCCAGT CAGGTACCCT GGGAT TATAACAAATAACAA
TGGTGAGCTCATCCTCCGTGCTTACTGTTTGCCAGGTATCACAGT AAATACCATGT GCAGATTAGCATGT TAAAGT T
GI'GCAAGCCTCT GAGEECCAGECCACTGT TATCATCCT CAT TCT TCAGGT GAAGAAACT GAGACTGCGATATTGT GT
AACTTGCTCATGEECTCGTAACTAGAGTGT GGTAGAAT GTCAGGATTTGGATGT CAGCTGF TTTGATCCCCA* CCCC
CTGACCCTGCTACCACCCTTCTGT TCCCTCTTTATCCCCACT CTGAGT GECTCTCATCCCACCTGI TCTCTGCAGCT
AGGATCTCAGCTAGAGGT CCCCAAGCCTCTCTATGGTCCTGATCAAT TTGCCT GAGCCT AGGT GCCAATGAATTAAT
CTGATCATCCATTCTTTGCTAAT* CCGGGAAT GCTACCAGAAACT CT TCCCCACCT GBGCCACCCCCCATACACCCTG
GACATTCCTCACTCCTGCCAAGAACACAGGTCCATTTCCAAAGCAAGT CCTGTCTCATCTTAGAGACCATCTTTGT T
TGCATC* TTTGTTTACCACTTTATACCTTTCCTGGGACCCT TATCTCT TTCGAATGATAACT CATGTCTGTCTAGCA
CTTAATGGTCTACACCACTTTCCAATTTGCTTAGCCCAGCCCOCACT TCCTAGGECTTCTTAACCATTTTCTGTAGCC
CAGGT GACAAGAGAGCATGCACT TTAGCAT CCAAGGT CCACCACT TGCTAGACAAGT TACTGATTGACT TCTTCACT
CCATTTTCTTATTGT GAAAT GCGAGAATAATAGT GCTTGT TTCT CGTI TGI GAGGGT TGAATGAAGT AAACACAGAGA
GACACATAG" AAAAACACACCAACACACATACACACACACCAAGTAACTCATTAAGTGI TGECTGITGI TATCATTA
TTTCATTGAAT CCCCAAACCCTGT GGGGAAAAAAT CAAAGCAAAT CAGT TCTTGTCACCAGT TTAACTCAGCTCTCT
AAGCTCTCTGCTAGCTCTGI CAAGCT CTGATTCTACCGT GAATCACGGT TATTTATGGACACAACTTAGTTCTATGA
TGTAGCTACTCT GAAGGCCCAGCCCT TAT CAGAGGEGCCT TGTATATAGGAGECT GT COCGOCAGGT TGGGAGT TAGC
ATGTAACAATAGI CCCTACCT CAT CCAGGCGGT GGGAGGAACTAATGAGAAAT TTCTGTAATATGCTTTTTAGTATA
GI'GCCTGGECACTGAGTAAGCCTCCTAATAAACCAGAGTCACTATTGI TCCATCT TACAGT GAGGCTCCCAAACATGT T
CCTTAAAAAC ATAGACT CTGCAACCATACTGTCTGEGT TCAACTTAGTGCTAATTCTATTAGACTCTAAGT TAATT
AACCACCT GBECCTCAGT TTCCTCATCTGT AAGAT GGACATAATAACACCATGT GCCTAAATGAGGT TGT TCCATAG
ATCAAATGAGT TAATATAATAAACACACT TAGATGT GT GCCTGI CACATGT TGGTATATGTAAGAGCTTTTCGTCAC
CATTTATAGAT GAGGAGACCCAGGCT CAGAGACAT CAAGCAGTAGT GGAGCTGGGATCCAAAT CTAACT GAGECTGT
CTGAGACCAGAGCCTCACTCTTACTATTAGGATATGI TGCT GOCCCAGATGATCCATGTATATTTTAACAGGAGCCT
TCTCCT Gl GGT GGAGAT GTCAAGAGT GGAGGAGAGT AAGCT GGCACCAGAGAT CTCT GEGGT AAGCGAGATCACAGG
ATGCCCTCAAGT CAAGCCATAGAGGTGCTTTTCCTCACCT GTGT CTGECCATATGATTTTAGCGT TCTATCAAGTC
TCAGACCCAGAAGGCCT* AAAAAT GGCACCACCCAT GCAGACCT CTGACCCGGAAT CTGCAGCAAAACTCTCATTAT
TGCACACT GATGTCACACTCAAAG ATGCGCTCCTGACT TTTAACACAAAGAGGCCCTAGCCTTGAGSCATTTTCCA
TTTCTGAGGCATGATTCAGCCTAGGAGACAAGACCAGACAGACT TGT TCCAGAGGAAGGAGECCTGGGT GECGEATA
GAGAGGCGAGAAGAAAAACAAACAGGECTTAGAGCT GAGCAAGT CTCACAGCTGCTGEECT GCAGEEEGATGGAGCAG
AAGCGAACAGAGEGAGCCT GCCT GCAGAGAACGEEGOGCCCACT GACCAATTTATCT TTCCT GAAGT CAAATGCAT T
GATTTAAATAGAAATCCAGCCTATCCT TCTAAAGCCCCAG AAAAACACT AAT* AACATTTCACAACTGTGAAGCAC
AATATGATTGCCAAAGCATTCCACATAAGTAAGCTCAATTTTAGCTCCTTGI TAAAATAATTTGIGTCTCTTATTAC
CAAGCATCAAGT GCTTATTGAGGAATACTAGGAAATGI TTTTTAAATGTAAATCTTAAAATGT CAAGTATGAATATA
CTGCACCACTAGTAATAATATTTTCAGTAAATTTCTAACTACF TTTTTTCCG AGCCTATGIACATACAGCGGTCAT
TTAAACAAAATTGAGAAGTACTACAGTAG TTTTTTTCTTTTTTTAA* TTTATTCAATCATGCCAT GTGCCATGIGA
GACCTTACCAGATCT GATCCCACAGACCAGAGATCAAACCCATGCCCCTTGCACTGGAAACACAGI CTTAACCACTG
GACTGT CAGCGAAATCCCCAGAAACCT TTAGATCTTTTCTTTCT CATGTAACGT AAAATCACGGCGA* TTTTCTAAT
GGTGCCAAACGT TTAGCT GTAACAAT TCGT AATGACCCCATTTATCAATATAGACGT GCCACGT TTGCTGTAGCCAC
ACCCTAATTCCTGGACATTCCAGATATTTACAAAAGT TGAACTCT TTAAATAACACT GCTGT GAACATCTGI TTACT
TACATTTTTGICTATATATCTGATTATGICCTAATAGTAAATTTCTAGTAATGAAATTACTAACTTCAAGAATTTTA
ATATTTTTGAGTACATATAGCCAAATTACTCTTGAGAAAAATGTATTCAGTI TTACCCTCTGACCAGCACCGTGTGAC
AATTACCTCTCACT CTCTGAT TGAGCCAGT GAGT TAGGT AACAAGCATCTCATGT TACAAAT GT GGAAGACT GCGAT
TCATACAACTGAAAGTCAAACTCTAGT GCCCTGGATTTGGT GOCAGSGATCTTCCCACT COGCCTTCTAGACAAGAC
AAACTCTGAAAAAGATTTTCCTGAGT AATGGAGT TGTAGAAAATTTTATTTTTATATTCTC ATTTA* TTGGT* GAA
AATTTTTTTTTAAA* TCTTCAGITTCTTGACCT TATTTGIGCCATGGGCCCCT TTGGCAGCCTAGT TAAACCCCT* G
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GGGCTTCCCTGGECGGT TCACT TCTAAT GCAGGEGEECAAGEGT TTGAT CCCT GGT CAAGGAACCAAGATTTCACATGC
CGCAGGGECACAGCCAAAGAGAAACAAAGE AAAAAGCCTACCAGCCCCTTCTCAGAGTAATGTATGTATATGCATTT
AA* CCCAGTTATATTAAATAT AAAAGCAAAAT GGT GATGGAGTAATCCTCCTTTATGTGCTCCTTCTAGAACTACAT
GGAAGGAGAGGT AGCCCATCAGECGT CCTGAGTGT TCCTGI TCATTCTAGCTGAGT TTGCTCT TGGGATATCAGCAG
CTTCAGTAGCGGGACACT TAGACAGCCAGAGTAGCT TATTCCCTGCTTTCTCAAGAACTGCTGGEGCCTTGGTTCTCAG
TTCTTATGTAAC* ATAACTTACTACCT GT'GCT CCAGT CACCT GECCCT CTACAT TGCGCCGT GGGAATTAGCCCT GA
GGGAAACT GCACAGACAT GCTGACACCCT CCCTACCCCTTTTAATATGAATAATGAAGT CTTACATCTGGGATCTAC
ACGITTTGI GICTTCAGT CCT TATCCAGGAAACT GT AGCAAGCT GECT GAGCT CATAGGGAGGGTAAAGT CTGAACA
CCTTCACAATTCTGACCCTACCATTCATTTCAAAGCAGAGT CGAGTGTAAATGATAT GT CGAGGT GTATGCAACAGC
TAGAAAGCAGATCAAGAATACGT GTAG TTTTTTACTGGTACAAAAGT CACTGTAGTTTATTGTATACATTCAGCTA
AAGGT TTCGGAAAATGTCAGGTTTTTTTTTTTTTTTCCTCATTCAAGT TCACAGA* TTTTTAGGAGAACTCTTGSECT
GCTGCCAACACCTCAAAAGAAGACCAG AAAATCCT GT TGATCAAGCAAAGCAAGT CTAAGT TAATTTGATATTTAC
TGCAATAAGGGAGAGTAACACCT TGAAAGAGACT TGGTATAGT TACTAAGAGGAT TTCAAGAAAGGGTGT TTACAGG
GI GTGGAGGCCTAGGECTCAAGTGGT TTAAGGT* GGTTTTTC AAAGCAAGAAACTGATGGEGATTGEECACAGI TTA
TGACATTTAAGATAGCT TGGEGAT T TGCAGACACAGAGAAGCAGAGGT CTAGAAGCAAGT CTCCTTAAATAAACTTGCG
TCATATATGTGAGCT CTTGGCCT GTGT GAGCGGTCTGI'GGT CCTGACAGT CATCTGT CCTGT CCTAGATGAGGAAAC
TATTTGCCCAGATAAATTCATTTCTTAAAGCAAATAATTAATCTACT TATCCT CCTGCATAAGAAT TTCCCT GEGAT
TTCCCTGSET GGT CCAGT GGT TAAGCCT CAGTCCTTCCACH AGCAGGAGECACAGGATCAGTCCCTGGTCAGGTAAGC
TAAGAT TCTGCATACAGT GCAGCACAGCGGGEEGAAAAAAY * AAAAAAAAAAAAAAAACK * AAACAAGAATTT* CCTG
*ATTTTTGAATTCAGTGATTTTCTAAATCCTTCAT GCTGT GT TAGAACTGGAAGAAATATTCCA* TTTGGAGT TAGA
ATTGGAAGAGGATCATCT AATGGAGAAAT CTT* GGEGGT TTGGAAT CAGAAAAGCT TGCCTTTTAATCCCTGATCGAT
CAATCACTACTGECATTGICATTCTTTTCATCATTTCCTTCATCAAAGAAATATGTATTAACCTCCTATGATGEGT T
CTAATAAATTGT CTAAGT TCTTGGAAGCTCAGT TTCCTCTTCAGTAAAATAAAAAT TAAAGT AAAAAAAT* AAAT* A
TAAAAAAGH AACTT* CCT* GGAGCAGT TGAGT CAT GT TGACACGGGT GGTCTCAGI TCTTACTTGATAAATCGTGIC
CAAGT CTTTGCGACCCCATGGAT CATACAGT CCATGEAAT TCTCCAGGOCAGAATACTGGAGTGEGTAGCCTTTTCC
TGCTCCAGAGGATCT TCCCAACT CAGGGAT GGAAGCCAGGT CTCCOGCAT TACAGCGEEGA* TTCTTTATCAGCTGAG
CCACAAGGGAAT* CCCCCCT GGATAAGACCAGCTTCTTAACT GAAAT* * CCCCTTTCTCATGGAAGT GGAGGECCTAT
TTTTGCCTGTCTGCCCTTTCCATACTGTGAGI TCACTGT GGGT* GAEGECCAAGT TTTAAACT CCTAGAT GTAGGAT
TCATTTGITTTCTCTATGITT* ACCAAAAAA* A* AAAAACAAAACAACCCACACAATACCTT

>NCL_C5

GGAAAATAAATATATTATTAAAATTACTTTCATCTGITCTTTTTTACC TTTTTATTGGACACTAGAACATTT* AAA
ATTACATAATGTGECTCACATTTTATTTCTAT TGGGCAACACTGCTTTAGATGTCACAATACTTGTGGTCCCTACT T
ACCAGGEECCEECT TCAT GEGT GT GTAGCCAGCGCAGT GGAACAGGEECGT CCCATAGTGCEAAGT GCOGTGCATTTC
ACTTAATGCTCTGCCGECACTGCCTTGATAACCTTAAT TGT GCCTCACGT GCCGTCACT TCAGT CGT TTCTGACCCT
TAGTGACCCTGT AGCCT GTCAGCGCTCGGT CCTTGCGAT TCTCTAGACAAGAATACT GGACT GCCTTGCGTCCGATG
CCCTCCTCTAACTGTATCTTAGAATTTACATTTCAGAAGGAAAT CTCCTAGAACAAT GCGAGCACGCGCCAGGECTA
GAAGCCCT GGTI TCCTACECCATCCTGCCT TCCGOEECCT CCGTGT CCCTGECCCTGCTGCCCCCT TCCGACCCOEEC
TGGGT TCTGEECECAEECT G GAGACGEEECEEEECTATAACT GTGECCAT CCCT TCCOCT GCCT GECTGCCCAGEGT
CACCCACT CACCT GGGT CCAGCEGECGAGAGCT TGACCGACGCTAAGGT CTCCGTACCGT TEGGAGT CACTTGTCTGC
CCCCGAT GT GEECEECEAGCCCT GGEGAAGGAGAGACACCT GECCT GAAGT CACTAGACT TOGECCCEECGAGEEOECG
GCGOCGOEGTCAGCACCT GGCAGGAGCTGGACCCAGCAGCCCEECECCECCT TCT TTGCTGCCT GCCT GOGGRAGG
GATGCGCCCTGCAGGECCGT CCTGGAGAGAGAGT GT CCGCT TECCOCT GT AGCGOCGOGTACT CCGECTCTGAGCTT
GCGEEGTCGATTGEGAGGACTCCTTTCCTCTTTCTAATCTTCCTCTGICTTTCTAGCGI TTCGCCTCTTCTGGACAGT T
CAAGACACCCCT GEEECAAATCATAACTCACAAATCGTGTGATTTCTGTATTGTGTAATTCCGT GT GTGAATACTAT
GATATTTGTATTTAAAACT GGCAT TGCACAGT AGAAAGGT GAAAGGTAAAACT CATGTTAATAATTATAACT TTAAA
TTGTAATTTACTTTATATATTTAAATTAAAATTTT TAATTGT GGCAAAATACCCAACACAGAATTTACCATCTTAAT
CATTTTAA* TCAGCTCAGTAGCTTC* AAGAATGTACAT TGCTGI GCAACCH AATATATCCATGT TGCAGTGTGIGTC
AGAAATTTGCTTCCTTGT TAAGACTAAAT* AATATTCCATTGTATGI GTATACCAAA* TTTTATTTATCCACTCATC
CAGCr AATAGGCATTTGGEGE TTGCTTCCACTTTTTGCCGT TGTAAATAATCCTCCTATTAATTTTTCTGCATAAGTA
TCTCTTTACCTTTG TTTTTG CT* * AAAAT* AAACK AAGACTGTCTTTTG TTTATTTAGACTTGGTACATACATC
* ACTTTGCATACTTGOGAGT GTATTTGTAGGATAAGT TCCT GAAAGT AAAATCATTGTGTCAAAGGAAATGT GCCT T
TTATGATTTGI TAAATACTGT TAAATTGCT G CCGCAGATGT TGTACCATTTTTCACAGCTTCACCAACTCTGTATG
TTTTCAGAATTTTTGATCTTTCACAATGT GCTAGATTGAAAATTTTCCATTAATAAGAAT GAACAGAAACATGTGAA
ATATGTTTAAACCCATGAGT TTGTAGTAATACAATAAACT TCCCCTGAAACCCAAAATGT TTACTTTTGGAGGATAC
AGAAAGT GAAGAGE AACTAAAAAAACCT CTTAAT GAAAGT GAAAGAGGAGAGT GF AAAAGGT TGECTTAAAGCTCA
ATATTCCAAAAAACGAAGAT CATGBCATCCGGT CCCAT CACT TCATGGGAAAT AGAT* GGEGAAACAGT GGAAAACG
TGTCAGACTTTATTTTTT* GGGECTCCAAAAT CACT GCAGAT GGT GACTGCAGCCAT GAAATGAAAAGATCCTTACT
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CCTTGGAAGAAAAGT TATGACCAACCTAGATAGCATAT TCAAAAGCAGAGACAT TACT T TGCCAACTAAGGT COGTC
TAGTCAAGGCTATGGTTTTTCCAGTGGTCATGT AT GGAT GT GAGAGT TGGACT GTGAAGAAGGCAGAGCGCCGAAGA
ATTGATGCTTTTGAACT GTGGTGT TGGAGAAGACT CTTGAGAGT GOCT TGGACT GCAAGGAGAT CCAACCAGT CCAT
TCTGAAGGAGAT CAGOCCOGGGAT TTCTTTGGAAGGAATGATGH CTAAAGH CTGAAACT CCAGTACTTGGGCCACCT
CATGCGAAGAGT TGACT CAT TGGAAAAGACT CT GAT GCT GGGAGGGACTAGGGGECAGGAGAAAAGGEGATGACAGA
GGATGAGAT GGCTGGAT GBCATCACCAACT CCATGGACATGAGT CTGACT GAACT CCAGGAGAT GGT GATGGACAGG
GAGACCTGGOGT GCTGT GATTCAT GGGGT CACAAAGAGT CGGACAT GACT GAGCGACTAAACT GAACTGAACT GAAC
TGAGGGAAACAATTCATTAT TTTGAAACCAACAAAT GAAAACAAAAAGAAAGAAT CAAGAAT GACGT GCCTTGTCTA
TGTAAACT GTATGCCAGGAT AGCT AACTAGTGACCCAGAGGAAGTATCTGT TTAT* AAAAAAATATTCTCATGCAAG
CACT* AAGG AAATTAAAGGCAA* CAATCATCAAT TGT TACAAAGAGA* TGAAGATAAAT GAGAAAGAGATGACTAG
ACATCCATCTATGCT TTATAACAGGAGACCACCAT GCTACCTCTCAA* CTGTTCTTGCCTAAACATTCH AAACCTGA
ATCTGATCAAGT CATCAGAT TTAACT GOCAACAAGT TACAGAAAATACAGGGATAGGAAGAATATGT TAACATATCA
AGGAGATGCAACCAGCAAAAT TCAGACTGTAGGAAACT CTACAGAAAAAGT GATAATTTCTTCAATGAATAAATTAA
ACAAAGAAAAAGGAAAAAAGGAGAGGAGGGATAGGAAAT CTCTAAAT TAAATGT AAGGT AGAT AGCAACAAAAT* GC
AATATATGGGT CC* TATTCAGAGCCT GTTTCAAAT* GAAAAAAACAT GTTCTATCAT TTACGAGGCAGT TGGGAATG
TGAACCCTGATT* GGATATTTAATGATG TTCAGGAATTAATTGT TGATTTTAAGATATTATGCTATTATGTTGTTT
TAGAATATGATATTTTAGATAATATGGGACAT TTTTTTTCAGAT TTAAAGAAGT CTTATATTTTAAAGCCATATACT
AAAATAATTGTTGAT GAAAT GATAACAATGTCTGAGAT TTGGH TTCAAGATAATACAAT GAGAATGT GTGTGGGATG
GGGTA* TGGACGAACCAT GATTGATTATGAGCT TATGATOGCTGAAT GATTCATACTCTACAATTCTCTCTTTTATG
TTTGAAATTTT* CC* AAAT* AAAAAAGT T* CAT TAAAAAAAAAAAAGT * CAAT TGGGTCCCAAAGT GTCGAACACAA
CTGATCAACTGAACT GAACT GAATCAGH AAACAAT GAGTGCAAATAGCH * TCTTTTTTTTGAA* TTTTGATGT* AAA
AAGG AAAAACAAAT CAACAGCT ATAAGGGTCAACAGAA* GGGTATT* ACCAAAAAA* AAAACAACATAYCCT* TAA
TTATTCAGTTCTTACATATAT GGAAAAGT GTACAGCACAAGGACT CCT CACTAAGT AAAGCCCCOGTATATTAAAAG
AGGTATTTGAGT

>NCL_C6
GAGEGGOGGAGGEEGECERAGEGECGEEAGEEGCGGAGEEGECERAGEERECGEAGEEGECEGAGERGCGEAGEGAGEGOGCA
CGGOGCAGGACCTCCTCGAGCTGRGAT CT GCT GOGCTCCOGCGT GTGGOCCERGRRCAGGAAT CTGCCTAGACT OCCC
GAAACCTGTATAGT AGT CAAGGGT GGGCT AGGGACGT GGEGAAAGGCCAGT TCGACCTAAATACTCT CTTGGGAAGG
AGCOGAGACTGGAT TTCCCT TGT CCT TGOGGACCT GAAGGCT TTGGGGGA* GGGECT CATGTCCCTTOCAGCTGTGT
TAGOCACCT TCCTCAGAT GGAAGCTGCTGCTGCTGCTGCTGCTGCTGCTGCTGCTGCTAAGT CGCTTCAGTTGTGTC
CGACT CTGT GCGACCOCATAGTCGGCAGCCCACAA* GRCTCCOCH AGT TCCTGGGAT TCTCCAGGCAAGAACACTGG
AGTAGCTAGCACTCCTTAAAATGT CAGCT CTGT GGCCT T TGACGCTGGGAATTAAAAACCAGT GAGATAAGGGTAGC
ACGOGT GAAAGAGCGAATTCTTTTCAAGATTCCCATTCTGECTTTGT CACT CTCTTGGACTCTGTGGCTTCATAAAA
GTTACTTCCCTTCTCTTCCATTCAAACAT GTACTATAACTCCTGAGCAGT TOCT CATCT TCGAGACT GGATGACCAG
TACCCAGGAAGACT TAGGTGGGGACGAAACGGAGCAGGATCT TCTGGT CCT T+ COCCOCGACCCOCCT* COCCCCCA
A* CACACACACCGTATCTTCTGCCTGCCTCTGACCT GTGGAAAACT* GTAGTCTAAAACGAGT TTAATCACAGAAGT
GAGAAATGCTGAAACH AAAGGAAAACCGT* CAAAAGAGACCAGAT AATGT TCT CATTAAGOGTAGT CAAGGACCTTT
AATTTCTTCTACAGGGCTATAGATAATGT TTGGAGCCATATTCTGTGAGCTGTCTTATAGATACTAAAACAGAGGTG
GAGAGGTTAACTACGTGATGACCAGGCTGAACCCAGGACGT GAGCTGCCACAAT TCCGAGAACT GACCACAAAGAAA
TGGGAACAAAT GGACCCT GGAACT GAAGAT TACTT GTACCTAAAACAATCAAGATGATACTGGT CAGACCACTGATG
ACCAATTTGAAGAT GATTGT CAGAGATGACTTTGCT AT TTCTGCATGT AGGOCCTGCTCCTCAGTCAGCCAGTTCAG
TCACTCAGT CATGTCOGACT CTTTGT GACCOCACGAACT ACAGCAGGCCAGGCT TCCCT GTCCATCACCAACTCCTG
GAGCTTGCTCAAACT CAT GT COGT CTCAT CCT CTGT CATCCCCT TCTCCTGOCT TCAGT CTTTCOCAGCATCAGGGT
CTTTTTCAATGAGT CAGT TCT TTGCATCAGGT GGCTAAAGT AAT GGAGCT CCAGCT TCAGCATCAGT CCTTCCAATG
AATATTCAGGACGGATTTOCT TTAGGATTGACT GGT TGGAT CTCCTT GCAGTCCAAGGGACT CTCAAGAGTCTTCTC
CAACACCACAGT TCAAAAGCATCAATTCTTTAGTGCTTAGCT TTCTT TATAGT CCAACT CTCACATCCATACATGCC
TACTGGAAAAGT CATAGCTTTGACTAGAT GGACCT TTGT CAGCAAAAGT GCAGT AT TCCTCCTCACTCTGTCTATAA
AAACTCTCACCT CCTGCT TAT GGT GGGAGGAGGECGGAGT CGRCCT T TGGATGAAT GTCCTCT COCCTCCCT G CCC
CAGTTGCCGGCATCTGAAAT AAAGAAACT TTCCTTTCCACCAACCTGGOCTGT TTAT TGGCT TCTGACT GGCAAGAA
ACCAGACCCCACACACATACCTTTCAGTAACAGGGGGACT GGTGAGT * GGCGEGEGEEA* GGGGAGGEECGOGGTGRA
GGTGGGGAAGATACT GAATACOGT GAGGT TAGAGACT TGGAGGGGGT GGTATCAGACAAGGCT TCT GGAGGAGAGCT
TAGGGAACT GAACT CCAT TT GCT GAGGT GGAGCACAGCCAAT TTACT GAGGAGT TGT GGT TGCT GAAAAAAAGCACA
A* CCTAAAAGTTGAGAATTATGT TTTATT TGGGGACAT TACT GAGTGCTGT TGACCAGT ATACAACCTCTCAGATAG
CTCTGACGAAT TGTTCCAAAGAGATAAGGGT GAAGCCAGGAT GTTCTGTTCAGT TGCTAAGT CATGTCCAACTCTTT
GCAGCCCCAAGGACT GCAGCAAT CCATGT TTGCTCAAAT TCATGT CCATTGAGT TGGTAATGCTATCTAACCATCTT
ATCCTCTGTTGCCCCCTTCTCCTTTTGOCT TTAAT CATCOCCAGCAT CAGGGT CTTTTCCAATAAGT TGGCTCTTCA
CATCAGGT GGCCAAAGT ACT GAAGCT TCAGCT TCAGCACCAGT CTTTAAAATAATAT TCAGGGT TGATTTCCTTCAG
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GACTGACTGGT TTGATCTTCTTGCTGT CCAAGGGAGT CTCAACAGT TTTCTGCAGCACCACAATTCAAAAGCATCAA
TTTTTCAGTGCTCAGCCTTCTTTATGGTCCAGCTGATCT TGEOGAGGCAGCAGT GAGT GTGGTGTGAAGT GAGATCT
TAATTCCCT GCCCAGGAACT GAACAT GAGT GGCCT GGAT GAGAACCAGGAAT CCTAGCCACCAGACCTGCAAGEECT
AGAGCCTAGAAACTATTTTCCCCTGGATCT TTGCCCCCAGT GAAAAAATGCAT TTATCACAGAGGCAAGAACTATAA
ATGCCAGCCTAAGAGCAAGT GGGAGAGCACACAGAGAAATGGTTTGT TTAGT TAAAACAGAAGACAGGGAGAGATGCA
CACCCAGAGAGAGAGEGT GTGEGT GT CCT CCCTAGT GAGGAGGAATGAAGCAAAGAGGT TATATAGCTCAGI TTTTC
CAGGTCTTTGITTCCATTCAGICCAATTATGIGGITTC TTTTTCCTCACCTGACCTACCT TGGGACCCTCCCTTGCG
GCACACAGGCACCCCTCAGCCAAGATGGATTT CCTGAGAGGAGCAAGGCTCATTATGECCTGGTGI TATTCTCTGCC
TTTTGGECCCACAAGGAGCCT TTCT GAGGAGGT GTAGT GT CT CCCT TGT CCCAAAAGAGGECCEGECEAGEGAGAT CCCT
TAATCCTTTACTGAAACAGEGT TTTGCTCCTCTTTGICCTTGOCCTGACTATTACCT GAAGGT GCT TACAAGAGAGA
AACACTGCCCCTATTTACCCTGTTTATGCTGITCCT T* GCATTTCAG: AGGGCAAACAGAAGT CTGATGT CTTAACTG
GAGCCCACCCATCTCTTGTCTCAGAAAAT GCTAACAGT TCTAAGT ACCCAGCCT GAAGCCTACTTCTTGGTGCCCCA
TGAAAT GCAAACAGGAGGCCAGCT GTAAATAT CTAACCT GGAACCCATCTATCTCCTACATCACAACTCTCACATCC
ATACATGACTACTAGAAAAACCATAGT TTTGACTTTACAG ACTTTCATCAGCCAAGITATGTCTCTAC TTTTTAG
AATGCTGTCTAGATTTCTCATAGCTTTTCCCAAGGGECAAGCGT CACT CCTGCAGT GAT TTGGGAGCCCAAGAAAAT
AAAATCTGCCACCGT TTCCATTCTTTCCCCATCTGI TTGCCATGAAAT GAT GGGACCAGATGCCATGATCTTAGITT
TCTAAATGT TGAGT TTTAAAGCCAGCT TTTTCACTCTCCTCT TTCACCCT CAACAAGAGECTCTTTAGI TCCTCTTC
ACTTTCTGCCATTAGGAGCCAGGATACATAGGAG TTTTTGCTGCAAAAAAAAT GT AGT CAAACAT CAGAAGATAAC
TGCTAGTC* ACAAAAAACCH AGATATCTCAAGT TAATGATTTTAG TGTGT GGGAAGAT GCCAAGAGT CTGEGCTCAC
TGACCTTTGATATGCATCTTAA* TTATCTAGGGCCAGTATCTTGI TTCTCTCCATCCAGATG COCCTCAGGGTGCA
CATGGAGGEGCAGCT GCAGT GGCTGAT GECT TGATGGTGEECAAGAA TTTTTTTTGI TGT TCACTTGGT GAAGGAAA
ATTCAGCATTTATTGCAGGT TCTAAGCAAGAAAGT GGGAGACAAACCT CAGATCTACCTCACCTTAGICTATGAGT T
AGCG TTTTTAAAG" AGGAGGAAT GAAGAGCCTGEGATGGACCATTGTCTTGCGACATTCGT TAATTGT TGIT TTCAG
GAGCCAAAGTATCTCTGATTATGATTCTTCAACCAGAT GGT CCCATAGT AAA* GEGEGEEEEEEEGAC GTCTGI TAGC
TCAACT TGCCCTCGAGAAACAACATGAGTI TTTTATGI TAATGATGATATCT CTAATAGCAACT TTAGTACATTAACA
ATGTTATCAACAGCAATTTCAATCATCTGACT TTGGCT TACTAGT GI'TCAGT TAGCACAGGACAGAAGT CAGAGATG
ATGAGAAAGGGAATAAAGT TTTGGATAGAGATATTAAT CATGGACT CGGT TTAGAGGGACT TGGT TGCAGGT GGACA
TCCTAGTTGTGACT TGGAACT TCT GAATGAACAAT GAAGT CCAAGCAGAAGT CTACCAAACACATAAGGGAAGAGT G
TTCCAGGCAGAGEGAAT AGCCCACCAGGAGECCTGGCAT TCAGACAGACCCTAATGT TTGGACTAACAGAAAGTAGC
TTAGI GAAAACAGCCAGACAGCAGGGAGGAAAAGCAAGAGGAGCT GACCTGGGAAAGGCAACAGAAT TAAAGAGGAGA
GCCTTTATCCTGEEGACAGT GBECAGCAGT TCAGAGCT ATGAGGECAGGEGAGCACCGTCATATGTGAGI TTTAGACC
TCCCAGCAT GCAGCGGCAGAT GGAT GCAAGGAGGCAGGAT AAGAGACCAGGAGAT CGACGCATGTGEEECTCAGT TGT T
CTAGT GAGAGTI CCTGGACTGGT TACATACT GGAAGGAGAAAAT TGATAACAGCAGGAGT TGTGTGSGATGGAACT TC
CCTGGTTGTCCAGCAGCT AAGACT CTGTGCCCT CAAT GCAGGEEGECT GEEGT TCAACTCCTGGT CAGCGAACT AGAT
CCCCACGCTGCAACT CAAGATCCACCATGCTACAAT GAAGACTGGAGATCCTGCAGCTAATACCTGGTGF CAGACAC
ACACAAAGAAAGAGT TGT GT GGGAGGGACCAAGCECT GT GACT TGGAT GT CAGEGEGT GAGGEEGEGAAGAGCTCAGECA
GI'GECCAGGT TCTGCAGCAGGGT GGAT GGT GGAGGT GCCCCT TGCGAAGT GGGT TAGAGT AGGT TTAGGCTAAATGA
GAATTGATCCTTGGACACAT TAAACT TGAGGT GGGT TAAGAAGGECTGATGGACCCAT GGATCTGAACCT TAGGTCAG
ACCOGGGAGCT GAGCAGACAGACT TGT GAGT CACAGGAATATAGATGACAATTAGAACCT TAGGGEECTGCCT GAGGA
GACAGT TTCCCT GT GAGAAAAGAGAACAGAGEGCAAAGCCT GAGAACAGACAACAAGEECCTACTGTACAGCACAGG
GAACTATATTAACCATAGTAGGAAATAGAAAAGAACACAAAATAGAACH AACCH ATCTTGTAATAAAT* CACAACGCG
AAAAGAATATGAAAAAG AATATATATATATATGTATATACH ACATGCATGAGAACT TCCCAGT GGCTCAGCAATAA
AGAAT CCCCCT GCAATGCAT GAGGCCACAAGAGACACGEGT TCAATCGH CTGEGT Cr GGGAAGAT* CCCCTGCGAAAAG
GAAATAGTAACCTACTCCAGT AT TCT TGCCTGGAAAAT TCCACGGACAAAGGAGT CTAGCAGGCCTACAGI TTAACA
TGGTCTCAAAGAGT TGGACACGACTGAACATGCTTGCATATATATATATTTTATATCTACACACATACATGTATACA
TAACTGAATCACTTTCCTGTACACCAGAAACTAACACAACATTGTAATCATCATATACT TCAATT* AAAAAAAAGT*

AAGGTAGCGAGAA* TAATTTACAAAGCAGACTGCCTGEGATTTCAATCCTGGT GT CGT TGCTAACCAGCTATGACCCT T
GGGTAAGCTGCTCAACT TCTCTCAGCCTCAGI TTACTCATCTGT AACAAGCCT GTTGCAACCACTGCATGGATCGATT
CAATGAAACCACACACAT GAAGCGCT TAACATAGAGCCTGECACTGGTGSGTTTGCTGT GTACAACAGI CTGTCTTT
GGACCTGAGGTGTGCCTCCATGATGTATCTTCTTCTGICCTATTTTCTTTTCTATCTCTTCTCTTGAGAGACTTTTG
TTGEGTTTATTCCTTATCCCTTTGATGAGAGCCCAAATATCCCAT CTTGECAAT GECTGGTACGT GCATCTGGECCA
CTTCCCATCAACTCCAT CCT GEECTCCAGCAGCCCGCAGECCACACCCCAACACCCATCCOGGECCTCACTAAAGEEC
ACATTTGCTTTATAGCTCCCTTTCTCTCATTTGCT CCT CACCAT GTCATCAACAAGCAGAGGATGTICCTTGCTTTGC
ACCAGGGAAAGCCAGTATAT CTGAGGT CAGCCAACAACAACACT CAGACTGGATCCCAGATTTAATTTTGAGT TTGA
TCTTCCATCTACAGATTGI T* CTTTGCCT ACACCAGAGAAGAAGGAT TGAGCCTTCCCACTCTGACCCCAATCTCAT
TCTCTGCTGCCTTTTTGAGCCTGCTGEECT CCGAAGGAAGGEGACATACAGT* GCCCTGTGATGTAATTATCATTTAA
TAATACCCAGAAGT GGGT GGCCAGTCATCAGAGGATGAAGT TGT GCAGTGGEEECCTCTCTGGATCACT TAATCCTC
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CAATCTCTTAAATACCAACAAAT CTGCCT CCT GECT GEGEECT GACAGCT GCCCCTGAGT GGAGGEGAGT CCAAGCT G
GCAGAGAGGCCAGGACT TTCTGAATGAACATAATGAAAACT COCCTAGT CTGGT GGGAT TATCAGCCCCCT* CTCCC
TTTCCTGICCCATCAGGACT TTGAAAACACCAT CTGCGT TAGCT CTCAAAT TGCAT GGAAACGEEGAGT GAGGCT GG
GGT GGCEGATAGAGCAAAGCT GGCACCAGT TCT TGGECACT GAGGEGECACACAT TTCCAGCGATCT TGCCTACAACT
CTCTGGAGCCATGGT TCCTGCOCACCAGAGAGGCAAAT GGT CTCAGCTCCAATTTCAGT GAATAGCATTAAGGAATT
TTGCAGCT GEEGAGGTCCTTTGGAATGGT CCAGTGGT TTCAAC TTTTATTTTAGCAGATGI TTTCACTCTTTTCCA
ACAAGACCAGTATGAGCH TCCTTTTAATTTTTACTTATTTTTA* TTTTGEGEECTGI GCT GOGCGECATATGEGATCT
CAGTTCCCCCAACCAGT GATAGGACCT GT GOCCOCGT GCAT T* GGGAGCACAAAGT CTTAAT CACCAGT CCACCAGG
GAAGTI CCCATGAGCTCCTTGT TAATGCCT CACCTAGGACCCT CTCAGCCACACCTGICTTCCCGGTCTTGCCACT TG
TTTCTAGCACAAGCCAAT GGCAACCCCCGECCCCECCOCCAAACT CTGECCT CAGAGT ACAGGAGT GTCAGACACTCC
ATGEEGTGAACCT TTGECCAATACGEGECAGEGT TEGGCTGATGAATTCCTTTCTCTTCCTCTTTCTGAGT GGACTGT C
CTAAGCCGCACACAGT TTCT TTGAAGAAGATCCCACAAGAT TGAGCAT CAGGGGAGATGT GT GGEGEGECCAGCCAAGC
CCTCCGECCTCTCCCACTTCTCTTTCTCACCCGCT TTTCCCTCAGGT CTGGT TCT TCAGCGT CACACT CCCCCATA
AAGTGT TGGCACGTACACTTCTGCCT CAAGATCTGCTTCTTTGGAAACCCGAGATAAGATAACACT TGAGAAGGAT G
TTCAGI GTATAAAACAGATAGAAGT GAGCCCACTCTAAGTGAAGAGAAACAGGGECCCCAGGT GTCATCTGITTTTCT
TCCCCCTGCCAGT TCCAAGGCGAT GATCGAGGT ACCCT CACAAGGCTCCCCAAACCTTTTGATCTCATTCAATTCTG
CCATCCTGCCACTGAGGACGCATAGAGT TAGAAGCAAAGAGGACTAGACT CTAGECT TCTCACT CCAAAT CTGECGA
GACGGATCCTCATCTTTCTATCAAGT TTACATAAGGACT TCTGAAAATATTTCTTTTCCCAAAACATCTTCCCACAC
TACTCTGCCOCCTACCCCCACCCCGAAGCCTTCOCCCACTCGGT TTTATTGAGAAATAACTGACATACATCACTGCG
CAAGCT CAGCCACACAGCAT GATGGT TTGATTAAAGCATATTATGAAATGATTACAATAGGT TCAGCTAATATTCAT
CATCTCTCAGGAAGGCT TTTAAGT CCCCT GT TCGACT GT AGCCACCACCT GGGAGECAT GACACACGGAGI TCTAAA
CTCAGAAGCTGGGACACAGGAGGEGECAGACAGAAAT GEGGECAGGAAAGGT GCAGT AAT CCTGGGAGAAAGGCAGTI CAG
GAAAGGCCTGATTCAGGGACATCT CCT CGT GGGAGACAGGEGEGT TACAGCAT GAGGACAGACCCCT CGEGAAGAGGEA
CCACAGGAGATGGAGACTGECTTTCTCTACCAGCTGGT GTCACCT GTAGGACACGCT CCTCCAGCTGAAGT CATCC
TTAAGGAAGCT TGAAGGGT GACCACACT CGEGCEGAAGAGACAGAAGGAGGT TATTATCTCCAATTATTTTCATTGAA
AAATGT TTAATATAATTCCTTTACACTTTTGIGT TAGT TTCTGCT GT ACAGTGAAGT GAATCAGCTATATGI TCATA
TGTATCCCCCACCTCTTTGACCT CTCTCCCACCCCCTCATCTGACCCCTCTAGATCATCGCAGGTCACT GAGCTGEG
CTTCCTGTGITTTATAGCAGATGCCCACGAGT TACCTGT TTTACACATGCCGAATGTATATATGTCAATCGTAATCTC
CCACTTCGTCCCACTCTCTCCTTCCCTCACTGT GTCCACCTGICCTCCCTACGT CTGCATCTCTATTCCTGCCCTGC
* AAA* TGGTTTCCCCTGCACCATTTTTCTAGATTCCACATATATGTGT TAGTAATACAATATCTCGTTTTCTCTTTC
TGATTGACTTCACTCTGTATGACTAACTATGAGCT TCCCAGGTGGT TCAGT GGTAAAGAATCTGCCTGCCAATGTAG
GAGAT GAAGGGAGATCCAGGTTCAATTCCTGSEG TTCCGAAGAT COCCTGEGEET GGAAAT GECCACCCATTCCAGTA
TTTTTGCCTGGAGAATCCCACTGACT GAAGAGCT GAGCGGECTACAGT CCATGGEEGOGAGACT GCACACACATGAC
GGACGCTAGGGCCATCTCATTAAGAT TCGT GT GBCT GT GACT GCTAGAAACACCTGGEECCAGGT CAAAGGCTAAAA
GITGATTCTATATTATAGGGEGECACGEECAT CTTAAGGAAT CTAGGT ACCAGGGT GCAT CTGEECCT CGGEGGAACAGAT
GAGACCAGGACCTGGACT CAGAGAACCOCGGAAGRCCACCTCCCTCCAACTCTGCTTCTGT TCCATCCCTTTCTCTCT
CTCTGAAACTGGECH GCTCCCT G GCCCTAGCGAACACT GBCATCAAAT GGCCTCAGCCAGCAACTTCCAAGT TCACC
TCGCT TCCATCCAGGAGGCAAGCAGAGT CAGCCTGGACT CTTCT GEECCCAAT GCTGAGCTCTCGT GGAGGT TCTGG
TTGGACCAGCT TGAGCCAGGT GCCT* CCCCOGEECCCAT CAGT GAGGECOGGAT GCTCTGCAGT CACAGCTGCTCCCT
CGCTGEOCAGACAGGECCAGCCGAAGAAGCAGECGGT TCAT TACCT CGEGCT TCAACAAAAGCCT TAAAAT AAGAGAGT
CTGIGCTCTTCCATGCCTTAATGGAAGAGATCATTCTTTTCTACATTTGT TGTAAACTCAAACCTTGTCTGGAAATC
TGCCT CCCCAT TGGAGCCCAGAGCTGAAT TATTCT CAGCCT CCCCACT GCCCCACA* CCCOCCACCACCACCCCGCA
TCTGCCACT GAGAGCT GGECAAAGCT GAGAGGGTACCAAGCCCT GOCACT GTCCACATCCTGGECTCTTATGT GAATA
TTAGTAAAGTTTACTTCAGI TTCACCT TAGACTTATTT TATAAAACAGGT CAGT GGGCTCAAAAGT CTTCCATC AA
AAGAATTTCTAAGGACATGCCTCTTGAGCCTATGGT GG AAAAGGCTGATGT GAGCT TCT* AAAACCAGAATTTATGT
GGTGCTTCCTGCTTTGEGAGT CCATGGGT TCAATGCCAGAAAGGAACTCAGGTCCTTTTCTTTCACTCTTAACGACT
ACTGATAACATCTATTGTACAATTGATAT GEECTAGECCCT GGICTCAGI CCCTCCCTTCTACTAT CA* CCAA* CCC
CGACAACCACTGATTGICTTTATGTCACCATAGTTTTG TATTTTCTTAAA* TTTCATATAAATGGAACCATCTAGC
*TTTTTCTATCCAGATTTTCCCACTGAGTATGATGCTTTTGAGATTCATTTGTATTTGEGTACATTTCAAGAATTCA
GCTCTTTTTATTAACAAGTAGAATGATATTGT CTGGATGTACCATGGT TTGTTAATCCATTTGAGCGACATTTGAGT
TGITTCCACTTTGEGEECTACT GT GATAAAGCT GCTAAGAACATTTACATACAAGT CTTTGTGTGGACTGATATCTTA
TTTCTCTTAGGTAAACACCT AGGAAT GEGATCGECTGECT TCAATGGTAATTGTACCTTTAGCT TTATAAGAAACAGC
AGAGT CTTCCCTGGECAGT CCAGCATTGECCTAGCCT TTCAGT GCAGGGGEGT GT GEGT TTGAT CCCT GGT CAGGGAGC
TAGGAT TCCACATGCCT CGCAGCT AGGAAACCAAACCATAAAACAGAAGCAAT ACCGTAGCAAATTCAATAAAGACT
GAAAATAGT TGCAAATTTAAAAAAAAAAAT CTTAAAAGGAAAAACTGCAAACT GGAAAT AGAAATACCAT TTCAAAT
GATCTTTAATCTTAAAAAACTTCAGATGCTCAGCT TAGCATGTATACATCCTCAGI CCCTAAGTCATGI TCTGCTCT
TCCTGAATCCATGGACT GTAACCCTGCACGCT CTGT CCATGGAAT TCT CCAGCCGAGAATACTAGAAAGGGT TGCCA
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TTTGCTACTCCAGGGGATCTTCCTGACCCAGAGAT CAAACCCGT GTCTCT TGCGCCCTCCACGCTGACAGGCAGATT
CTGOGCCACTATGCCACCTGGCCGCT TGGGAAACCCACT GT GCCTAGCAGT AGGCCTCAAAAAAGACTACCT TCTGG
ACAACGGCAGAGGT AACCACGACAGTATCACCCTGATGACAAAT CAAGT TGTACGCT TCGCT CCCAT GGCCTGGAGT
CTCCTCACCCCT GCGAT GTGAGAGGGAAGT TCTAAACT GBGT CAT TCACCCCCATCCGATGI CTCATCTTCCCCTGC
CTTTCCATCATCTTCCT GTGCAGGGCT CT GECCTGAGAGOCACAT GCAGAGGT AGGTACAGGCAGI CTATACATAAT
GTATATATTGI CTAGGAATTAAGT TTCCACCCAAAGCAAAAAGCCCTAGCTGCCTGACTTTTAATTAACTATTCATT
AGTTTGGCTACAATATCCTCCAT CAAACAATGGGBCAAGT CATAAGCECT GAATAGACCCAGCAGACAAAGCGGGATCC
CTTTTCTTAGCTGGATGT CTAACCAGAGCCAAT TCTCAGTTACCCAATCAGTCAATAAGCATTTGCTGAACTGTACC
GGAATAGT GGACAT GGAACCGATATTTCTCATAACCTTACAGT TCTTGOCCACCCACTTTGGGTACTGICATTACTT
TTCGACAGATGATT CAACAGAAACT TGAAGAT GTGATGT GAGGT TACCTAGCAGAAGCCAGGATGAATTCCAGGT CT
CCCAGCTTTGCCTTCCCTTCCCTGCGT AACCCATAAGGT AGT TGGGT T TGGGGT CGGEGT GGGGAGAGGAGGECT* AA
AACACACGAAACAAGACAAT CCAATTTTT TCCCCAGGACAT TCCTGAAAAAAATTGACCACAGCATTAAAGT GTCTT
TTCOCCATAAAACACAGT TTGAGT TGGGAATTTGT TCCTGAT TAAGGCTTGGACATAAATT* AAACGATGAAAATGT
* AAAATGAAAAT AAGTAAAGT TATTACAAACAAATCTTTATAATAACT TGT TAGTAAAACCCT* GCTCAGTCCTTAT
GAAACAGCCACAGAGCCACT GTAGACCTTAAT TACACAAGGAGCCCTCTTCCACTGCAAATTTTCTTGT GCAACAAG
AAAAACTTTATGTCTTTAATATGATTTAAAACT AATAT GCTAGAAAT GGT GAGCAGT GAACATATAGTTAGAAATGC
TTTTATAATGI TTAGAACCGCACT GGGAG * AAAAATGCCAACTGCTTTGCCCTCTTTATAAAAGCT GGACTAACAT
TTTGTATGGATCTTATTTCTCTTTTGTCAAGI TCTTACT CTCCAT GGACAGGGT CCACAGAT GGBCATCAGGGGACT
TTGCACCACCTGAAATTGTATGCAACATGT TTTGAGGATACAAATACATTGTGGAGCCT CTAGCTTTCATCAGATCC
TCACAAGCCTCTGT GATAGAGCCACAAATTTGAATCACH TTATTTCTTAGTGT TTCTTCTATTGTGAGCAGT GBCAT
TAAAATTGT TCCACTGACTTTAGAACCTTGCTGACT TGGAAACATTCTTTTAAAAAGCAGOCT GEGGACTTCCCTGG
TGGTCCAGT GATTAAGAAACCACT TTCCAATACAGGGGATGT GGGTTCGACCCCTGGGT CGGGAAGATCCTCTGGAG
AAGGGCAT GBCAACCCACTCCAGTATTCT TGCCAGGAAAAT COCAT GAAGAGAGGAGCT TGGCAGGCTACAGT CCAT
GGGGT TGCCAAGAAT CGAACATGACT GAAGTGACT T* AACACCCACAT GCCACAAGT CACAATGAAAGACCCTCCTT
GCTQC* AACAAAAACCT GAGGCAGTCAAATAAATACATATT TAAAAATAAAAAGT* AGCCTGGATCCTCTTGGTGGT
GTAATGGGCTTGAT TCCTAGAAGGGAT CCCTCCCTATAAAACAACTGGACCCT GAAAAAGAAAAAAATTTTT* * AAA
* TGCATAGCTAGTGAAGT CAGATAGT GAAGGAAGT CATCGT TTCCTCACCACT AAAATTAAACAACACACH AAAAAT
* CATGGGECC* TGAGACT GGAGGAAGGGECACT GGT TAGAAAGCGAAGAT TGEGECAGCCCTAAGGECAAAT GCCCATT
TTAGCTCGCTTCT GGGAAGCT TACCCCT GGGCCAGT GBCAACATCAGGGAT CTGCCTCAGGATTCCACCTTAGCTCAG
TTTAAGGGATCCTCTTTTGI TACTGGCTGCACCTCTATGGAT TTCOCT GGT GGCTCAGAT GGCAAAGCATCTGCCTA
CAGTGCGGGAGACCCGCGT TCGAT CCCTGGGT* CGCGAAGAT TCT CTGGAGAAGGAAAT GBCAACCCACTTCAGTAC
TCTTGCCTGGAAAAT CCCAT GGACGGAGGAGCATGGTAAGCCCGAAAGGAGT CGGACACGACT GAGCGGACTTCr AC
TT* CC* ACTTTCCACCTCGGAGGT TTTCTCTGCCT CACT GAGGAGAAGCGGAAACGACATTTCCCAGAACCCTCTGC
TTCOGCAGCAECTGCAGGOGGGAGECCAT TGGT AGAGAT TCCGAAGGCAGGT GCGAGCGAGAGGECACAGT TCTCCA
GGGGAGTTGTAGACT CGTGAAAAGGCGTGAGT TCGT GGTAGCT TCAGGAT GTGCTTCTTGAGGCTCCCCTGCAACAT
GCTGCAGCCT GAGAGAGCGAGEGGTGGEEGEOGAGEGCCGCT TCCCAGAGGECTCTTGAGAT TAGGGT GBCCTTCAGGC
AAGCCT GAGAACCGCCCT OGT GGGTGCTACAGACT GAAGCT GCAGT TGAAGGT* CCCCTTACCTTTGCTTCCCCAAG
GCTTCCGAGGGT TATGTAAACCCCTGATTTCCT GTATCCAAAACT GAGACGCTTGGBCATGCCAGCTATCACTTTATT
CTCTCTTGTTCCAAATTTAC TTTTCAATACCTGCTCTG* TGATCATGGEGTGAGCCTGACGT TGTTTTTCAGTAGAT
GGCACTAGAAGGACACT GGAGGAGGAAAGGT TTCTCCTTCT GGTACTGGT GCT GTACGT TGGAGGGT GGTATGAACG
GGAGCGAT TCGGGT GGT GCGCTGCCCACACACACACCAAGAACACACAAT CTCTCAGTGACCTCCCAGCTCCTGCTT
GGT CTGGT GAT CACCTCCCACGGCGCT CAGACACAGACAGT GGAT TGCAGGCCTCCCTCCTACAGT GATGCTAAATT
CCCTCTGCACACCTGCATGCCTGACAGCCT GCGCCCTGEECACT GCTCACCTGTACTTCACTGGGT TACTTCTGGECC
TTTTCAGACAT TGAGGACAGGCT GCCCAT CTGGCCCAGGCTACCT GT CAAACT TCTCTGCCATACAGCGGTCTGCAA
CCACATCTTCTCCAGTGCGGT CTGAACCCCAGCH TTTGGGAAGGGAGF CTCCCCTTCATAGI TTGTCCGTCCTTAGG
TACTTTCTCTCAGCACTATACTCCCCCCCTTT* CTAAAATAATGGTCC TGTTTTATTTTGCTTATATATTGTTAAT
ATTTTATATATTTATTTGGCTGI GCCAGGTCTTAGT TATGGCACGCAGGATCTTTGATTTTCGT TAATGGCATGT GG
GATTGT TGCAGCG AAAAGGAAAACH AGGGGAATGAGT TTTTCTCTTTCCCTTTCCT GAGAACAAAGAAGACAGAGA
GAACAGTGAGCAGGCCTGAACATTCCCAGT TTTTTTTTITTTT

>NCL_C7

CCCTCTAAGAGGECCCAGCGCCAGT GGEGACAGEGACAGGEGACAGEGEGEECC ACCCTGCACGCAGGACTTGAACT CA
GCCOCCOGCCCAGCT CCAGCGGACCTGTCTTGGTCACCCGAGCT TACCTTCCGT CTGGGT TTGCCTCTGCCCAAGAG
GTGEECOCACTACCATCCTGGGACCCCAT CCTATGACAGT TGAGCACCTTCCAACAGTAGCCGGAT GBGGACAGCAC
ACTCTTGCGACCGGEGCGAT GGACCAGACTCCACAGGGEGEGECAAACT GCCTCCCCCATACTCT GCACCAGEEGECCCOGTG
GTATCAGCAGGGCTAGAGT CAATGEGEGGACCCATCTCCTCCCCAGT TACCTAAAATGTGTCTTCCTGCTTTAAAGAT
CTGAGGEGTCCTCTGGACT TGGAGBCCAGCOCT GAAACAGTAGGGCTCTTCTCTCTCTACTCCTGCCCCGOCTCCAT
GACCTCTACACCTCCTTGCT CTCCCT GCCAGGCCCT TCTCCT GCCAGACCT GCCTGCCATCCAACATCCTGCTCACT

264



CCTTTCCTTTGT TGT CCCCACCT CCCCACACAGGT GAACCCT GT GAGCACAAGGAT TTGEEECTTCGCTGTGCACT G
CTGTATTTTTAATCCCT AGAACGGGECTGECACAAAAAAAGGACT CATAAT TGGCACH AAAAAAAGGACT CATAACT
GIT TGAATGAAAGAACAAATTGEGT TAAATAAACTGCGAT TAAAATTCCCTTTAAGT TTTCCCT TTGAAAATGCCAAATG
CCCCAAGGCAAGAAAGAATCCTCCCCAGACCCAGGATAACACCAGCT GTCCTGCGAATGGAA* CCAACTCTGATGAC
ATCTGTACATGGTACAGACT TAAGAAT GTATAGCAT CCAACTTACAAGTAATAAAAAT* ACTTTGATTATAAATCCC
ATCTAGCCAATTGATTATCACAAGTGAGI TTCTGCCAGCTCT TGTATCCATTGCCAACCTACAATTTTGATTTAACC
ATAAGT GAGGT* AAGCT GCAGGCCAATGAATGCAACH TATTTTCCCAATGACTACACTGTCATTACATCTGATGAGT
GATCTACTGITAAACTATTCCTCACCT TTGTGCAAATTACATCCATTAAACT* GAAGTCTTTCAAATCTTCAGCACT
ACTAATTGCAACAGACCTATCTTTTAAAAAACT TTTGTAGACGAAGGGACATTCTTTCATCTTCCTTTGT TTAATAA
TAGTTCACAAAATTCCTAAAGGT GTACCACGT AGCT CATGCT AGCAAGAGCAAGCT GECCCCGECT TACATCTGSGT
GACGT CCAGGCACAGAGT CAGGT GOGT GCCTGCCACCT GCTCTCT TGCTCACAGGAGCCT GATGAGGCAGT GCCATT
ATTCOCCACT TCACAGAT GAGACCACCGAGGCT CAGAGGEGGACT GGAGCCCAGGT CCACT GCCT CCAAGGT CCCTGGT
CTTTCCATTCAACCAGICTTTCTTTCCTGAACGI TTGIGGTCCCTTTCTTTGI GTCAGACTTTAGGATACAAAGGGA
AACGTACCTTCTTCCTTTCT GGGAGAT TCAGAGECCOCCAGAGEGAGEGT CAGT GAGCCCCAGCACCATGTITTGGT* G
GGGEGECACACT AACAGCCT GGAT TCCAGCCCTGAGAT TCATCAAGCCT TGT GT TAAGACT GBGT AGGAGAGECCCCTA
CCCTGGECCTTGGATTTT* AAAAGT CCCT GCT CTGGACCCCGT TGAGGEGT AAGAAT AT CAAGGEECCTATGEEGAG
GCGOCTGCAACCCACCTACCCTCTCTCCCT TAT AGACGCT GCTGGTAACCAGAACT CTGCAAGT CCTGCCCAGGT AA
CCATCCCTCAGI TCATCTCCCTGCTTGAGCTCAGCT GAGCCT CCCCAGCAGGEGT CTGECCCCTGXTTCTGT GTAAC
CCAACTCT GTCGCCT TGECCT TGT GCGAAACAGAACCAGGCACTGT GGGAAACT GAAGCT GCCTGEEGECAGGT TTGGG
GATTCACAGAATAAAGT GCT CCAAAT GCCAACGCT AGCCT TGCCGT CAGCGCAGAGGGAT CTCTGAGECCACCTCCA
CTGGECCTTCACCCT TTACAGAT GGCGAGACTGAAGCCCACAGCCT AAACAAAGCACCCT TTCCGAGAGCACAGCCCT
GGGCCCTGI TCTCTTTCTCAGCCAGT TACAAAGCCCCCTTT TCAGCT GAGGECCCTCAGI CACAACCAGI TGGTGI CT
GTI'CCGACCAGCCCCT CT* CCCOCT CCGF CCOCCAACTAT CAAGT TCT GGAGGAGAACCGAAGCGCT CCCCCTCCTGT
CAGGECCCT CTTGCAAAT CACACT GACGACT GT GTACTAGGCACAGT TCTCACCT CCAAGCCT TAT* CCCCOECCCCT
CCACCAGG CCCTTCCTGGT AGCAGT CEECCCCTGECT TG GEGT GEGOCCAGCTCT CCCACCAACAAAACATGAGC
AGAGCAAATTACCT AAT GAGACCCATATTTTGCTGCGAGT TGCTAAT GAAAGAACAAACCAAACCTACCATTAATTT
GGT CCTGEGAAAGAAACT TGGCCT CCAGCAGAGAGAGAACAGT CAGGAAGGGACT CCATGAAAGCCCCCTECCTCCC
CAGCCCOGGEECACCCTGEOCAGGECCACACAGAT CCTCACCAT CECEEEECCTCCAGCTGCCACCOGT GEGCTCECTG
CTCCCAGAACTGCCTTCCTGT TCCCCT TCT TCCCGECT TCAAGT CGAAAGT CCGCCCAGCOGEGEGT GGAGGEH CCOCCG
TAATAAAT CCCT GECTGCCAT GGAGACCAGECCCGCOGCCAGEEGTCAGATTCCAGCTTCCTGTGCTCTGTGGATGC
CTGECTGT GEGGT GGTGECAGCCT CGAT T T TGAGAGAT GGGAGCT GCCCGAGGECECT TCGCCGGECACT TGGTCCTGCA
CCAGGAAGCTGATATTCT GT AGCCAGAGGACAAGEECCECTGI TCCT TCCT GSGAGCCCT CTGT GGACACTAAGAAG
GGGTCACCCAGAGAGEEGAT CACTGEGT* COCCCAGECCTGCCT TCAGEGGTATTTCTCTCTGAGGATTGCATTAGG
GCCTAAATAGAGT CTCCTCCTAGGT GT TGGECACT TTGCACATCCCCT TTAGGCACGTCACACACCACCTCATTAGT
TCAGI TCAGTCGCTCAGT CGTGT COGACT CTTTGCGACCCCATGAACCACAGCACGCCAGECCTCCCTGT CCATCAC
CAACT CCTGGAGTCCACCCAAACCCATGT CCAT TGAGT TAGT GATGCCATCCAACCATCTCATCCTGTCATCCCCTT
CTCCTCTTGCCCTCAATCTTTCOCCAGCAT CAGGGT CTTTTCAAACGAGTCAACT CTTTGCAT CAGGT GGCCAAAGTA
TTGGAGTTTCAGCT TCAACATCAGTCATTCCAACGAACACCCAGGACTGGTCTCCTTTAAGGT GAACTGGT TGGATC
TCCTTGCAGTCCAAGCGACT CTCAAGAGT CTTCTCCAACACCACAGT TCAAAAGCATCAATTCT TCGECACT CAGCT
TTCTTCACAGI CCAACT CTCACATCCATACATGACTACT* GGAAAAACCATACCCTTGACTAGACCGACCTTTGI TG
ACAAAGTAATGTCTCTGCTTTTTAATATGCEGAAGGAAACCCT GCGTGACACCACAGCCCAGI GACAGCCACCTCCTC
CGCCAGAACCCT GGATGCCACACACAGGAGAGAAAGECGECCT CT GAGGAAGACCTCGGT GCCCATTCCACAGCTCT G
TGCCTCAGCAT CCTGECCTTATGT TGAGAGT TAAT GBCCAGATGGTCCA* TTTTCAGCT TGAGT CAGT TCCTTCCCA
TTCTTCTGEEEGTGT GGTAGGTGCCCATGCTGEEGT CTCTGEOCCCACCACAGGCAACT CA* GGCGACT CAGAGEGA
GACCTCTTAAGTGACTTTCCTGGTCAGGAAGSCTCCCTCTTTTCTTCCTTCCCCTCCACT CCCCACT GCACT TCCCA
GCCTTTOCCAGCAGAAGCTGCTGACTTTCCCCATTTCTCAGI GGT TTGT CCCCAGOCCACCCCTCCCCACACCCACTG
AGGAAGT GAACGEGEGCEAT GGAGCT GCAGCCECT GEECACAGCTGEGT TCTCCCCCTCCTTCTCCGAGATCCCT GCTGT
ATCCTGTGT CCACGGECT GGT GECT GCCGT GCCT T T GEEECCCCGACT CCAGEECOCACCCAGT CTGTOGEGEACTGEC
AGGTACCECCACACCGGT TGT GCACT GCACTAGEECTCCTGGT CTGEEEECCT GGAAAGGECT GCATGCGT GCAGAG
GGAGCTGGTGGTAATCTGTAGAAGT TACAT GGATCAGCGGCAGEEEEECTGTCTTTGTCTCCTGACCATTTCCTTGT G
AAAGGTTCTCTTTTCCTCGACTTCACACCCAT TTCTAGACCCAGAAAGT TTTAGCT GECGGTI TTCTGACTCCTCCAA
GTI' TGEGEECT GAGGAAAGECT GGT GEGGAGCAGGAAAGGAGEEGAGT TTCTAT GCGACT TACAGGAAGAAGAGCGAGAGG
GGACAT GAGCCGEEEECGET TEGCAGEECCCGEEGCACAGAGCGEAT CCT TGAGGGGAAGCCT GAAGAGCCAGECCCGG
GCTCGCTTGGAATCACCCTGT GI T T* GGAAAGGEECT CCTGCEEGAGATGT GATCGT TGEECT GTACCCCGAGGTGC
TGCGAGCCATATAGT AGCCCAGCCTCGAGACCAAAGAGCCGAGAGACAGACAACAACT TATCAGAT GEEGCEAATCTT
ACGGAT CT GAAGCCACAT CCT GGAGCAACACCCCCCTGT GGACGECAGACAGCAGGECAGGACACEECECELCTTCTG
CTGCT CTGGAGGAGGAGGOGGCTACCAGT TATAGAGAGCAT TGACT TCAGAAGCCT CATCAGT TACCAGGGAAACCA
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GCT GGCEECAGEEECAGEOGT GT GGACAGT CACAGATAAAGGECCTGT GAT GAACAGGACTGGACAGT CCTGT GTGT
GAAGT AGGGACT GGT GGAGCAGGAGAT ACACAGACACCAAGT GAACGGCCACCT TGAGT GBCCTGECCATACACACC
CACACATCCTGCATGACT CTCATGECCCTGCCCCTCTTCTGAGAT AT CCCT GEGEGT CAGGGATGCAGAGGTGCGI TG
CAACCGCAGATCACAAAT AAAATGACAGACTGTI TGTTTTTGCTGATTAGTI CTCTAAGI TGITTTCCCTGI TTAGTCT
CTAA* GTTGITTTCGATTCT TTTGCAACCCCGT GATGACAGT AGCTAGCAGAAT ACCAAGAGT TCCCAGGTGGTGCA
GTGCTAAAGAAT CCGTCCCCCAACACAGAAGACCCAAGAGACACCGEGT TCGATCCCTGEGTCTGCAA* GGTTCCCTG
CAGTAGGAAGT GECTACCCACTCCAGTATTCT TGCCTGGGAAAT CCCATGGACAGAGGAGCCT GECGEEECCACAGTC
CA* GGCEGT CACAGAGT CGGACACCGACCGAGT GCACACACAATCAAGAGT AAGACACAAAGAATCCTAGATAGTAAC
TCCCTGAGACGCGAGCCAACT TTGGGTGAATTTTT CATGGAAGT CCAGAGGAGGEGAGGECCCT GCAGT CAGACTCGCC
AGT GGT GAGCBCCAGGACT TCCCT GATGCT TAATGGTGCGAAGT CCACCT GCCAAGGCAGEGGACACGAGI TTGGTC
CCTGGTTCCAGAAGATCCCACAT GTCT CGGAGCAACCAAGCCOCGCACCAT AACTACCAAAGCCTGCACACT CCAGA
GCCTGGGAGTCACAACT AAT TAGCCCCTGT GCTGCAACT GCT GCAGCCCGT GT GCCTAGAGCCT G GCTCCACGCCA
AGAGGACCT GCTGCAGT GCGAAGCCCACGCT CTGCAACT AGAGAGCCGOCCCACT CTGCAGAGAAAACCCGCGCACA
ACGCAGACAGCGCAGCCT TAAACCAACAAAGT GGT GAGGCCACCACT GTCACCTGGTCCCCAGAGAGATTCCCTCT G
CTCAGGCTAGGGACGAAACATAAGAT GCT TAACAGGCACAGT ACAGEGCEAGAT CGT GBCCGT GAGGCAACACACAGCG
CAGTGACAGCATTCT GAGGT CACACCACCCCAGCCT GI GGT TEECGT CCCAGCCTGCAGT CCCCACACCT GECECCG
AAACCT CGAGCAGGGCCAT GT CTAACAGAT CGT AGGGGT CATAGAATGGTGACT TTCT CCAGGGGAGGCCTCEATTAG
TGACCT CAGTAGCGGT CTCAGGT AGGGCT GAGT GGAGGACAGGT GAAGACT GTAAGACCCTTTCTAATCCTAT* CCC
CCAAGAAGT GGCAAACCCACACCACCAGAAACT TACCT GCCAGT COCAGGCCGT GGTATACGGT GT TCCACT GGGAG
CAGATCCT GTGGTCAGGACH AAAAACAGT CAGACT TCGATGGTGCTGACTAGI TECT TTGEGGT TACCATGECGTAG
TCTCTGGGTCCATTGCT CCTGECATAT TCAGI TATAAT GTGGAAGGECT CAACCTAGCCT CCTAGI TCACATGT CAGA
GAGCAGATTTCCTGT CTCACTTGCTGGECTAAGT AAGTAGT CCAT CCAT CCT CCGCT TAGCCCGGECAGCAGEEGAGGA
CGGTGTAGGECT GGT GGAAATGCCAGT GTCTGTCATCT TTTACAGGCCAGCTCCTGAGT CTCATGGECCCATAAACT G
GITTCCTTGGT CCCTATTGCAGCGCT TTCCOCATAGEEGT GTGCAGCCAT CAGCAAGCCCTCTCCCGGI TTCCACTG
GATTTATCCAGATGCTGI TGGATACAGGCCAGT CACT GCTGT CCACCAGCGCGATCACCCCAGACCCCCCTATCAGT
GI'GOCAAGCCT CTCAAGGCCAGCCTCTCCTG TATTTCTTGGGAAACATTTTCAGGAAACTTCCTAAAGAGATCTCA
GT CAAGAGGGACAGGAAT CGCCAACCCTCCAA* TAATTTGCTGATCTCTTTTCCATTCTAAATATTCTTTCATATCY

TAATTTTATTCACTTTTTTAGAAGT TTTCTTATCAAGCATACTC* AAAACT GT GTAAGCCTCAGACCCCACAATCAG
ATGTGI GCCCCACTTAGGT GATATCCATTAAGT CCTTGT ATGGAGAAT GBGCCT GEGACAGEGT TTGGAGGAAACACG
GAATCAACGTAGEEGAGAAT TGAGGT TACT AGGGACGT AGGGECCCT TGT GCT TTGAGAGECCAAGGECT GGAGCT GG
CTTACTGAATTAAGATTGTGCAGATTGTGACCT CCT GAGT GAGGEGEEGEECEECAGECAGCACCT TCAGCATCCAGCT
CCCACT CT GGEGGAGT GAAACCCATGGAGT CCT TTTGAT TGAAGGCAGT TGEECT TCCCT GCCAAT GCAGGAGACGC
AAGAGATGCGEGT TCAATCT CTGGGT CAGGAAGAT CACCTGGAGGEGT CCCT TGGAGAAGGAAATGECTACCCACT CC
AGTATTCT TGCCCAGAAAAT CCCGTGGACAGAAGAGCCT GACAGGCT ACAGTCCAT GEGGT TGCAGAGTAGGACACA
ACTTAGCAACTAAATAAGI TTCTA* TACATCCCCACCAAGAACATGAAAT CACACAATTCATTATTTCAGATCCCGG
AAGCCA* GGEEGOCCAACAAGCT AGAAGGGECCATCCTCATCCCAGGT CCTGAGCAGGAGCTAT TGAGCAGGACAGCA
GGCATCTGT TACTCCCAAGGCGGT GEEEECAGAGGT CACTAACT TCT CAT GGGT GTAGAAGGT GCCT GGGAAAAGCA
AAGCCAGGAAATTGT TGCAGGTATCCT GAACTCCAGT CT TCACGT CTACACT CTGGATGT GAGGAGGEGT TCAGT TCAG
TTCAGT CACTCAGT CGT GTCCAACTCT CT GCGACGCCAT GAATCGCAGCACGCCAGGACT CCCTGT CCATCACCATC
TCCTGGAGT TCACT CAAACT CATGTCCAT TGAGT CAGT GATACCATCCAGCCATCTCATCCTCTGI CGTCCCCTTCT
CCTCCTG COCCCAATCCCT COCAGCATCAGAGTCTTTTCCAAT GAGT CAATTCTTCCCATGAAGI GECCCAAGTAC
TGGAGT TTCAGCTTTAGCATCATTCCT TCCAAAGAACAT CCAGGACTGATCTCCTTTAGGATGGACTGGTTGGATCT
CCTTGCAGT CCAAGGGACTCTCAAGAGTCTTCTCCAACACCACAGT TCAAAAGCATCAATTCTTTGGTGCTCAGCTT
TCTTCACAGTCCAAATTTCACATCCATACATGACCACTAGAAAAACCT TAGCCTTGACTAGACGGACCT TTGTAGEC
AATATAACGTCTCTGCCTTTTCAATATGCTATCTAGGT TGGTCATAACTTTCCTTCCAAGGAGTGICTTTTTAATTTC
ATGCCCTCCAATCACCATCTGCAGTGATTTTGGAGI COC AAAAAATAAAGT CTGACACTATTTCCACTGTTTCCCCA
TCTATTTCCCAT GAAGT GAT GCGGACCAGATCCCATGATCTTCGT TTTCTGAATGT TGAGCTTTAAGCCAACTTTTTC
ACTCTCCTCTTTCACTTTCATCAAGAGCTTTTTAGCT CCTCTTCACCT TCTGCCATAAGGEGT GGT GTCATCTGCAT
ATCTGAGGT TATTGATATTTCTCCOGGCAATCTTGATTCCAACT TGTGCTTCTTCCAGCCCAGTGT TTCTCATGATG
TACTCTGCATATAAGTI TAAAT AAGCAGEGT GACAATATACAGTCTTAACGTACTCCTTTCCCTATTTGGAACCAGT C
TGITGI TCCATGTCCAGTTCTAACTGT TGCTTCCT GACCTGCATATAGGT TTCTCAAGAGECAGGT CAGGTGGICTG
GTAGT CCCATCTCCCTCAGAATTTTCCACAGI TTATTGT GATCCACACAGT CACAGGECT TTGGCATAGI CAATAAAG
CAGAAAGAGATGI TTTTCTGGAACTCTCTTGCTTTTTCCATGATCCAGTGGATGT TGGTAATTTGATCTCTGGT TCC
TCTGICTTTTC TAAAACCH AGCT TGAACATCTGGAAGT TCACAGT TCACATAT TGCTGAAGCCTGGCT TGCAGAAT
TTTGAGCATAACTTTACTGECATATGAGATGAGTGCAATTGTGAGGTAGI TTGAGCATTCTTTGECATTGCCTTTCT
TTGEGATTGGAATGAACACT GACCTTTTCCAGT CCTGCGECCACTCCTGAGT TTTCCAAATTTGCTGECATATTGAG
TGCAGCACTTTCACAGCATCATCT TTCAGGATTTGAAATAGCTCCACT GGAAT TCCATCACCTCCACTAGCTTTGI T
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CATCGTGATGCTCACTTGATTTCACAT TCCAGGATGT CTGGCTCTAGGT GAGT GATCACACCATCATGG TTA* TCT
TGGTCATGAAGA* TCH TTTTTTGTATAGICF TTTTTGI GCAGT GAGGAGSGT TACCACACTGT AAAATGCCT CAGCA
GCAACTCTGAAGAACAAACCTCCTTTCCT T* AAAAGCT GTACAGCCTACGATTGTGT GT CTCCTGI TCAGT GCAGAT
GICTTGTGGGT TCTAGGAACGCGACGACTAT AAAGCCT CTGGT GGT TGGGT GGT GAGGCAGAGACCCT CAAAGATTAA
GGGCTGAGGCCT CCAGGAGT CATGCGACT TGCCCAAGGCTAAGT GOCAGCCCCCCAAAAACCT GCCCCCACCTCCAC
CCAAAGGACACCCTCTCTCCTTCAGT TTCTAGAAGGCGCTAGCAGCATGGECT T* GGEEECTCCATCTGIAGACGCCC
TCTGCCEECCCCAGCCCCACAACCCT CAGCCT CCT CCAAAGAGAGCT GEGACCCCCAAACTCAGGATCCTGAGTGEC
ACAGAT CCCCAGGEEGEECAGT GACAGCACCT GCCT TCAGCCAGACAGGEGOCGAGCAGGCCCT TGEEGET CAGCCCAGEG
CTCCTGOCAGGCCCCAGACCAGCCACT TCCCT GCTCCAGGEGT CCCTCCTCCTCCTGCCT CCCAAAT TCACACCCCAA
GGAAGCAGCAGCAGCCGCCAGT GEEECTTGECTCCACACTGCCT TTAT TCACACTGCTCACCCCTGATGCTGCCAGC
TGACAGGGACT GACCGEGEECT GEGEGACCCCT ACAT GAAAGGAGGAT TTGAGGCAGAGT CCCT GECAGCACAGEAGA
GGAGAGGAGCGCAGGGAAGGECGAGGT AGCCCCCCT GAGCCCCTCACAAGCCATGAAGGCCAGCCAAT GCCAGGAAGCGA
GCCTGT GT GOCTCECCCT GGT GCT CEGGT GAEGEECAT CTTGOCAGAACAAGGCCCCCT TTCCT GEGAGT AGGECCG
CTGGT GECAGGT GTGGAT TCAGGCTGAGACACGCT GACGAGAGCCCCACGATGT CTGCCTCTAGTGAGI GCAAGTAC
TCAGAAACCT TGAGCAGGT GAACGAAGCAGGT GCCACGAT CCTGAAGGCGGEGACAGAGACCGAGT TCCCGEEEAGEEG
AAGGT GCCT GGGAACGACCACT GCCA* GACCCCAAGAT CAGGCCGECAGT TCGEEGAGEECT GECTCTGGECTCCCAG
CCCCACGCAGCCTGCAGT GEGEGT GAGGAT COGGEGEET GCACATACCCCT CCCAGGGT TCAAGAAGGECAGGGACAAGEA
GGAACCAT TCACCCCT CCCAAGGCTGCCCT GAGAGGAGACGGCAACCAGCCCACAGCCGACT TGEEACCCGT CaeCC
CGT CT GCT GCOGAACAT GGOCCAGGGAAGGEGEGT GCAT TGCAAAT GAGT ACACAGCAGGT TCACGGAACCCCTGTGGEC
CTGECCTCAGGGT CAGGT GGT CTGAGGEEET* GAGCCEEECGGTAGCGACAGECT AAGT TCCCTCCCAACCTCTGCCC
CACCCAGGECCT CTCCCCT GCGECT ACCAGGAGACACCCAGGAGGAAGAGACAGCCCT GEGCAGT GAGAGT GAGAAGG
CCCGACTCCAGCGTI GCACCEGAAGECCEEEECCACCTCTTGGT CTGGACACACT GCCTCACACACACACACACA: CC
CCCCACCCCCA* CCCCACCCCCTATCCACAGGECACCAGGCATACT CTCACCCACACT CTCAGCTGCGEECTACACAC
AT GTGGGT GCACACAGGCACACACTCCGCACACTCAGACACT TTCGECOGT CCATCCCCAGT GGGT GCACACACACA
CACTCCGCACACTCAGACACCT TCGECOGT CCATCCCCAGT GEGT GCACACACGCACACACT CCCGACACTCACTCT
CATCCATCCATCTCCCACCCACAGAGCACCAGEEECCT GTGCOCAGGACT CAGTAT TGECTGCTGACGT GGAGEGT G
TAGAAGECCCAGCECT CGEEGACATAGAT GACGOCCGEGTACT TCTTCCT GAGGACGGEGEGTCAT TCCACAGCCAGEC
GACCCAGAGT GCCACGAGCAGGAGEECGAGEECGAACGAGT AGAAGAGGAAGAGECCGT TCCT GTCGAGGAAGAGEC
GCTTCCGCT TCT GGT CCAGGACGAGEECCAGCATGECAAAGGAGGTGAAGATGAAGAGGATGAAGAT CTGRCCCT CG
GT GACCAGGTACCT GAGGAGGCAGECGEECAGT GAGEEGT GEEEECCCTCCTGCCCACCGT TCTACCCTCTACCAAG
CGCCAGGCTGCCCT* CCCAGCOGGT CAGAAGAGCGCAT CAAGGEGAGGGEECT CCGLT COGAGCCAGGGECCAGTACACA
GCATTCCGATCTGECTTCTAGAATTACTG TTTTTCAAAAAGTCGAGT TTGTTGCCAATATTTAAATAACAGATTAC
CTGCCGACGTGECGT TCTGATTTCCCTGCTAACGT TAGGT TTATATTCCCACAT GACAAT GACT GACGAGGAGAAAG
CAGCT GCT CAGAGACAGCAT GBCCCCGCAGCT TECCACGGT COCCACCACT CCCTCCTGCCT CACCTGATGCCTACT
TGATGCATTTCTATCTCTTGT CTAGT TCCGAAAGGCAT CTGAGTI TTGGGACCCAGI TTCAGT GTATGEGGT TGTCCT
GACTGTCTCCTTGAAGGCTGGGT CAGT CTCATTCCCCAGSGT TCCCT CCAGCT CTCAGGGCAGTAGCTGGCATAT GG
CCAGGAAT GCAGTAACACT TGCT GGAGEECT TCCCAGAGGT TATCTCATCCACT CCCCTGCCTCCAT GCTGACCCAT
CCCACTCAAGCAACT GCATAGCT CTGCAACTGAGT GCCTGAGTCACCT TGGGAATTTACATGGCATCTTGGAGCCTT
TGTTTTCTTACT TATAAAGGGGEGECATAAAT GGCOCCAGCTCTCGAGGT TACTGATGAGAACT CTATACT TGTAAAGG
CACATTGI TOGGTGAAT GBCCCCCTGT AGCTGT CACCGCAT TGACACACCATGEGT AAGAATGGECTAAGCTTCTTC
TCACTTCTCACCTCTTTCCOCTCCAGCT GTGGI CGT CACCCATTCCTTCTAATCCTGT CCTCAGT GGGCATGT GEATT
CACCTTCATGAACCCTCACT GCT GECCAGGEECAGCCCCT GEOGEGT GGEEGAGAAGGOCCCAGGAGAGGAGECCTTT
TTCATTAGGCT GGAGCECT T COCCOCAGAGAAGGEGECTAGGACACCCACCCTTTCTAAGACACCCACAATCCCTEEGG
AGCCT GTCT CCAGAGCAGAAGT GACAGAGGAGAGGGAAAAGCCT GCT GAGECCTGGTCCTCT GGAATGCEAAGAGG
AAACCAGGT GGGAAACCCTGAAGCCAT GGAAT TCCCOCGTAAGT ATCCTTGTCGTCTCCATGAGECTTCATGGTTTA
CGAGCCCCTCTCTCTCCCTCTGGGT TCTCACCATGT CCCAAAAGGGAGACAGCCTGCTATCATCCTCATTTCACAGA
GGGEGACAT TCAGCCCCCACCOCT CCCACCCT GCCAGGCTCTACAGACT TCTGCTCTACAGCCCTCCCCEEECH GTT
CCCGATGGECTCAGI GEGT GAAGAATCT GCCTGCAACACAGAAGACACAAGAGACCCAGGT TCGATCCCCEEGT TGS
AAAAT CCCCTGGAGAAGGAAATGCCAACCCACCCTAGT AT TCCT GCCT GGGAGAAT CCTATGGACAGGGGAGCCT GG
TGGECT GCAGT CCAT GGGECGCACAAAGAGT TGGAACGACT CAGCAACT AAGCACACH ACAGAAATTATGCTTCGATG
TGGATTCTATGCGEECCCTGAGGT TACT CTCT GAGT GTAGAGAGECCACACT CAGGCCCACCTTCCTGGTCACTGAGT G
GCGECCAGGAGGCACT GT CCCAGT CCCCACT GAAGAGGAGGGAGCAGGEACCCCAACAGGEGAGECT CACAGGECT CA
CACAGCAGCTCTCCGGT CGGAAGAATATTGTCACT GACTGGATCACT AGGEEEF CCCOCT* CCCTGCCACTCCAGGT
CCGCCATCCACT CACCAGTAGT ACAGGCCCLCT GEECACCACCAGGAGCAGGECT GCCCCTCECATTGAGCTCTCAGH

CTTTGGTGGEGAGTAAAGCAGCOGCTGAAGT ACATGAAGAGGATAAGGAAGAAGGEGATGTACCT GCAATAGGGAAGC
CGGTGCTCAGCT GCT TGECCEOCCEECOEECCAGCCCCCGT COCCCCACCGTCCTAGGACTGTCTGCCTGTACCACC
CTGTGCGGTCTCACTTTGI T TGGEGT GAGGGCACTCCCAGCCT CT COCGEECH GGEEGEGT CTAGGAAGGAAGAT GAGG
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CCTGCAGAT CCGAGCCAT GEGCAGEEECGET GEGECCAACCT CCT COCACACT GTCCCAGCCACCTCACT CACTCCCC
GI'GTGTGCATGI CTCTCTCACTCTCT CTGCCCCACACACT CACCCCAAGACCAGCAGCCCOCAGCCCCTCACTCCT
TGGGAAAGGGT GCACCCT GCAGEGT TGA* GEEEEGAGAGECCCAAGGT CCCAGT CT* GEGEGEGAAAAAAGEEGTGAG
GGGAGGAACAGCACCTGCTGGEEGACCT CCCAGGAGCT CTGT GAAGCT CCT TCACTCACACTCAGT CCCCAGCCTCAC
CCCCTTCCATTCAAAGCT CACCCAAGTACCACCCTCTCTCCT* CTCC* ACACACACACACACACACACACACACACA
CACGCT* GCT* CCCCACACGCCTGTI* G CCA* GCT* CGCACAGCACCCTCTTTCTGI TCCCACCCCCACTCACCTCC
TTCCCCACCTTCCCCTCAGI GEBCCOCCACT CCCTCCGAGTCCEECCCTTTCATTTCTCCAGECCCCTGI TCATCTCT
CCTCCTCCCTTCCCCAGCCT TCCAT GGGAAGEGT CT CCT GECACAGGCCAGEGAGAACT GBCAAGAGECCTGT GTGT
GCAAGGACACCCTGACTTTCT AGGCCCCAAAAGAGAACCCAGAAGGACAAT GTAGEGECCCECGT GACACGAGT GAGC
CCACCT CACTCGEGAGT GEEGEOCACCATGT CCAGEEGET GACT CT GECACT AGCT G CAGCCCAT GGGCAAAGCCCCT
CCCAT CGECCCCAGCTCATCCTGGGAT AAAGT GEECTCTGGAACAGACGACT GCCT GCAGCT CGECCCGCATCTCCT
GIGECTGAGCCCACATCT GT GAGGT TTCCT CCGCT GT GEEGT GAAGGGEGET GEGAGGAAGGAGCT CCAAGGEGAGT TC
GGAGGAGGAGGCEECACT AAGAGCACCCCT ACT CCCACCT CGOCCOCACCCTGGT TCAGCCGECCCTCCT* CAGCTC
CCT* CCCT GCCTCCGEGT CCTCATCCT CAT CCCCA* GGT GEGEEGAGT TGT TTACCAGCGCT GCAGCCCCAECACT G
GGAGGACAGGECGCT CACT GCCCT CTAGT GGCCGCCECEEACACT GOEGECCAEET GGECACCGAAGCCEECGAGECEG
GAGCCAGAGGAGCGACAGOGECOCCCT GCT GEEGAAGAGCACGOCAT TCCAGCGT TTGEECTGGACACT TGEAGACCC
CAGGGECCCCTTGTTCAGCGT CACT AT GECCAGCGECAGAGCCT GECOEGEEECCAT GGECCCCATCACT CACCACAT GG
AGT GECCCAGGTACTCATCGT AGTAGT AGAGCAGCT CAAAGGAGT CGATCT* GGEEGEECAGCAGACGOCAGEC GGG
GGGCAGAGAGGGT GEEECT TCAGGAAGEET GT CEEGECCGECGCAGCOCCCEECT ACCCT* CCCCCTGCCTGCCCATGC
CTCCCTTAACT* GCCCCCAGT CCCTCCCTATGEEGACGAGGECEAT Cr TAEGTGEEEECAT CCTGC TGGEGEGT TGA
GGGTGEEGET TEEEEEEECH GACCTGCT CTCT CTGEEECACCT GTGATGEGT CGSCAATGT CTTTCACCTCTAGGACAG
ACCGCCACAGCCGAGGTGEEEECT CACCAGCGT CTCTGECTTGAGATTCTTGAT GAT GEGEGT TCTCACGGACCGACAG
ATGGT TCTGGTAGCCACT GAAGAT CAGCCGGT GGT TCACTGAGT CECCCACCAGGT GGATGCTGGCCCCCATGATGA
AGGTGATGATGCTAACGT AGATCAGGEGAGCGT GACAAGGT GCEEGEECACCCCT CCATGAGCT GAGGT CAGAGGEGAG
GCCOCACAGCAT GACCCCTGACACCAT CACCACCGGAGACGCOCT CT GCT GECCC CCCTCACACCT GGAGT GEGAT
GGATGCCACCAGCCGEAAAGCCT CTCTCACACGEGET TCCCT CTAGEEGAGT CAGTCCAGCCTCCATCATCTTACACG
ATCCCTGI GAACCCAGCAGGT GCT GEGGAAGAGCACCCT CT TTGECGCAAGAAGGAACACACT CCGCEEGECCACCT
CATTGCTCAAGGT CAAACACACCCATATACTGT GCTCGAGAT GACAGCTAGGECCTTCCATAGAGECAAGCCAGECCC
TGACCTCCCACCACCCCTAATTCTACT TCTGSGTGACT GEECTGGACT GT TGAGSCTGEGCTGCTCCCATTTCTGAG
CAACT GAACCAT GCAAACAAAAAT GT GEEGCAGGT GTTTCTGAAACTAAGT TGT TTAACTAAAGACCCCTTCAAATT
CAGAGACT GCACCTTCCTTACTTTGAAAGAAAGAAAAT* GAAGT CACTCAGCTGAGTCCGACTCTTTA* TGACCCCA
* TGGACTGTAGCCTACCAGECTCT TCCATCCAT GGGA* TTTTCOCY AGGCAAGAATACTGGA* GTGEGT TGCCATTTC
CTTCTCCAGGAGATCTTCCT GACCCAGGGACT GAACCGEGT CTCCCECAT TATAGCCAGACGCT TTACCGTCTGAGC
CACCAAGGAAGT TCGGAAAT GTCT CTAAAAACACAACGATGEEGATAGTAAATAGCAGTAG TTTTAAGAGCCTTTA
CTTGGCAAAA* TCC* AAAGCCH A* GGACCTACGTAGECGAGAGAGCCC

>NCL_C8
CTTCCCTTCCTTGCCTGCTTCOCACGT CCGOCT CCCCT CCCTACGAGT GGCCAGACCTAGCAAAAAAAAAAAAAAAA
AAAAAAAAA* * CCAGCECTGT CAAGGT AAATTGAGT TTCAGATAAACCTCAGT CCATGAGGT CACAAAGCGT TGGAC
AGGACTTAACAACAACATCCTTACAAAGGTATTTGTCGT TTATCTGAAATGTATGT TTAACTGCATTTCTTGCCTTT
CATCCTGI CAACCCCATCCCCTTTCCCTCCTGACCGECCCT TCTGCCECCT CCCTCCCTGCTCCTGI CCTCAACTGAC
TAAAACCACAGT GGT CAAGAACCCGCCTGCCAGT GCAGCAGACAT GAGACGT GGAT TCGATCCCTGEGT Cf GGRAGG
ATCOCCTGGAGAAGAGCATGGCAACCCACT CCAGTATCCT TGCT GGAGAGT CCCAT GGACAGAGGAGCCTGGTGAEGC
TGCAGT CCATGGEEGT GCCCAGAGT TGGATGT GACTGAGGCAACT TAGCACACACAGGAAAACT TCCTCCCTCTCTTGT
TCCAGGTCCAGCCCAGGGAGACGAGGAGCCCACAGCAGGECACCAAAT TCCTAGCEGAT CTCAGCAAAT GACAACTT
AGGTGCGGAAACAGAATAATAATGCCT TCEEECT TGCTGGAGGACCAGAAACCCGCT CTGCEAAGCCCTGECAGAGAG
GCCATCATACGT GGTGACAGATAT CACAACTGGGAGCT TCTGAGT CCACT GCT GCAGCCGECCGGT CTCCGEECTGLT
GAACT CTCAAGCCGCACT CTCACACA* GECOCAGECCCCACT CAAGACT TCAACAGGECACTGCCTGGACGTCCTCCC
AGCTCCCCCGAGATCTTCCTTACTGCTCTCTTTGAACCCTCT CTCCCCTCT GGAGGT GAAGT GGCCTGCAGAGCCAC
AGCTCCCCAGCCCAGTIGGAACCAGCCCCCACCT GCATCT GCCCT GACCCCCCAGCCCTGGAGGCACAGGGAGGCCAG
CCAGGAGCT TGGGAAGAT AAGEEGT CCTCACAGAGGCCCTGACCACAGEGT GEGEGT GGAACT GBCCAAATGCCCCT
CTCGI GCAGCCCCCGEGACCCAT GEEGTAGAGCTCCAGCT TGAGCCCCACT GEGAGCAT GOCGEECCCTGCACTGT T
CCCTAGCACCCTGCACACT TCCCACAGCCAGCTGGT TACTCAGAGECCTGGACCAGCAGCTTCTGAGCGGATAGT AA
CAAAACCAGCAAAAGCAGCT COCGGT ACTAGCGCT TTCCCCCA*F GBCCCTTGTGTCATCCTCACTGT GECCCTGT GG
GGAGGGACCCTAGI TGTI TCCCAT GGT GCAGACGAGCCAGCGAGGAAGGCT GGAGCAGCCGAGGGECT CCTGECAGT GG
GGGCAGTGGECAGCTAGCT CTGCCCAGGECT ACCCT GGAGCT CCACCAGAGGECGEEAGAGGT GGCAGAGGACGCCCA
GGCOGAGGEGCCCCT TCATGCTACCTCATTAGSGECCACT CCCAGCAGCCTAGGEST TTCAGGEECATTGCTAAT CAAAG
GCAGGCCAGCCGGET GEEGGT TTAGAGACAATTACCTCCTTTTATGCCT GT GGAGAGGT TGAAGGEGAACCTC
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>NCL_C9
TGTAGATAAAGCTATAGAGAT GCCCACACAGCAAGT AAGAAAGAGAT TGAGACT CCT GTCTCCTGGGAGATTTATTT
CTGCAGGTTGGTTTTATCCAGCACAACAT TTTGTAATTAAAAGAAAT AAACAT TTAAAGT TTTGATTGAAATTTATG
ATCGTTACAGGT GT TCTCCAT CAGGAGAT TCTAGAGGT ACAGT T TGGCAGAGCAGGGAT TGGAAGTGTTGTGATCTT
GTATAGGTGTTAT

>NCL_C10

GAGCT GEGATGCCTGECT TACTAGT GGAAGGAAGAGAAGGAGGGGCT GOCGERCCT TCAGACT GBGCAGATACTCAG
AGACAACT AACCGT GAGGACAGT CTAGATAGAGTACGACAT GAGT GACTGGTGCACAAGT CCCCCTGTGCCCTTCCG
CTTCATGACCAT CAAGGCAAGGCCTCCAAAAGCAGGCAGGGACAACCT CCAGGCCT GAAGAGCT TAGAT GAGGAAGA
AGGAAATAGTCTTCACT GTTGGGACT TOCCTGGTGGTCCACT GECT* * AAGACT CTGAGCTCCCAAT GCAAGGGGCC
CAGGT TCAATCCCT GGT CAGAGAACGAGAT CCCATATGCCACAACT* AAAGAGCCCACAT GCCGTGATGAAGATCCA
GTGTGCCT CGATGAAGACCT GGT GCAACCAAAT AAATAAAT AGAT AAACAT TTAAAACAAAAAAAAAAGGT* CCTCA
GTGT* TCTGTTCTGGAAACCT TCAGAGCACGAT GT TTGGTAGAGAAAATAAAAGGCGT T T TGCAAGT CCGAGAAGCA
CTTAGTGT GAGT CTCTGGAAGCT GTGGAT ACCAAGCAT GTAGT CAGGGCT CGATGACTGT TTCCTCCTCCACCTCAG
GAGGCACCT CAGTCAACAGGGAT COCT GCCAT GAGT CCAGCCTGGCT GAGAAGAGCAGAAAGAAAAAGGGCAGGT GC
AAGGCTGACACCCAACT TGGGAAT CAAGACTGGTGAGCGTCTGT CTTCTT TGCT GGGACT CTGAGCACACGAGGCAG
ATCACGGACAGGGAAGGCATCCT CT* COCCCAGCCCTGT OCT GGGGAT GAGCAT OCT CATGCTAACCCAAGTACCTG
ACTCCTCAGACACAGAGCOCCCAGACT GCCAGCTCT AGGOCCCAATCATCAGAAACT OCT GCT GAGAACGAT GGAAG
CACAAGGGCAGGCAACCCAAGACACGGAGGRCCT T TTCTCTCCT CCACAGCT T TACAAGCCTACCAT CTGGGAAAAC
AGACACCACAACGGT TGGAGGGT ACACACCAT ACAGCGCAT AATATGCAAATGAAACAT TCAAAGCAGT CAGCAGTA
CCTGCAGGACT GOCT GGCAGAAAAGGAAGGT GT CT CAGCCACCGT GCAGT CAAGCAGGGACCTATGAAT GAGGACTA
TAGAGGGACTGA* TTTTGGT TCTATAGGCACAATGGTGAAATAACCT GACATGATGAGAATTTTAAACAAAAAATAG
AGAAAACAAAAGACAAAAAAAAAGAGGAAAAAAAGGAAAGGCAAT TTGAAACT CCAGGH AAAAACAAAAGCAGTATA
AGAAAGTAAAT GTAACT TTTAAACTTACT GGACTCT GTAGGGAACAAT AT TTACAT GGCT TAACGAATAAAAACAT T
GTATATTGATTTTC* AAAGT TTAGAGT CAATT CACAAACAAAACATGGAAGAAAAT TAT GGT TAAGAAACAGCAGGT
AAATACTGTCAACCT TGACAACT TGAAAGT AAAACT AT AGAT GACAGGAGCTAGGGAAAGAGCAAAGAAAGCT AAAA
CTAAGGGTAGGAGT CTAACAGTATCCTTT TG AAAAGGAAT CAAGAGATACTGCCCT TATTTTAAATTAACTATACT
TCAATAAATAAATAAACTTTATTTAAAAAGH ATACTGCT TTATAGTTGACCAAAACH AGAAATAATGGTATCACGTA
TTTOC TAAGGCTACAGAGGT AACAAAGAGCAAAACTAAAAAT* GGTCF AT* AAAAAGH AAACT* AT* CTTGTGAAG
ATGGAAGAGGT ATGAGTAAACC AAAT CATAACAGGATAAT TAGTAGGTCAACATTAGCT TCAGAGGCTAAAAATCG
ATAAACCH AAGAAAT* AGCAGTTGAGT GTAGCT CTTGT GTGT GGACT CTGGAGCCT GOCT GGGT TCATATCCCAGCT
CTATCACTAACCAAATCATGAGCAAGT TACCT CCTGGGCCT CGACGT TCTCAT CT* GTAAAA* TGGGGG ATAATAG
TATATCCTACT TCAAGAATT GTGGT* CGGGAAAAAAAAAGT TGT GGT CGAATTAAATTATGCH AAAAACATTTTTCH
AATGCAAAAACTT* AAGH AGTAGGGCCH TAGT CCACAGAAAGTGGTATGTATGTAGTGTTTGTTACTATTATTTAGA
GATATGAATTTAATTCT GATAGAAACAGCT AAAAGAAGCTAACAT GGT TGTCTCTGGTACTAGGGAGAGGTGH AAAA
AGAACCACTGCTTTTTACTCTAAGCCTGTCTGTGCAA* TTTTATTTAATCATGGGCATGTACTACTTTGATTATAAT
ACAAGAAACTGT TAACAGAACACATGAAAACT GGAAAAGAGAGT GAGCACT TTGTCACT AGAGGTGT GTAAGCAAAG
CATGGATGGAGCAGAGGAAAT CCAAACAT CCT AGGAGGT GGACAGGGT GATTCTGCCTACTGTCTTGTGCAGCAATG
AGACT GAGAACAGGGGGGCAATAAGGCAGGGAGGT GAGCAGAGACAT CCT GGAAGAGAGCCAGCCCCTTATGCAATC
CCCAGGAGCAT CCTGGT TGGT GGGGA* GCT CATGCAGGAGT AGAGAGGGACAT CACACCT GAGCTGCCAGAGT GCAG
CAATAAGAACAGAAACCACAAGCCCTAGGT TTAAGCCCT GGT TCT TGCCAGCAAGT GATGTAACCT CTCCAGGTCTC
AGTTTGCACATAACAAAATATGAAAAGH CCTGAGT AAGACACTGCGCAAGT AAAGH CBGT GACCACATCGGATGCTC
ACAGACGGCTCT AACTGGACT GCCACGGT TCAAGGCAAGGACT CCCACCT TGTAGGGGAT CCAGAACCCAGATGTGC
TTTAGCAGCAGGAAGAGCTACTCT CAGOCGAGT CTCTCAGAT TTCCT COCT TATCCCAAATCATACCACAAACTTCC
TAAAACTGACT COGAGCACACTAGTGCTGGAAAACCTTCCATGGCT CCOCT GTGOCCTACAGAACAAAAG: CTGCAC
CCTTAACCGGCCAT TTAGGACAGGAACTAGGGT GAGGCAAGT GAGACGOGT AGGACCCAACAT TTAAGGAGGCACAG
GTGGGCCAT AGAGGACT TCT GAGCACTAGCAT COCAAGAGT GAGCTTCOCCTTAAAT T* TTTTTTGCACT CTACGCT
CTCACTCTGGTCOCAGT TCT GCTGOCATTAAAGGCCCT TCACAGT CTTGCCACT GTACACACAGAAAGT GOCAGCAA
AACTGCACTGCT TGCCT TTCCCAAGCT TTCCAGGAGCT GAAATCGOCT TTATTCCTCTGT CACCTACTGAGTATTCT
GACAT GCAGCT TAAGOGCCACTTCCT CCAGGAAGCCCT CCAAGT CGAACT TTCAACT CCTGECCTCTCTTCCTOCCC
GGTOCTACT GGACT GTGGAGCOCT CCGRGCT T CACT TTACCCACCOCT GGTACAGCGCT GRGGCACACAGAGATGCT
TAATGAAT GCCT GCTCTATGCAAT GAATGT CT GTGACCT GTAAAACGGAAT GAAGACAGAGT GAAGT GGAAGATTAA
AAGGCAGCTTCTGTACCT TTTCCT CCGOCCCAAGT GOCT GGCCT CAACTAT CAATACAT AAATCAGTAACTTTCCCT
TGCTGAGAGAAGGGAACAGCAACAGT GTCGGT AAAGOCCTTCCT CGT TCT TTCTCT GGAGGGGAGT TTCCACACTTC
GCTGTCTCTTCTATTAGCAT TCCCAACAT TCT GAGT TCCTCGGAGCAAGGAGT GAGCCT COCGT TAACACCAGAATC
CAAATTCTAGT CATGGT TAGAAGGACT CT GAGAACT TGGGT TGGT GCCOGGGACTTGCAGRCGCT T TGGGAGCCCTA
TTTGAGOGGCAGTGT OCT CT GAGCT TGOCGOCACCGOCCOCATT COGAGT TTCT TGGAT COCAGAT GAGCGATCOGTC
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CCGGAGCCAGCCAGGECCAT GAGGGECCGCT GAT CACCGT GACT GAGACT CCCGEGTCCCGEAECT CTCCCAGGAAGCC
GCGGAGGCGT GGCT CAAGCGAGT GEGCGAGGAAACAGCT GCAGGCGT AGCGCT GGGAAGACCCACCCGEEGEGT CCGGG
GT CCACGGECCCGOGEECCCEGACCCCCCACCOGCCCGATCACGTGGL

>NCL_C11

TTACAAGITGTTTTTTTTTCAGACAGGCAGTCTTAGATTTATA* TACAAAAGT AAAACT* GAAAATATAGTTTTGT T
CTCTGTACATTTCTTTTAA* TTTTTCCCTAAAAAAGGAAAAAAAAACH ACCCTTGT GTACTTTTCTAAACAGAATAA
GGT* AAAACATAGCACAAAGT T* CTCTTCTTTCTGCCAAGT TCCTTTAAT CTGGGGT GGCGAT GGGAGCAGCAGGGG
CGTGGGGATCAGTCCAATGAAATAAT GTCTGGT AT GAT GOCAAAGAT GACTGCTGTGTCCGTGCTGCTCCTATTTGC
GACAGT GT GBCCATGGECTCTCCCT TAGCCTGT TGGAGGATACAAGECTGCTGT TACTGCCACTACTGCTTCCGT TGG
T* GGT TGGCAGAGAAGT ACTGCCTCCTGCACT TAACTGATCGAGF AAACAT CTGTGAGGAGGCATACGE AAAAAAC
CGAGACGAGT GTAAGAGGTCTTGATCATCT GAAACT GCTGCT GCTGCAGCAGCAAGGAGGGAGGT GTTATAATCCTA
GGGAGG AGGAAAAAAAGACK AGAAAATAAAGT TAATTATTGTCATAAATTAATAAACT CTCTTCTCTCAGCAGAAC
AAAGT* CCTAAATTTAACATATTCTAAGTACCTGGTGI TTCTGAAATATT CAGTAAAACATTTTGCAAAAT* CAAAT
GGTGITATATAATGATCACATCATTG ACC TTTTTTATTTTAATTTTTATTAGCATATCACTGAGCCA* TTTTTG*

TATCTGAAACT* GGGGAC GGEGGTCAAAATATTGGTTTTTGTTTTAA* TCTGTACTGCAAGCAATTCTCATAATGC
TATTCTTAAAGAGGCATATGAAGGAAAGACGACAGACTACGT CCCCT CCAGGAGATATCTGGCTAAGAAATTTGI CA
TTCAATATGACCCACTGCCTGTITTCTTTATAAAAAGTACTGGGAAACAGACACTGTACH TTAATATATTCAGGCACA
GTTGAAAGAAAGGGACTTTTATTTAAATTTTTAAAACCT TAAGAATAATGAGT ATAACAACTCTGAATTTTCTAAGG
GAATTTATGCTCTTTCTCTTAGCTACATATTATACTTTTAAGC ATTTTCATGTAGAATTAAAAGATCAA* TTTTTT
TTTCATATAACATACCT GATTGT CTCCTGATAAGAAAGGAAAGAAAT CTAACCCTGCAG: AAGAAAAAATTA* TTTT
AGT T* GGGGGEGEGEEGAAAAAAAAAAGAAGAGCCT CCCAAAT GCOCCAACACTACAAAAAT AAAGACAATATCTTAAAA
GCGAATTCTAAATTCATTTAGCATTTTATTTAAACATGAAGAGT TGAGCTGAATATTTTAGATCTCCCCCATCTCTA
GATTATAAAGCCTGGAGT CCAAGT TTCAGCAAT GGT GT GCACT CCCGGTGATGCCATCTATGGGACT TGGECCACT G
CTGOCCCATTCAGAT CCAAACACCAACCCCTTAAACTGACT GAGCACT TTGCACCAAAT GCTCT CACTGGCTCCCAT
GAAGTTACCTTTCAATCTAACCTACT CCACACAAGGACCTCACGAGGTATGCAGT TCTATTCGGTCTCATTTTGCGG
ATGAGAAAGT TTGAAGT TAAAAGACGT TAAGCAAGT TGGAAGACAGAT TGGCT TCCTCAGATTCCTTCACTTCCCAC
TGTCTGTACTGGAT TCTAACT CAGAGACT AGT GACACAAGAGEGGAAGAGACCCGAGCGAGT GTCTCECTGGECGT GG
AGGACCAGCTCTCATCCCTGGCT GCAGGGAAGT CACTGT AAGCT GBCCCCTTCCAATTCACATTCTGGT CCATACTG
CCCAGTGT GTAATGT GATGAAGAGCAAAT AAACCAATGT GAATAAAAT* CCCTCAGTATGACATCTAAACTTGAAGA
AAAGTACAACACACAGATGTAGATAAAAATAT GACAAT* ACAAAT* ACTT TGGGGA* TACCTCCAAAGTATGGCAGG
TATCCCACTCCATTATTCTTGOCT GG AAAAT CCCATGGACAGAGGAGCCT GGCAGGCTATATAGT CCATGGGGT CA
CAAAAGTCTAAACTACCACCACTACCACTAACTACACTAGAACAGAT TATACCATAAGGATCTAAAAATGTATAGAA
CATTGGTTCTTGACAGT GAGT TTGGCAAT GGGCAGT GAGAAACAGGGT TACACTGACTAATAGAGTAGCTACTAACC
ACCTAATGTGGCTATTTAATTTACTAAGATTAAAT* AAAAT* GAAAAACT* CAG* TTCTTTAGT CACACTAGCCACA
TTTATATGCTCAGTAACCACATGTAGCTCAGTAGCTACT GTACT GGBCCAGATTACATTCCCCTA* GTTGCAGAAAGT
TCTATTGGACAGAGCTGAAACACGGT TTTCACAATATTCACTAAGAATTCACT CAAATAATCT CAGCTCCCAAGAAT
CCTTGCCAGTGACCCTGTAATTTTACTGTAGAGAAGGGATG GAGAGAAACTTCCACTCTGI G TTTTTGTATTATA
TTTTCTACAATGAGAAAATATGGCTTTCTGTAATTTAAAAAATGT TCTTAGATTATATGGCTAATATACAAAATTAT
TAAATTGCAAAGATACATGACAACAGTAATTCH TTTTTGATAATATAAAT GACTATTATGAACTCAAAATACATTGT
AGAAATGATTATAATAACATTTCAAATTACTTTCAAAAAGAAGAAACCGGGTTCACCAGAACAAAAATTAAAACTTT
CCAATGTTTCAGTITCTGCATTGTCTAAAAGATAATA

>NCL_C12

CTTAAATGAGAT GGTACATGT AAACAGCT GGAGGAGT GCCT GGAATGT AGAAAGT GT TCGGT AAAGCCTAGCTAGCA
TCATCCATCQCCATGITTCATGCCTTTCAGCCACGT TTGCATCCTCT GCTCCAT CCGATCTCCCCGT CACCTATAGA
CTTATAGGTGAGAGCCCAGIGTGATTGTATCTGT TGAGTATTTTCCTTCTTGAATCCTAGAGAAGCAACT GT CAGGG
CAGACGGAGT CCATCTCCGATCCCTTCCCCCAGBCCOCAGTACT TCGAGCCAAACCTTTGCCTAGAACT TAACCATG
TGTGTTTCCTCCTGCCCACAAAT TCCTGTGGECTTGT CCT GGT GGGGAAT CT TCCCAT GGAGGAGAGGAGGGECTGACT
GCTTTCGTTTACTTCTTTCCCAGGCACAGCTCCGT CAAGGCT GACGAGGECTGCTGECACGACTCCCTTCCACCTTGA
CCTCTGGTTCTACTTCACTCTGCAGAACT GEGT TCTGGACT TTGGOCGOCCCAT AGCCAT GGT GAGCAT GAAGCT GT
GGATGGAA* CCCOCCAACT GGCAGTGT GGAGACAGT GT GGT CTGAAT GAT CAGAGT GACCTCAGACAAGCCCTTGCC
CCTACTGGTACACTGTGAGAATGCGGT CCCTTAGT GCT GOGGCCGTACCCAGT GTGGCAGCT GCCAGAGAGT GAGGG
ATCCGAACAGT CGTACT GTGGT GT GACCCCACCACCTGCCCCAGT AT CTCGCATTCAGGT TGAACCAAAGCACCAAT
TCAGACAGT GGAGTATGGAAAAGGAT CCTACCAGT CTTGCCCACAGCCTTGGATAGAAT TG TGTTTTCTGGAGGTG
AAGAGT ATGEGCTGAGT GTGCGT GTCATATGI GCCT TGAGCCTTGGGT AA* TTTTTAGT GTCGT CTCGT GAAACCGT
CCCCTTCT CTCCAAGGCCACCCCATGCCT CAGCGT ACAGTGGTGGCCT CTGTGGAGATTAACACTGGAAGAGCACCA
AAGCCCCT CACT TGATGAGCAGCT AGACAGCT AGAT GGATAGACAGAT AGGTAACAGAAGGT GAGGTATCACCATGT
ACTGAGGTGTTAA* TTTTTGCATATGGGT GGT* AAAAACAACAATAT CCAGCT* CTGAAGCTGACACCTTGTACATG
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CGAGT GATATTGCAAAGT AGCAAAGT CCTTTGGGAAAGCAGATGGTCAAGGTGATAACTGGTACT TAGATAGT GCCT
AGCAAGATATATTCCTGT* CCTAAAGGAATAACAATAATTACAGT AAGCTAGAAGTAGCAGI TAAGATCTTTATGT G
TTTAAACTTCTTAATT* CTCCCATCAGTGCTATTGT TAATCTCGGT TTTGTAGATGAGAAGACT TTGGACAGAGAGG
GT AAGT AGCTGGCT CGEGGT CACCCAGT CCGCAAGT CGAGGAGCCAGCAT CTGCCACCCCCACCCAGECACTCTGEC
CCCAGAG" CCCA* CCCCCCATTTCCATCATGATTGTAT TCAGAACCCTAATATGT TCATCCCGCCTGECTCAGTACG
ACCCTTTCCTAGAATCT GCCCTGAAGATGT AAT CACAGGCGAGAGCCT GT GCC* AAAGGTGT TCACTGCAGTGITGC
TCACAATAG" CCAAAACCTGGAAGGGACT TGAGT GT CCAGCAGT AGGGACT GCGTAAGT CAGCTTTGCTCTATGCAG
GATGGAGGATGCTGT CTGEGECAGT GAACAGGAATTGTGGGTACTATAGAGCAT TCT GGAAGGT TTAAGGAGAAAACA
GATGCCTGGEGT GBCATGCACATGAGCT GCCTGCCAGT CAGT AACGGCCCAAACGAT CTTATATACGT GGGATCCAAG
ACTTCACCGEGATGAAGAAAAGCT GCTCECAGT GGT TT TGEGEGAGGAGGT ATGGTGGATGCTGAGT CTCCTTTCTGT
AGGC TTTTGGTAAGGT TTACAAGCT GTATTTTAAATGT AAGT GAAGAAAAGGGACT GACCCAGGAGTCAGEGCACC
CAGTCAGGT TTGTAGGT GAT TTGGEECAAGT CTGI GT CATCT GCCGAGAAGGECAAT GBCAACCCACT CCAATACTCT
TGCCT GGAAAAT CCCAT GEECAGAGGAGCCCTGGTAGECT GCAGT CCAT GGGAT CACTAAGAGT CGGACACAACTGAG
CGACTTCACTTT* C* ACTTTGCACTTTCCT GCATTGGAGAAGGAAAT GECAA* CCCA* CTCCAGTGI TCTTCCCT GG
AGAAT CTCAGGGACGCEEGEEAGCCT GGT GEECTGACGT* TAT GAEGTCGCACAGAGT CAGACACGACTGAAGCGACTT
AGCAGCAGCAGCAGCAGCAGTATCATCTGECCTTTGGT TCTCTCATCT GTAAGAAGACT GGT TGGACCAGCTGACCT
GAGCCCCCT TGCAGCACAAAGGT TCCAGGEGCGACAAAGGAGCT GCCCAT CAAACT GGT GT TCCAGEGAGAGAGGAGAT
GAGGCCAGGGTI GECTCGT GECTCTCCTCACTCACT AAGACT CAGCCT CATCTGGECCT AAT AGGGECT CCCCAGTAGEG
CAGATCACCTCCCGCCATCCTGCT TAGAGT CGCTGT GECCGCTGT AAGCCT AAGT GGECT CAGGAGGAGCATACATC
TGAAAAGGT CTAGTGTATACATGAGC TTTTCAGATGTATACATGATAGT CTCAAATTT TTAATAACTGCAAAATAA
AACCTTTTACAAGT TATAAAAGTAGTATGT CATGGT TCTATAACAAGT AAGT TCATCCCCAGTAATATAAAGAAGT G
TGAGACTCCCTTTGCAGTCCCACT TCTGACTGT TTGEEGCGECATCCTTCCACT CCTTTCTCT GCTCATGCAACACAT
GIGTACATCTC* TTTTTTCCCCTCTAACCAAAATAAGATTTTACTTTATACCTTAGTCTATAGCTTACTTGITTTAC
TTTAGACTGITTCATGGATAGCT CTCCATGTCAGCACATACGAGGTGTCATCTCTGI TCATGGT TGCTTAACCTTCT
GTAATAAAGAGGTGCTGTAGTGTATTCAAGTAGTCCTGT TTGGT TGAAGAGT TGRCCTATTTCTGATTCTTTGCTAT
CACOGGGT GTTTCGECCACCTGTATATCT TGCT GTAGATAAAGCT ATAGAGAT GCCCACACAGCAAGTAAGAAAGAG
ATTGAGACTCCTGT CTCCTGGGAGAT TTATTTCTGCAGGT TGGT TTTATCCAGCACAACATTTTGTAATTAAAAGAA
ATAAACATTTAAAGT TTTGATTGAAATTTATGATCGT TACAGGT GTTCTCCATCAGGAGATTCTAGAGGTACAGITT
GGCAGAGCAGGGATTCGAAGT GT TGT GATCTTGTATAGGT GT TAT CACACT AACCCCGACAAGGCTGGACTCACT GG
GGTAGACCAGT AGGAAGAACAT GGGAAGT CCAGACAGAGGAATGGECCCTGECCT G CTCAGCGAAGGTAGGAAAGEA
AGCACTGAAACTCCGT TTAGAACTCACTTATTTTCTCCTTTGI TGCAGAAGGTATAGT TCTGACCT GAT TGGGAAGT
GGTCCATCTGCT CAGTGGACAGEGECGT TTTTCACACCT GEGTGGTCAGCAT TTCTTGTCATCAT TCTAAGGAGCCAG
ACCACTAAGCGTCCATGT AGACCATCT GGGCCACATTTCGT GTTACAGAT GGGGAAACT GAGGCAGGAAGAAGEGAA
GAACT TGCCCTGEEGTCACCCAGAAGGT TTTTGECATCCTTGAGT CCCAAAGGATCT TCCAACT CCCAGGCT GGT GG
GTACCAAGGGACCT TTACTTAGT ATCCACAGGAAGAGCGGACACAGCATCAGACTCTGEGT TTGTACCTGCTGTGTGA
CTGGGEGACACGT CTACCT TCTCCGEGACT CAGT TTGTCTGGAAACACCT TCACCT CAGT GCTGCCAGGAGGATTCCA
GGAGATCACAGAAAGAGCACAGT GTGT GCAGAGECAGT TCT GAGGECT GCGTGEGT CAGGCCTTGTAAACTGCATTC
TCCACTTACTCCCCACCTGGTGT TCCCTCTCGAGT GGT TTCCGCT CAACAAGCCCAGOGT GGGGGACTACTTCCACA
TGGCCTACAACATCATCACGCCCT TCCTCCTGCTCAAGGTACTACCCCAAGCCCCTCCTCTTCCTCCCTGCCCTCGT
TCC TTTCTCTGCT CTGCOGCTCAGCCCT GEGAGT GOCCTGAAT CAGGCCGT CCCCT TGCCT GACT CTGGEGEGCCGA
AGGCT ATGACAGAGGGGATGT GI CAAGEGECCT GAGGECCOCAGEGEEAGECAGEGECT GCCT CT GCCT GEGAGEGAT GG
AGCAGACT TCCCCAGCGAGCCGEECATGT GATTTGGGACT CCACCT GAT GTGCCT GEGGEGT GAACT GGGAGAGACCTTC
AGGCOGGGAGTAT CT GAAAAGAAGGCT GEGCT TGAGGAGCCGT GI' T TGGEGAGGECT GAGGCGGAAGGAGT GBCTCCECT
TGCTCAGGAAGAGGT CAGGGACCAGT TGEGECAGECAGGT GEGEEGECCGGAGCGAAGGAAGGGECAT CAAT GGAGGEGTGAA
CTCTCTCCT TCGGACCGAGAGCCCTGACT TTGAGECECCACT GGGAACAGAGAGATGTCTCCTAGAGEECTCTCTGC
TCTCCTGECTTTGCATTTTGCCAAGT AAAGECTCT TAAAACTACTGCTATTTACTATCCCCATCCTTGIGITTTTAG
* AGACATTTCCGAACT TCCT TGGT GGCTCAGACGGT AAAGCGT CTGCCTATAAT GCGEGAGACCCGGT TCAGT CCC
>NCL_C13

TTTCATTCAGCCTCCATGACCTCCCCT GAGT TCCAGTCAGAT TCAAGCAGCTGT TATTTAGGGAAGAGAAGGGATGC
CAGAGGGGEGAGAAACAGT CAAGAGCACCCT TTGEGECAAGGT CCTAGT TTCCGATCAAGGAATACATACAAACAGT TC
ATATAAAACTTCTCACTGTCTTCTCC* AAGTGAGGACACATGGT TTGAGGECT TTAGCCCACTGIGTCCCCCTTTGC
CTGGCAAAGCAATAGAGT TATCCTTTTCTGCTTCACCCGAAACT GTCTGCAAGATTTGATTTGGCACAAGT GTACAG
AGAAGCTGAGCT TTTGGCATCr AAAATGTATTATCATCTCAACAAGT AATCATTATTAAAATTACTGAGGTTTTTTT
CA* TATGAAGT CCTCAAAATTCAGTGTATATGT TACACH TTAGGEGCACH ATCTCGECTGCTCCTGCTGCTGCTGCTGC
TGCTGCTGCTGCTGCTGCTGCTGCTGCTGCTGCTGCTGCTAAGT CGACT TCAGT CGT GTCCGACT CTGTGCCATAGAC
AGCAGCCCACCAGGECACCOCCOGT CCCTGEGAT TCTCCAGECAAGAACACT GGAGT GEGT TGCCATTTCCTTCTCCA
ATCCATGAAGGT GAAAAGT GAAAGTGAAGT CACTCAGT TGTGTCGACT TT TAGCGACCCCAT GGACT GCAGCCTACC
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AGCCTCCTCCGT CCATGGGAT TTTOCAGGCAAGAGT ACT GGAGT GEGGTGCCATTGCCT TCTCCAGCACATGTCGT T
ACAAGACCTCAATCGCCACATGI GTCTAGT GCCTGATAGAGT GCGCAGT GCAGGT CTAGAGCAT GAAAAAGGAAGT G
GCTGECTGAAGACTATGT GCAGT TGCCTCT GSGTGGECATAACAT TAACTGCTAAAACAGAAATACCAACTTGTGI CA
ATCACTTCCTGTGACTGGTGAAATTTGACACCAGAATTCCTGTGAGT G ATTTTGATGACTGT CATGAATAT TGAGT
CCCTATTTTAACACTGITACTG AATTTAAAATATTCCTGTATATTACAGGACAGACATTCATTAAAACAGTGGTTC
TAATGCTAATGCCTACGAAACAACT CCTATTCCATAAATATTAGAAGGGGAAGT TAGATGT GT CAATTACCAAGT TGT
CGTTTTAGI CAATAAGI GTGTCTGACT CT TGCGACCCCATGGACT GT AGCCCACCAGECTCCCCTGT CCATGGGATT
GCCCAGGCAAGAATACTGGAGTGT TGCCATTT TCCT CT CCAGAGGCT CTTCCGT TAACCCAGGGAT TGAACTGCATC
TCCTGTATTAGCAAGCAAATTCCT TACCACTCAGCCACCAGGGAAGCCCCATTGCCAAGAGGGAAGCCAAATAAACA
AGCTTATGTTCCATTTGT TAATTTAGAAAT GAATACCT TGGGAAATAT TGGAAAGT TCT GAGAAATAAAAATTAACA
TTTAAGAAGGTACACTTTTAAGT TTGCAAAAAT GCCTACACAGGCAAAAAGGAAGE AAAAACH AAAACCT* GGACA
CATAGT TGCAAGCT CCAGGT CAAAGT ACT GTGCACCTGAGCTGCTCTGGT TGT GCCTGTAAACACT CAGH AACAAAA
AACCCTGITTTAC ATTTTG* CATGTGTTTCTATAGAGGAAATTGCGT GCTGCGAAAACT GTCATTAAGTAGGGTTT
TATTTTTACTAGCCTTTCGAATTCAGGTAAAGAAT CT* CCCTGCAAT GCAGGAGACCCAGGT TTGATCCCTGGEGT CG
GGAACACCCCCCTGCGAGAAGGGAATGECTAACCACT CCAGTATTC TTGCCTGGAGAAT TCCCCAGACAGAGGAACC
TGGTGEECTATAGT CCAT GEGGT CGCAAAAAGT CAGGACACCAGT GAGTGACAAACACT TTCACTTTCCCATTCAGA
AGTT* ACAAAAGT TT* ACTGGCAGACT AGCCT GCCATATAGT GGTAAGAATAGGAAACT ACAGECT GT* GTTAAAAA
TATTTAATACGAAGT AT TTGCTATATCAAAAT AAT AAGT GCAACAGAAAAT AAACACCT GGAAATGCACCAT CCAAC
TTAAGAACTAGAACATTACCTATAACGTATCCATCCATCTGTATGCCTTTTTCCTATCT TATCCTGCCT CACCAGAG
ATAATACTGECTTGAATTTTATGI TGACCATTTTC TTGGT TTCTTTAAAAGGT TGT TTTATCATTTCTGTATCCAT
CCCTAAATGAAACATTGTCTAATTTG CTCATTTGACCTTTATAAAAGT GG CATCATGATTTTATGTAGITTTCAG
CAACTTGCCTTTTTCATACATTTACT TGACCATGI TACATGTATACCT GGAGI TGATTCACT GTGAAAAGAGACAGC
TATTTATTTATCCATTTACCCATTCTCCTGTCAATGGACATTTCATAGCCTCCAATGT TTTACCATCTTAACAATAC
AGCAATGAATATTTTTATCCATTTTTAAGAATTTCTTTGTAATATGI CTCGTTCAGT TTTACAAAATACATATATAT
AACCAAAGTGTCTTTCAGAGT TGTGCCAATTTACACTCCATTTGT TGTATATAAAAGGT TCCACTGATTTTCATCTT
CAGCCGTACTTGTTGTTACTAAATGT CTTAAATGI TCCCGATGGAGT TATTGECTGTGCTGGATCTTTGT TGCTGT G
CAGETTTGOGT TAGT TCOCACCAGT GEGGECTACT CTCTAGT CACGGCT GEECCT CTCTTGTAGGGCACAGGATCC
AGGACGCGT GECTTCAGTAGT TGTGGT TCCCGEGT TCT CAGT CGCTGT GECCCGCAGCT TAGT TGCTCTGT GACCT
GT'GGGACCT TCCCAGAT CAGGGATCAAACCCATGI CTTCTGCAT TGECAGGCGGACT GT TOGCCACT GAGCCATCAG
GGAAGCCTGGAAAATCAGT TATATCATGECGT TGACT TGTATTTTCCCGECTGT CAGTGAGGT CAAGCATAGT TTAA
TTTAAATGGECGATTTATGT TTCCTTTTTCATAAAGTGCCTATTCACATCTTGCCCATTTTTAACTGGI TTGTCTTT
TTCTTATTTTAAGCTTAAGATCT TAATCTGRAAATATATGT GTGTGTGTGTGT GTGTGT GTATATATATATATATAT
CTCTAGITTCTAGTATTTAGCTAACTTTGGTGCTATTGT TAATTTAACTAAGI TTGGTTTAGGTAAACTCTCTGATC
AATTGTCGTAATTTTATCCACAGATTTCTTTGGAGGECTTTCTATATATACAATTATGITAGCTG

>NCL_C14

AAAAATTAAAAAAAANAAAAGAAAAAAAAAAAAAGT AATAAAATAATAACGT G TTTTTGGTCATACTGGAGGECTA
TGGTCCATGCAGT CTCAAAGAGT CGGGTATGACTGAGCAACT AAGCACATGI TAAATATAATATAGTCACACCATTT
AAAAATATGTATTTGAGTATAAAT TAGCCCACTAGCCT CCTGT GT CCATGGAATTCT* CCAGGCAAGH AATACTGGA
GTAAGCTGCCATT* CCCTTCr TCCAGGGGATCT TCCTGATCGAGGCGAT TGAACCCT GGT CTCCTGCACT GCAGGCAT
CTGAGCCACCAGEGAAGCCCCOGTAAGTATATATATTAAATATAAAAT CTAAAATAAAAT CTTAGAATAAAAATT* C
GATATTTGI TCTAACTATGCTGCTTTCGATAAT CTGACT CCCCACCAACA* CCCCCA* GATTTTAAAAAGH AACCTG
GITGTAATAACAAGGT CAGCECTTGT TGGCTAACAGCT GT CAAGGT AGGCTGCATCAATGGTGAATGT TTACH AAAGTA
GAATATAAAGTAGAATTAGT GTTTAAATACCCATTTCATTTAGAATAATGATACTGCTTTTAATATCTTTATTCCCA
CCAGTATGACGAGATAAGCTACT CTAGAGT GAAACATCAACCTGTGTAACATGT TTAGCTGTATTATAAAGATTCCT
GAAATAGCCAAAGT CCTTTAACAAGAGAGGAGCTACATTTATCACAACTGTACTCTTTTAATGT TGAAATTTCAACT
TTCCTGTAACTACAAATATACTCAAATAGAAGATCTTTTCAT TTCATGAAAC AATATCAAGCCT* GAAAATAATCT
GACTGCAAGCATCAAAGTACCTGT TCTTGGTCTGGTGT TAACTTTCCCTCT TAAACCTTGAAATCTGTATCAACGCT
TTCTGCAGACTTTTCTCCTCTCACTTAAATTCTTCCT TCAGGCACTAGTGTGT TGGAATATTTTCTAAATAGCTCCT
ATTCAATTACATCAGGCCACATAACT CTCCTGATATATACCTAAAAGGGEGT CACATCTATTTCTAGATTTACCTTTT
GIGTGCTACAACTGT GCCTCAGCAACACAAGACGT CCTTT* GCTGAGATTCTCT GAAGT GTCTCAAGAGA* CCAACA
GICTGTTTAAGAGTATGGECTATAGAGT CCGCTACH TTATTTTACCATCCTCTTCAAAATGT TAAACTCTTTAAGSGT
GGGACTGTACTAACTCACTGTATTACCATTTATGI TTAGCACAGGGT GTTTTACATAACGCAGATAACAACGTTTCA
TGAAGT GAACT GAGGCATAACCAAGGGACATTATTATTGACGT GAGACTAAT GGGAAGT ATGGGAAATGAGCCTGCA
AAATAGAAAGCACT GTGTACT GCAGCGTAAGT CTTGGACCACT TTCAT TGCCAGT CTTGCACATCCTGAGCCAGGT T
TAAAGCATTTACCTGGTATTTCTCTGCTTTTTGCT TAACACACT CAACTTAGGGT TAATTTCACAGCATACACTTTC
TAGTTTGAATAAATATTTAAAAT CCTATGACCAGCAT TAGGATCGCCT GAGAACTCATTAGGEGCTCAGACGGT AAAA
AAAAAAAT CTGCCT* GCAAT* G TAGGAGACCCAAGAT CAATCCCAAACATTTTCTGI TCCTATTCCTGAATCAGAC
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ATCGAGGT ACAGGAGAACAGT GTGTTTTAATAAGCCCT TCAGGT GAT TCCGATGCATAT TCAAGT TTGAGAAACACT
GTACTAGAACCATCTTTTGGTATGAT GAATATCATATCCAAGT GACCCCT TTAATGCAT TAT TCCAGCCCCT TAAGA
AAAGCAAGAGT TCCAGAAAAACATCTGTTTCTGCTTTATTGACTATGCCAAAGH CCTTTGACT GTGTGGATCACAAT
AAACH TGT* GGAAAATTCTGAGAGAGATGGGAATACCAGACCACCTGACCT GCCTCT TGAGAAACCT ATATGCAGGT
CAGGAAGCAACAGT TAGAACT GGACATGGAACAACAGACT GGT TCCAAAT AGGAAAAGGAGT ACGT CAAGECTGTAT
ATTGITCCTCTACTTATTTAGCT TATATGCAGAGT ACAT CATAAGAAACGCT GGECT GGAGGAAGCACAAGCT GCAA
TTAAGATTGCCGEEGAAATAT CAATAACCT CAGAT ATGCAGATGACACCACCCT TATGECAGAAAGT GAAGAAAAAC
TAAAGAGCCTCT TGATGAAAGT GGAAGAGGAGAGT GAAAAAGT TGECT TAAAGCTCAACATTCAGAAAACGAAGATC
ATGCCATCT GGT CCCATCACT TCATGGGAAAT AGAT GGGCAAACAGT GGAAACAGT GECTA* TTTTTTTGEECTCCH

AAAAT CACT GCAGAT GGT GAT TGCAGCCACGAAAT TAAAAGACACT TACT CCT TGGAAGGAAAGT TATGACCAACCT
AGACAGCATATTAAAAAACH AGAGACATTACTTTG TCAACAAAAGT* CCATCTAGI CAAGSCTATGGTTTTT* CCA
GIGGTCACGTATGCGATGT GAGAGT TGAACT ATAAAGAAAGCT GAGCGCCGAAGAAT TGATCCT TTTGAACGGT GGTG
TTGGAGAACT T GAGAGT CCCCTGGACT GCCAAAGAGATCCAACCAGT CCATCCTAAAGGAGATCAGTCCTGEGTCTTC
ATTGGTAGGACTGATGT TGAGGCTAAAACT CCAATA* TTTTGGECCACCT GATGCAAAGAGCT GACT CATTGGAAAAG
ACCCCGAT GCTGEGAAAGAT TGAGEECAGGAGAAGGEGATGACAGAGGAT GAGATGGT TAGATGECATCACT GACTC
AATGCGACATGEGT TTGAGT GGACT CCGCGAGT TGGT GAT GGACAGEGAGECCT GBCGTGCTGCAGI TCATGGGGT CA
CAAAGAGT CGGACATGACTTAGCAAT TGAACT GAACT GAAGAAAT AAATACACT GAGAACAATCCAACT CATTCTCT
GTACTGITTACAATCGI GCATAACCATTTTATTTGGCAGATCTTTTAATCCTATTTTCAAAATTAACTGT CACAATG
ACTTTTTTTA* TAAAAAGF ATCTCAGCACTTACCCTTTATTATTTAGT GGCGATGT TGGAGATAGGGAAGGACAGGT
TCTCTTGECAGATGGECTCTTCCTCTTCTTCATCTGATGAACT GTCTATAGT TAGATCAATCACCTCTACTTTCTTAC
TTTTATTTGAGGACT GGTGATGAGAAGCCACT TGGT GCTCTAAT GTGGAGCT TAAGCAT CCTAGGAGCGAATAAT TG
AAACACAAGCCAAAAAAAAAGCECCTGTGATATCTCTTA* TTTTTCCTCAGCCTATGGAT TAGT CTATCAGT TATAGT
TTAGACTTTACCAGTTATATTGCT GGGECCTAAGAAG AAAAAAGCAATAGT GGCTCTGT TCCTCTAAGCTCAAGAC
TACTAGTATAGATTGICAAGGA* * TTTTTTTTTAAACAATTCTGAGT TAGAAGAAT CAAAATGT TACATCCGCCTCA
CAATAAAAACAGT CTGAGAGCAAATTCACATATTACACATTTACCTGTACATTACCT GATACACAGAGAAATGI TAT
GGGAACACTTTCGCTTCCTTACAGCAAAAATAT ACT AGAAGCTAGAGAAAAAT GCAAAT GAAAAAAGAACAT TCACT
AACCTATATCAAGT CTGTTAAAAATT TAAAAGGATACCATTTCAAAAGCATGACTTTTACH AAAAAAAAAGH CTTAT
TAAGI TATGTTACTCTGAAACCT CATACY ACAAAAATATAAAACCT TG CAAAAGGT G AATTT* AAAAAGF AGCTT
CACTACTTCTGAACATTTAATCAA* TAATTTAATAAGAGT TACTATGCTATCCATAAATT* ACTGAATATTCTTTAA
AAAAGT TGAGT TTTAA* TATTGAAAACCAGECT TTAAAAGAGCAAGCGAGATTGCACCATCCH TTTTGGE AAAACT* A
ACACTCACCATCAACTCCATTGTAAGAGGCAGAAACTTCCTGTACTTCCTTTTTTGATCTCATAGGT GCCCAAGAGC
CGTCCTCCTTAAACTGTATTTCATCACAATCTGTACAGTACT TTAGGATTTCCATAAACAAGCTAT* AAAAAACAAT
TTG TCCTTTG AATATCACATT* CTAAATTAAGA* CCTATTAGAATTACTGI TCAAAAACVATTCAGACCTATTTT
TTG * TACAAGTATATAAATAAGAAAGTACAAGGTATTATTTGI TCTTAAAAT* CTAGGCCTAAATAGGAAAATAX G
TTACTTATTATTATGGTAGG TTTATGCAAGAAAATAT TACATAACT GAAAAAT* GAGGT TTCCAGAGATTT* AAAA
AAAAGT* AACAT* GEEEGEEGET* GTATGI TCACAGCAAGT GGGAAGAGGACAAAGAAAGT AAAACT* CTGTATTTCAA
AGACAAAATT* CTGTGT GTGAGT GGTATATAAATAGTGGT TATCT CTGAGAGGTAACATGGAAGATATTTATTCTTT
TTCTTTAAACTTTTCATCATAAT CCAAAT TGCCTACAATAAGCACATCTTATTCGATAACTGTAGAAATACATGT* A
AAAATATGTACTGAAAGATAGAACTCCTTGATAAAT ACCAT GCAGATACTAAAAAACGAGAT TTGCCAAAATAGT GT
AACATGAATGATCAAATTCTTAGGTTATGT TAAACGAAACCH AAAGG* ATAAAAAAATA* ACTGATATTATATAATC
ACAATTATGEE AAAATAAAAATC AGAAAATAATACATTCH TTTTTATTTTCCTGCGT TTTCCAATTTTTCTTTAG
GAGTATGT GTGTATGTGT GGATATTATAAT AAGAAAGAAAAATCCCAATTGATGGGAGCATCTAAAGT TATGT AATA
TACAGAGI TGGTAAAATATTATTCAATTTATTAGT GATCACT GACATCTCTGAAAAATTAAACATAAAACATTTAAG
TTACACATTTACTCTCCCTCATATGATGSGTTTGECATCTTTCAAGCT CTGEGT TACACCTGTATTGCTAAATGTAT
TCCATTCCTTATGI TATACCTTCTGECTCCTTTGI TTCCTCAAATACTATAGATAAGATACATTAAGCATTTTCGCTA
GAGCGCACAGGAAATGTCAAGAATATATTTTTTTTCTTTTCACAATTTA* TTTTTG TTCAGAGSE AAAAAGCGAA
AAAAAT* GGAGGCTAGAGAATAGGAGAAAATTTT* AAAAGATAT TTGAAGATGT GT GGAAGGACAGATAAAACACT G
GAATGT CAGGAAAAAAAGAAATAACT GTTGTGATCCT GT AGATGGAGAAGAAAGACAAAGACAAGT ATTTT* AGGEGG
AAACAGAAACAAAGACAGCTGCTATTCAGT GTGTTGATCACT TT TAGGAGCCCACACAGCAGGGAGT AGACCCATAT
AGTAAATGAAGCACCAG" AAAATCTTCAAAAACAGCCCAACT TCTGGT CAGCT TAGGTGAACCAGAGT TTCACAATT
CTTTCATTCTTCCCCTAGAAAGGT CTGCACGT CTAGEGACAGAT GGAT TCATGT TAGGAAAAGATGTAAGCTATACC
CTGCTCAGAACCACCGGT CCTTTAAAATGGTAAAT GTCAGGAGGECACT GACAGT GAGCCATGTATCTTTAAAACAAG
AAGACATAGTTAAAAAGGGAAAATATTCACAATATTAATTTCH TTAG AAAAAAT* ATAATTTCTACAGTCATGAAT
ATCCTACACATATATAAC TCAGAAACCACTATCTATAGAATTTTAATCCC* AAACCTGATAGGTAACAAAACTTTA
AT* AGATGGTTACTATGAAGT AC* AAGGAAAAACT TT* AAAG TGACATACCCATCAATAATAAGGTGT TCATATGG
GGCCTTCTTATCACAGACAGGACH AAACCCAAGT TGS TTTTTTC* TCATTCATCTGAATATAAAGAGI TGCATCAA
AACACT CCAGAT GAGAACAT GTAAGGEGOCCGACAT GGAATTGTCAGCCGCATTTTACCAAGCT TTAAAAGAGGGAGA
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CAAAAGTTAAATATTAGACAACCGTTGTTAAAAGH TTTTTCCTGAAACAAACACAAT GTGCATGTATTCTGATTTAA
AGCATATTGTGTCTACTTTCAACACACTTCCT GTGAAACAT CTACAGGT TAAAAATTACTATTATTTCTTTGGATAT
TAAAATACAGAGACTATGGAAAAT CTACAGCAGAGGT TATTTACCCT CAAT TCACAGCT TACAGATCCACTTTTACG
GGA
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GGCOGCACT GCT GCCT GEACGOGGE0GEGEOGRGECGG0GE0GGEOCECAGOGE0GGEOGGCGCOCT GT TGAAT GGGCTGTGAG
GGCOCAGH TTTTCAAGH CGCT GGRCGAACGCAGCCT COGGRGEGECGCAAGRCAGCAGCAGCAGT GGOGACCAAACGEGT
GTTGGAGT TGGCGECGEGCCAT GGAGGGOCT GGCTGGCTATGT AT ACAAGGCGGCCAGCGAGEGCAAGGT TCTGACTC
TGGOCGOCT TGCTTCTCAACCGGT CTGAAAGCGACATCCGCTAT TTGCTTGGCTAT GTCAGCCAGCAGGGAGGGCAG
CGCTCCACGOCCCTCAT CAT CGCAGCT OGCAAT GGGCACGCT AAGGT GGTGOGCTTGCT TTTAGAACAT TACCGGGT
GCAGACTCAGCAGACTGGCACOGT COGCT TCGACGGGTAGGTACATCCCAGCT CCT G CCTCCTCTAACGCGT GCGA
ACCTGTCACCT CATGGATCTTCCCGT COCACTCTTTCGCTTCCTGGAGGTATCH ACTTCTCCCATTTTTGTATCTCC
TGACCTGCCGCATTAATAACCACT TCATCT TCTAGGGCGGATACT CCATTCCA* TGTTTTGCTGOCCATCCTTATCG
CCTCTACCCCTTATTOCCTCTATAGGTAAATAGOCACACCCT CTGTCT TAATATCTAATAGGTATTCTCCAGTATTC
TTGCTTGGGAAATCCCATAGACAGAGGAGCCT GECGAGCT TCAGT GAATGGAGT OGCAAATAGT CGGACACGACT GA
GCACGCAGGCAAAACCAATGCTTCTCTGGATAGTGT AT GAACAAGCAGTAT GCGAGGACGGAGCGECGTTTCAGGTTT
TCCCTGTGT CAGGGCTGGACT TGT AACCGAAAT CAGAAATTAACAAGGT CAGCAAT TAACAT TGGAAACCTCCGATG
AATTATTTGACCGCCCAATTTTAGCT CTTTGAGTGT CTGATAAAGCCT TTAGT GGGT TATGGGACCT TAATGTCAAA
AGAAGCOCCTAGAACCAGCAGCAGCT TCAGOCT CTTGCGGGAT T GTCATGCAGCCAGACATCCCCAGACACGATTCT
GACTTACAC* ATTGCTGGGAAGGAGACACGTTGACT GG AAAAT GGCATAGGACCT GGT GT GGGAGAAGATGATGC
CATGTAAAATTAGT TAT CCCATCATCT GGGGAAGGCTTGATAAT TTGCTGT TAT TCCACGT GGGGAGT TCAAAAAAT
GCATATTGTCATAGTTAAAAT TTGOCATTTAGGT TGAATTGTACATAT TTTGAGGT GTCATATTGT TGAATGCAGAA
TTGTCAGGTTTGACATTATCTTTTCTGTATGGATGGTTATAACCTGTTTTAC AGATTACAGCT TCA* TGAAGATTT
TGCTTCATTGATTGCATTTG: * TTTTTGT TGACTTGTGCCAGTAGGT AAGCTCTTCTAGCGT TTTCTTCTTTTGAGA
TAGATGTGATCCAAGTATAAAGATATGTATCTTTAGT T TTGATAATTGAATACT GCT TGGATAAAACTTGATTGAAA
AAAACH AATT* CTTTGAGT TGACTAGGGCATTGTTGAATTTTGATTGATTTTTTTTTTTAAGH TTGAAACAAGAAGA
GCTTTTTC TTCTGTTTCAGATTAGAGGGAAAT AT TGCAAT TAGAGTATTGCAT TTTACT GAAATGATAGCCCATGA
GTGGTGGTTAATGTCTAGTACCACCT CTGT AGGCAT TAAGGAGT TGGT CTTTCTCATAT TAACCACAGAT GGCAACC
TGATTCTTGTTTGTTTTCCTTTACTGGCTTCTGTGTTCTTTTTGTAACTCTCTGCAT TCCCACAGCCTTTCCTATAC
ACAGAGGAGGAGT GAAGT AGAAT GACCTCTGAACT TCGAGCACCATT CCAGTTGTATAAGCACAAGCATCCACTGAG
CTATGAATCTCTGCAGT AACAGCT GCTGGATCCACT GCTGCTAAGGAGAT TGCT GAGGCCH TGTTTTGATGAGAGAA
TAGTGGC: AAGF AMMAAATAGH TTTTTTTTAAAGCATT TGAAAAGGCT TTGCTTATCTTTCCTAACT GTCAAAGAGA
GGTGTATTTTGAGGT GGCAAT TAAGAGAACCT GAAATGATAAGGAAT GTAGCAT TGAGCCTTCATAGTGGCT TGCCC
CATATTTTGCACTGACCAGT GAAATTAAGT TTAGTAAGCAAACAT AT TTTGAACACCTACTGT GTGCCAGGCTCTAT
AGTAGGGAT TGGGT GTGCAGAGAT GAGTAACAT GCGGT TCCCAGGAAGACAGT CAGGT GGCCCT GBGTGGGAGGGAT
TAAGGT GCAGT GAGGAGGGGAAAGAT TGGCGAAAAT GAGTAATAGCT GOCATGCCAT TTAGGGH TTACAGGAATCTT
TTGGACTACT GAGGGCAT GCAGGAAGAGGAAGT GCT CAGGT TTGCCT GAGAGAAGCAGGGAAGT TTTCACAGCTGAG
GTGATGTTTGGGCTCAGT CTTAAAGGATAGAAAGAAAGT AAAGAAGGGGAGCAGCAACAT GGT GCACTCGCAATGAC
AAGTGTTTCAGT GCT GCT GCAGGGAGGGGT TCAAGCCT GGGAAAT TAAGAAAGAGAT TGT GGGAGACTGGAGT GAGG
TGGAGGOCAG A* TTTTGGT GATTGT CATGTAAAAT AT CAAGAGACT GGT GAGACT GGAATTGCAAACATTTCTGTC
* ATTCGAC* ATTTTGTCTGAG: CCTTCTTCAATCTGF TCTTTTTTTGT TTATGTATTATTACAATTATGGATTCATT
AGCTGCTCTGTCAAGGTAGCTTAGH TTTTTTAAAACTTACTAAATGACTGT GATCGGOCT GGCACT GTGCOCCACAC
ATACTGTGGAAGATACH AGAAAAAAATACAGT TTCTACTTTTG AGGAGCT TACAAACT AATTAATAGAAGAATTGA
TATTCGTGGCCACCT TTCTGCAGACT CACAGCATTCTGAGATTAGTTTGCAGT TTGTTCCAGTCATTTAGGCATTTC
AGAAGT AGAGGAAGAAAGT GT TATTTGCAAAT GTCATGATTTCACTTTACACT CATTCCAGACATTGTGAAAATGT T
AGTCTGAATGAGGT GTTAATATGAAGCTCACT CACCOCT CA* GGGACT GGT TTTTGAGAGGTACTTAGCCAACCCTT
CACTT GAGACCCAT GBCCAGATAGGGACAGACAGGT TCTCTGTGGACT TTAGCT TAGTGT TTCCTAA* TTTTAGTAA
TTTATGTATCATCTTCACAGT TGT TTGOCAGAT TGT TCATCACT TATCCTGTTGTTTTCCTAATAWT TAAAAAAAAA
ACAAACAACAACTCACTTCTTAGCTTCGT CTTAAGCAACAGCACCTGT ATGATAATGGGT TTGATACAA* TCCTTTG
TGTGTGTGT GAGAGAGACAT GCACAGATATTACAATAACTTCTTTTAAAAAGT CTATAAT CTGCCT* AAAAACATCT
ATAAAAGCT TGAAAACT AAAGTGAAT TCATAAT AGAGCCT CAAGGGAGAAAGAGOCACCCACCTAGGT TAAGCCT GG
TATTTGAGTCCTTGTACTAAT TTTTAGGAGTAACAT TTGAGATTATTTTACTTATGGCT TACTCTGT TAAGATTAAA
GTTGACATAGAT GAGGGGAT AAGAAGAAAAGT TACATGAAT AGAAAT GAAAGAAGAACCT TTAGT TGTAGAAT GGGA
AGCTGTTAAGAGTGT TACAAAAAT GGACCAGAACAAAGGAGAGGCGT CATGTGGTCT TGGAATATTGTGCTGGTTTG
CGTTCTGAGGGCCT GACT GCGCAATGCCAGAGT TTGTGGGGAACT CTTGT CCTAGAAGAAGT TTGCTGACATGGATA
GGAAGGAGAACAGGACCT CTGGGAAT TTTGTCGAGT GCTCT TTTAAAATCAGT GCTAGT ACAAATCCTTAAATGTCC
AGATAGAGGAAAGGCGTAGGGECACAGTGT CACTTGACT TCATT TAGAAAGTCATT TCCAGT GTATATTTCAAGGAA
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GTACATATGATCTAATAAATGATTTTAGGACT TTGGTTAAAATAAAGT TAA* TCATTTACACTGAATGAATTTTTAT
TTTCAGTTCAAATGCTTGAACCAGACAATAGATGAGT TTAGGT TTGTGATCAGAAATGT TATTTTTA* TACFATTTT
A* TTTTAAAAGGOGAATGOCAGATTAATGTTGCTTG ATTTTTC AGF ATGAAATACATATGTGTGTGTGTGTGT GT
GTGTGTGTGTGTGI GTGT GI GOGCECGCACGECGOGT GCGCGCACGCGCACGTGTACTTGGTCACTTAGTCGTATCTG
ACGGT TGAGACCCCATAGACCAT AGCCTGCCAGECTCCTCT GTCCAT GGGATTCTCCAGGCAAGAATACT GGAGT GG
GITTGCCATTTCCTTCTCCAGCGGATCATCCCCACCT AGGAAT CGAACCTGGGT CTCCTGCATTGTAGECAGATTCTT
TACTGACT GAGCTGT GAGEGA* CCOCCT* AAAATTTGTAATTTTAGACCAGAAAGATCAGTGTTTTATAGIGCTTCT
CCCATACTCATTAAGTAAATATTGCATTTGATTATATTTTTATTTACTTTCTAGAAATACTTATAGAAAGTAAATAT
TTTTGG TATTTTG TTTTG AGGCAGTATGCAGCTATAACTTTAGCTGTATTTTA* TGGACH AAAAAATGT CATAA
GTATTAGGATTATTAGICCCTTTAATCTTTTTAGI GCTGTATTAAGGT GTAGAAAT TTAAAAAT TACTAAGGGTAAT
GITCCTGAAGGACATTCTGCAGT GAATATTTTTGTCATTAAGTA* TTTCAAAA* * TTTTTATTGCCTCAAT* AAAAA
TAGATAATTGAAACTTTTTCTTAGECTTCT GT CATATCACT GT* AGGGAAAAT GGAAATTAATAGATTACATTGEAA
AAAAGT* ATTACATGATTATAAAAACC AAGTGACGT TGTTGTTTAGT TGCTAAGT CATGTTCAACTCTTTTGCGAC
TCCAT GEECTGAAGCCCACCAGGCTCCTCT GT TCATGGGAT TTCCCAGECAAGAATAGT GRAGT GGGT TGCCATTTC
CTTCTCCAGEGGATCTTCCTGACCCAAGGATGGAAACT GCGT TTTCCGCACTGCAGGCAGATTCTTTACCACTGAAC
CACCTGGGAAGCCCAAGTGAAGTATATACT TGTAATGTAACT TTTAATCCTATGTCAGAGTGT GAGTGTGTGTGTGT
GITGTGAGT TGCTTAGI TGTATCTGACGCT TTGCTA* CCCTATAGACT GTAGCCT ACCAGGCAAGAACACT GGAGT GG
GTT* GCCATTTCCTTCT CCAAAAGGAACT ATAGAAAGAAAGAAAGAAAGT GAAGT TTCTCAGT TGTGTCTGACTCT T
TGCGACCT CATGGATGGTAGCCTACCAGGECTCCTCCAT CCATGGAAT TTTCCAGRC AAGAGTACT GGAGTGGGEGETG
CCATTTCCTTCTCCCTTATGT CATTAGTAGT GGGGAAT TTGAGGCCAGAAAAAAAATTTTAAATCACTTTTTITTITT
CCTATTTTAAAATGGEGEGTCCTATTTATCT TATATGGT TATTGCAAAAGATAATACATGTGAATGEC TTATTTTAGT
ACGACAGITCTT* GAGITTTATTTAGT TTTGGT TCCTATTCCTGGCATGTAACK AATTTTTTA* TATTTAAGAAGTG
CAAGGAAACTTTTGTAACTAT* GTAAATATAACTCTTTTAACTATGTATCAATTTTTGGGTAGATTGCATTAACAAG
CAGATTGGGEGE AAAAAAAGC TTTTTAAATGGAAACATGT TTGAACAATGGCATGTACTGT TTCCTCACATTTGATG
CATTATATAGT CGGACACGACTGAGCGACT GAACT GAACTGATAGT TTCCAAAGA* TTTTTGTG TTTTTAATCTCA
TATAAGCCTTTTAGT TATATGTCTTTAAAATGGECT TAATAATGGT TATCTACCTTATAGGATTAT TGCGAGAAGGT
TATAATGAGAAT T* AAMTVTAKTGCTCTATTGCTTACTACAGTGCCT
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CAGTGAAGACTATTTCCTTCTTCCTCATCTAAGCTCTTCAGGOCTGGAGGT TGTOCCTGCCTGCTTTTGGAGGECCTT
GCCTTGATGGT CAT GAAGCGGAAGGEECACAGEGEGACT TGTGCACCAGT CACT CATGTCGTACTCTATCTAGACTGT
CCTCACGGTTAGT TGTCTCTGAGT AT CTGCCCAGT CTGAAGGOCCGEECAGCCCCTCCTTCTCTTCCTTCCACTAGTA
AGCCAGGECATCCCAGCTCOCTGCAGCGCCTTTCTCACTCOCACCTCCAGGCC TTTGATGCTGCACTCTCACCACTT
TTCTGCCAACAGGAATCCACCCATCCATGT TTCCAGECTGCATTCCTTCCTGCAGECTTTGCATGCTGCTCCAGECC
ACACTAGICCTTCTGTATCTTGATCTCCTGATATATTCTATAGCT GATAGT AAT CAGCAGCAGAGT AGCAAACAACT
TAGAGTATACGT CTTGAATCCATATAGACCCCGGT TTGAATTCTGTGTACT TCAGGACT CCTGGGT TGCAGAGTGAC
AGAAAGCCAGT GTGAACT GCAGCCOCCTTAGCAAAAGAGAATGICTGGECTCT TGT GEBCCAAACTGT TGCCT TGEEGG
ATGCOCT GGAACT GECGATGT GAACCCTCTCAEECCTTTITTCTCCTCTTTTTOCCTGCTCT TCTCTGCAGGECCACTT
CATTCTCATCTGACTGI CCCTTGAGGCTGGTACT T TGGECCT CAGGCAGCCCCGGACT CTCEEGECTCTCAGRAGEET G
C* TCTTTTCAACTGTAGT TAGAAAAGT CCCACTGGGECCATCCTGGGT TTTTGECCT TCCCTCT GTCTCAGGGAACAT
CATCTTTCACCAGT AGGAGGAGGGAAT GGGAAATAGT CTGECAGAGGAATAGT TGATGCAGCT TCTTATTAGGECAG
GCAACCTTGECCAAGCCTCAGI TTCCTTGT TTGTAAAAT GEGAGGGT AAGAGT CTCCTGGTATTACTGTGEEGECTTC
ATTGAGAT GGT GCT GGTGACACT TCT AGCATGGCACACAGT AAGT GGGCACTGAGCAGAGGEGEGGTGGATAGEAAGAC
TTAGCTGACCT GGACAAACCCACT CCACCCAT CCATTCT GCCACCAGAGGATAATGAGATCCCCAACAGCTTGCCTT
CCTGAGTCTGAGT TGCT CTAGCAACCCAGT GCGGACCATTCT TGGAAT TGGCT GAAAAGGATCCCAGAAAAT TACCG
AAGCAATAGCAGT GCTGACAGAGGGAAACCT TCATGECACCT CTAAGCTAATGT TTGATTAGCCGCTGAAATGAACA
GGTAGGTGCCTGCTAAGTCACTTCAGTCATGT CTGACTCTTTGCCACCTCATGGACT GTATAATCCACCAGGCTCCT
CTGTCCATGEGATTCTCCAGAATACT GGAGTGGGT TACCGT TTCCTTCTGCAGGGGATCTTCCTCACCCAGEGATCA
AACTCACATCTCGI CTTGECAGECAGATTCTTTACCACT GAGCCACCAGGGAAACCTATGACT TTAAGACTAGAGGT
TAACAGCAGAAGCT CTGAAACGT AAT CATT TGAGGCAACCT GCTCCCGTAT TCT TGCCT GGAGAAT CCCCATGGACA
GAGGAGCCT GGTGEGECT GCAGT CCACGEGEGT CGCACAGAGT CAGACACAACT GCTTACGCACAGCACAACAGCACTT
AACGTCTTGEGCTCAGITGT TTCACT TGTAAAATGAGGGTAATAGT GTGACCT CAGAGGGT TTCTGTGAGGATTAAG
AGACTTAAATGAGATGGTACATGT AAACAGCT GRAGGAGT GCCTGGAATGT AGAAAGT GT TCGGTAAAGCCTAGCTA
GCATCATCCATCGCCATGI TTCATGCCTTTCAGCCACGTTTGCATCCTCTGCTCCATCCGATCTCCCOGT CACCTAT
AGACTTATAGGT GAGAGCCCAGIGTGATTGTATCTGT TGAGTATTTTCCT TCTTGAATCCTAGAGAAGCAACTGTCA
GGGCAGACGGAGTICCAT CTCCGATCCCT TCCCCCAGRCCCCAGTACT TCGAGCCAAACCTTTGCCTAGAACT TAACC
ATGTGTGT TTCCTCCTGCOCACAAAT TCCTGT GACTTGT CCTGGET GGGGAATCT TCCCATGGAG
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CACACAAAAATCTTACAAGT GTGTCCATTTTT CCAGAGAATGCCTAAGT TGCTTCAGT CGT GT CCGACTCTGT GCGAC
CCCA* CAGACGGCAGCCCAT CAGGCT CCACTGT CCCTGEGATTCT CCAGGCAAGAGCAT TGGAGTGGGT TGCCATTT
CCTTCTCCAATGCATCAAAGT GAAAAGTGACAGT GAAGT CACTCAGIT CGT GTCCAACTCTTAGCGACCT CATGGACT
GCAGCCTACCAGCECT CCTCCATCCATGEGATT TTCCAGGCAAGAGTACT GGAGT GEGGTGCCATTGCCTTCTCCTTT
CCAGAGAATCCTTTTACCAAATTCTTAGGGTAGTCCCGAAT CCAGAAAAGAACCACT TTACCAGGT ACT GGGAAAGG
AAAAAT GAATGCCTTACT AAATGCTCAAGATACAAT CAACCT GAT CT CTGAAT GAGAGT AATTCACAGGT CAAAACA
GAATAAGCACT CCCGTGT TTGECATAACT GCCAAAT GGCAGCTCT GAGCAAAGCCAGI TGT TCACACTCTCTTCCCT
CACTGGGTACCATCACAGGCAAT TCAGCAAACACCTCTGRACCTCTTGCATCTCTGT TATGT TATGAGACTTCGCTCT
TCTTGCCCTGCAAACAGT GCTTCTGCTGACACAGGT CGAGT CTGTCCTATGAACAATGAGATCTGCTTCATTTGGTC
TGAACTGCTAGCTTTGGECOCAAAGCAGAAAAGCT GT CCCAA* GACCT GCCCAGGGAGCTACCATAT CACCACCTCCT
TGCATGGAGGACACT TCATACAGT TCAGCCAGATAACCACT GCAGGESGT CCCCAGAGGTCATAGT GCCCATATAGT AT
AGAAGTCACCTACTTTCAATTACCATA* TTTTTTTTCACTAAATATTAGGAAAAGATTTTCACACATGTGAGCTTGA
AAAAT* ATGAAGGT TTGAAAAGTAT* AAAAGT T* AAATAGE AAAAAAAAAAGH ATTCTTGECTTTG AATTTCAGG
GAAACGTGCAATTTCCTAGT CTACCAAGGAAACTGTCATTTGEEGTCCTAAATTATTGT TCTGGCACCAGTGACT TA
CTGIGCCTCTAGGAAAGGCACT TAACCCT TECTGEECCTCTCTTTCTATCT TTGATAGAACATGATTTCCCCCTTAC
TTCAACAGGATTTAGT GATGAAGAACAAACAAGGACCCAGAATGT GCCATCATCTTGAGAAAGGAGAAATCCCAGT G
TATAGT ATCAGAAGT AT GAACAGGAT ACAGAGAAGGATACAGAGAAAACT GACAGT TTCCTCCTCTGTGCTCCCAAC
TCCACCCTGCATATGATCACCCTTATTTATTTATGT GI TTCTCCT CCAAGAAACACATCTGECTCATCTCTGTATCT
TCAGCACTAGGAAATGTACCTGCTACATATACAGCAGGAAGATGGTCCTGT GTACT GATCAGGCTTCAGCTGT GCAT
GCTGGATAGI TTCTAGGAGECACCATTCACTTAGCCTGTGAATTTTGGATGT TATTTAGTCTCTCTGAGCCTTAGT T
TTGTAAAAT GCGGATAAAAAT AGCAT CTATGCCAT AAGACT GAGGGT CTAAAT TATATTCAT TGTACAGGGT CTAAA
ACATAGTAAGCACTCAATATATG* CCCCCCATTATTAATTAAAGTACAGAAACACATTTACTTGAAATCACTTTATG
AGCTAGTAGGAGACCCACTCAAACCT CAGCCTAGI CAGTCTTCTCTTCTATGCTCACACAGTATTAAACAATTCCGT
TACTTCCCTTCTACACTTCTATTTAATTTTTATGATTTGAT T TACCT CAGTACCTGATGAAAAGGCATACACATAAA
CAGAACTAGCTCTCAT* AAC* AAAAAA* AA* CACCTATGCCAAGACATACCACATTAATCTAGAAATA* TTTTCCTA
AAACAATCTAGT TGGTGGTGCTAAATTAAATTTTTATGT CTAAAGT TCAGGCCT TAACT TAT CT GGGAGGTGCAAAT
TTCTACTGAGTAGGTATATTTACCACTGCCTTAAAACTAAGT AGAGAGAT CCTAGATGAATACAGCGATCACAGACG
TGGITCAGGTAACTGCATAACTAGTAGCCTACT TCTGACAGT TTATGAAGACAGTGGATAAGAAGATAAGATACAAA
GACTGT TTCAGAATCCAAGCAAAAGCT GTAGAACT TATACT CTGAAAAGCAAT TATTCTCCAAAGACCATCATCTCA
CATACCTTTAGCCCTAAATTCOCAGCTGI CAGT TCATCTTTTCAT TGGGAGAGCAACTCTCAAGCCCTTATGATCAG
CCACACTGACAAGT TTACCTACAGAATTTTTAAGGAACACT GCCTACAT GAATGGCACAGGAAGGACATGT ATAAACA
GGTACAAGAAAGAAGT TCAATTTGAAATGCAATTTATTAGCT GT CACACAAAT GTCGTTTCAAAGAATTACAGAGTA
ATTGITACGCGATAACTCTCATATTCCTGACT TTT* AAAAACAATCACTAAATTCTAAATACT TATCTAAGAGTGGA
CACTGAATTCTCTAACT TCAGAGAGCGAAGCTGACGCTTTGAACATTTTCATCTTGTAATTATAAACCCCTTTTCCCTA
TATGCCGATGEGATGGATATTTGCATCATT TGCAAATAAACACT TTGAAAACAACTCCCAAATAAGT TTTCTAAAGCC
ACTAATCTTATTATAACATAATAGTAATTGAGAATACT GCAAGAGAAAAAGAAATACCCTACT TAGATATAAGT TCA
AACCAGCT TATACCAAAAGGACT CTAAAAAACATCAACAAT* ATATGTACTTTTCCCTTGT* AAAAAGT AAAACAAC
AGTGTGAAATTGEGACTTTTACAACT TTTTCATCATTATCATAAGTATTTCATGAATAAATCT TCAAAGAGATTCTT
TTTCCTTTTCTTCTATCAACTCCAAGT GATTTGCATTTGAGT TTACAGGT CTAGGGAGTACCTCACAAAGCAGGTITC
ACAAATATTCTTCCAGT TCTATTTTTAA* TAAAT* CAGAACT* AAAAAAT T* CCCAAAG: AACH AAAAG CATTTTT
AA* TTATTTTCATTGCCTTTAGCTAAACAGCACACAAACAGAAACTCATTTATTTTG AGCTGTGTATATCACAACA
GGGCAATTCAAATGCACAGT CAGACATTATATTTACATATTTCAAAGAGAACAAATCF TCTTTTATTATTCTATAAA
TTTGATATATAGATGAGT TGTCA* * TTAAAAAGF TTTTAC TTTTTAG AGTAAAAACCT ACCTAAAATATAAGCAT
TACTGI TCCAGAATAAT TGTAAAGGCATTGT TTCT TAGGTCAAATAGAAATCCATAAAAGTATTATAATTATGGATT
ATGTATAGAGAGAGT TGT TTTTCCTACAATCTGAATTTTGAAAGT GTAAGTCAATTTAAAATGAATTCCTATAGI TG
CTG" AAAATAAAAAAGT* GGATAT CGAAAGAAAAACT TAAAGT TGCCCCAT TAAAT TAAGAGGT ACAAGGAGCAAAA
CATGATTAGCA* TTTTG* TAATAATACAAAGAT CACCTGAACTATGAAATTCAAAACTAGT TCTATAAATAAGAACA
TCACAATTTATATTGTAGTGCTTTTTTA* TACAAATAAACGCTTCATCTAAATGI TAAATATAAACATCATATATAT
TAGCACAACTGTAAACACTTTTAAAAT GAGAATGC AAAAAAACAAGH ACCCTTTCCAGT GATTTAAATGGAAAATG
AACCTTATGCACATTCCTAAATTTCTTATATTCTCTAAATTGGTATTTTATAAT* GGAACGGEGGTGCECH AATAAATC
ATGTCAAAGGCCGAGGGT GGATAAATAGGT GTTTGGAAGAAAGAGGGT ATGATAGGTATACAACT T* AAAAAAACTCT
TCTTACTCTTCACTAACCTGGACT GTGAACCH ATTTTTCTAAAT* GTTAAAAAAT* ACCACATTCCTTTACACCATA
GICTATTATAATGI CTGATTAACTTAATCCAT COCAGGT CCCTCCAGT CAATAACT TTTATTGTACAAAAAAATTTA
ACATTAAATCTACCATCTTACCCATCT TAAAGT GTACAATTCAATAACACTATGI TCACACCACTGTACGACACATC
TCTAGAACTTTTTCATCTAGCACT ACT GAAACCCT COCCCCA* GCCCATAGTAACTGICTTTCTGITTTCTGITTCC
ATGATTTTC* ACTACTTTAG ATACTTC ATGA* GTGGAATCATATGCGTATTTATG CTTTTGTGATTAG TTTATT
TTGCTTATTGTAATATTATCAAGGT TTAT* CCACCTTGTAGCATATGACAGG A* TTTCCTTTTTTTCr ATGTTGCA
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TACATAATATATCATATTTTATTTGT TCACCT CTTGATGGT CAT TTGGGT TGCCTCCACCTCT TGECTACTGTGAAT
AACGT TGTGATGAATGTGGT TATGCAAATTATTTCTTCGAGATCTTACTTTGAATTCTTTTAGATATATGAAT TGAT
GGATCACATATTCATTTTAAC TTTTTGAGGT ACCTCCATACTGT TTTCCATAATGGCTACAGCATTTTATATTCCC
ATCAAGAGT GCACAAGGGTTCCAGTATCTGTGGCACACT TACTGACACTTGTTATCTTATGT TTTTTTCGATTGGAG
CTATCCTGATGGGCATGAAGT GATTATCTCATCTGTGCH TTTTGATATGCATTTCCTTAATGATTAGCAGTGT TGAA
CATCTTTCCCTGTGCTGT TGGOCATCTATGTATCTTCTTTGGAGAAAGGT CTATTCAAGTCCTTTGCTTTATTTTTA
ATCTAAGTTTTTTTTTTTTTTTCTGT TGGGT TGCTTGCCAAATTCAACTGAAGCTTTT* COCCCATGTTTCTTTTCG
GAATGGAACCATTAAGGGTATTACACT TTAGATCT TAAATCCATTGTGAGH TTAATTTTGAGGGTTCAACTTCATTA
TTCTGCATATGAATATCCAGT TTTOCCAATGCCA* TTTCTTTAGAGH ACTTTTTCCTATTATGCAGTATTGGCATTC
CTAGGTATTTGATCATATATGCTATAAGAATT TG TTTTTGGGCCACTGGTCTATATTATCTATTAATATCATTATG
TCAATACTATACCATCTTAATTACTACTGCTTTC TAGCATGTTTTGAAAT TAGGGAAT GGAAGAGCTCAAACTCTG
TTGTCATTAAAGTTGCTTTGGTTACT CAAAGT COCT TGAGATTCCAT* AGF AMATTTTAGGA* TTTTTTTTTTCTTA
ATTTCTGTAAAACAT GCCAAT GGGAT TTGATAGG: AAAAACAAT GAAT CTGTAGATCACT TTGGTAGTATGGACATT
TTAACAATGTTAAGT TTTCTAGT CCATAATTACAGGATGTTTGT TTATTTCTATTTTC: TCTGAG TTTTTGCAATG
TTTTACAGTTTTCAATCTCCTTGGTTGAGT TTATTCCTAAATATTTTACCCTTTTTGATGGTATAGTAAATGGGAGG
CTCAGACGGTAAAGCGT CTGCCTACAATGCGGGAGACCTAGGT T TGAT TCCTGGGT TGGGAAGATCCCCT GGAGAAG
GAAAT GBCAACCCACTCCAGCACT CTTGCCTGGAAAAT COCAT GGAT GRCAGAGCCT GGT GGGCTACAGT CATGGGG
TCACAAACAGT CGGATATGACTGAGCGACTTCACTTTCTTTCTTTCTTTGTTTCCTTTTC AGTTTGGT TACCTAGH
TTCCTTTTCAGAAAGACAACTAACTTTTTAAAG: TTCTAGTTATTTA* TTTTTGGECT GTGCTGGATCTTCGCTGCTG
CATGGGCTTTCTCTAGCT GGGGT GAGT* GGAGGCT GCTCTTTGCT GCAGCATGCAGGGT TTCCATTGCTGTTGCTTC
TCTTGTGGAGCACT CGCTCT CAGGCACACAGGCT TCAGT AGT TGT GGCTCCAGGOGCTAGAGCAT GGGECT CGACAGT
TGTGGCACACAGGCCGAGT T GCT CTGCAGCAT GTAGGAT CTTOCT GGATCAGGAAT CCACCT GTGTCTCCTACACTG
GCAGGTGGATTCTTTOCACT GAGCCACCAGGAAGH COCAAAAGGCCACTAACAT TTGACTGCTACTTTGTGTTGATT
TTGACTATAACTTTGTTAGT CCTAACACGT TTTTTGTTGGT TTGAGGCAT CTTAAGGGGAGH TTTTCTACATAAAAG
ATCATGTCATCT GAAAACAGAAGT TATTTCACTGTTCCT TTCCAATCTACCACCAGCOCAAT CGTTCTGGCTAGAAC
TTCCAGTACTATAT TGAACAGCAGTGGTGCAAATGGGCATCCTTGTCTTGT TCTTTACCT TGGAGGAACAGCTTTCA
AGAAGTCTTTCCACACTGAGTATAATGCTCATTGTGAGCTTTTCATATGT TGAGGAAGCATCTTTCTATTTCTAGTT
TGCTGAGTATTTTTATCATGAAAGGGTGTTGAATTTTATTAAATGH CTTTTG TAATTTTTTTCTATACTGAACTGA
GATGTGGGTTTTGTTCTCCATTTTGT TAATGTGCTCTATTACAATGATTTA* TTTTTGTATGCTGAACCAGTCTTAC
AATTCCAGCTATGAATTCCACTTGGT CTGGTGTATGAT TATTCTAAT GCACTGGTGAATTCAATTTGCTAGAATTTT
GTTGAAAGTTTTTGTTCCATCA* GGGATACTGGTATGCAGT TTTCTAGTTTGT TTGTTTCATTTOGTCTTGTCTTGT
GTCTTTGTGTGGTTTT* GEGGAT CGGAAGGAAATGGCAACCCACT CCAGT GTTCTTGOCT GGAGAAT CCCAGGGACG
GGGGAGCCT GGT GEGCT GCCATCT AT GEGGT CGCACAGAGT CGGACACAACT GAAGT GACT TAGCAGCAGCAACACT
ATCCTCAAAGAATGAGT TTGGGAAAAGGCT TGGTGT TAATTCTTTAAACGT TTGGTAGGATTCTCCACTGAAGTCAA
GGGGTCOCAGGCH TTTTCTTTGT TGGGAGGT T TTGCAT TGT TCCT TCAATCTCCTCACTAGT TACAAGT CTGTTCAG
ATTTCTOCACGATTCAGTCTTGGT AAGTCATATGCT TGCAGGAAT TTATCTACTTCTTCTAGGTTATCTAATTTGTT
GGTGTTAACAGT CTCATAATCCTTTTAATTTCTGTGACATCTGTTATAATGTCTCTTCTTTCATTTCTAATTTGAGC
TATCTGAATCTTTCCTCTTTTTTCTTAGT TTAGCTAAGGGCTTGTCAA* TTTTGTTGATCTTTCAAAAACCAACTCT
TAGTCTOGTGATTTTTTTTGGAC TCTTTTTCTCGTCTCTATTTCATTTATCTCCTTTCTAATCTGTATTTCTTTCT
GTGTGCTGACTTOGGCTTTAGTTTGT TTTTCTAGT TTCTTGAGGT ACAAGATTAGGTGGTTGATTTGAGTTCTTTCH
TTTTTCAATGTAAGCATTTACTGCTGTAAACT TTCCTCCTCCTACTCTTCTGCTACA* TCTT* GF TAAATTTTGGTA
TACOGTATTTTTATTTTCGT CTTCAAATATTTTCT* AAATT* OCCTGAGACCTCTTCTTTTGATTCA* TCGGTTGAG
AATGTATTATTAAATTTCCACATGTTTGTGGATTTTCCH * TGTTTTTTTTTOCTGT TACTGATTCCTAGT TTCATCA
CATTGTGATCAAAGAAGATACTGTATATGATTTTAATCTTAGATTTGT TAGGACTTGTTTTGTAGCCTAACCCATGC
TCTATCTTACAGAGTGT TCT GTGT GCCCT TGAGAAGAATGTATATTCTTCT TTGCT GGGT GCAGCATATCTGTTAGG
TCCAACTGGTATACAGTGTTGATTAAGCTCTTTGCTTACTTACTGATCTTCTGTCTGGT TGT TCTATCAATAACCAA
AAGTAGGGTATCAAAGT CTACTACTATTAATATTATTGTGT TGCTGT CTATTTCTCCCTTCAGT TCTCTCAACTACT
GAATCATATACGTGGGAAAGAAT TTAAAAT AAT TATACAGGGACT TCCCT GECAGT CCAGGGGT TAAAACTCTGCCT
TTTCATTGCAGGGGGECACAGGT TTGATCCCT GGT TGGGGAACCATAT GGCAT GECAAAAAAAAA* AAAAAAACK AC
AACCAAACCAAACCAACAACAGA

>NCL_C18

ACTTTCTTTAAAAAAATTTTTTTTTTAATTTTTTTGAAGTCTAATCAGTTTTTTTCTTTTATGG TTTTTTTTTTTT
GCATTATGT TTAAGAAAT CATCAACCCCCAAGGTCATAAAGATAGTTCTTTTTTTTTTTTTTAAGTAAGCTTTTATT
TGTTTTG TTTC* ACATATTATAGGTCTTTG: CCA* CTTTG AAATTTTT* Gt TGAGTAGGGTCAAGTTTACH TTAT
TTTOC AAGCAGATGTCTAGTGGCTGCTTCTTCACTAT TTATTAAACAGACCATACT TTATACCTGAAT TTCAGTGG
ACCTTTGGTCATTAATCTGIGTTCCTGTATATGTGAATCTATTCCH TA* GGG TGGGGTTTTTGGTTGI TTTCTTTT
GATTAGTATTTATCTATCCTTGT GOCAGT GACACACCATCTTACCATATTTTGTCCTCCAACH TTTATTTTTCTTTC
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AAGATTATCTTGGT TGTTCTGGGTCCTTCCTTTGT GTCACT CTATACATTTTAGAGT TGGCT TTTCAGTATCTACAC
ACATGT GGAGGCAT GCACACACAT AT GOCTACT GGGGT TTTGATTTGGAT TGCATTGAATCTGTAGATTATTTTGGC
GGAGAATTGACATCTTAACATTCTTGAAT CT* CCAAAACAAT AAACATGGACTATTTCTTCATTTCTTTAAGTCTTT
GATTTATCTCAGGAATGTTTTA* TAGTTTTCAGTATAGAGTAGAGGT CTTGTACA* TTTTTCATTAGATTTACTATT
AGACATTGGTA* TTTTCTGGTGCTTTTGTAAATTGTATTCH TTTTTTGACTGAAAGAAAACH TTTTTTCH TTTTTTA
AGF AAAACA* TTTTTGAATTTTGTGATTATAATCAT GACAATAAAGAT GTAATAAGT GAATTTTAATTAAACT* * AA
ATTGTCTGCAAAAGCTACAGT CGGCAACCACT GAAT CATTTCAACTGATGCATGTCTCATTCTCTTGATTCA* TTCT
TTTTTAAG ATTTGTTTGTGTATGTTTATTCTTTTGGCTCOGGT GAGT CT TOGTGECTGTAGT GAGCTTTCTCTGGT
TGTGGTGEGEOGGACCTCTCAT TGCAGT GECTT CTCT TGT TGGGAGT GT GGGCT CCAGGT AGGCT TCCCAGGCTTCGG
TCGCTGTGATCCAGGEACT CAGCAGT CACGACT CTTGGGCTCTAGH AGCATAGGCTTAGCAGT TGTGGTGCGCAGECT
TTGTTGCTCTGCAGCTTGTGGGAT CTAACCAGT GT COCCTCCAT TGCAGGGTGCAT TCTTTACCACTAGATGACCAG
GGAACCCCCTCTTGATTGATTCTTTAGTTTAAAAAATTAAT TAACAAT TAAAT GACATT TTAAAAATGAAAAATTTA
AAAGGAAACTTCAGAAGTATTCAAAT TTATTTTGAGGACTGT TTTCCATACAGTAAAAT GTACAGA* TTTTTCTTAT
GCAATTTGATAAATTTTTTT* * CCOCTAAATAT CCACCCGT GTCGOCACT ACCCAGT TCAAAATATAGGACATTGCT
AGTAGCTTTAAG* CCOCTTCCGAATCAATCCTACACT* CTCCOCCGT AGATAACCATAT AGGTAGCTGT TACTGAGA
ATGCTTTTACTTATAGAAATTTTGCT TCATTAT TTGAAACT AAAGAAGTAATTGCTTGGATGT TTATAAAGTATGGC
TTTTA* TTTTCAGTAGAAGT GATAGACAGTATTGATAGT TGGGGT TGAACTATGA* TTTTTTTTTTTACC: AAGTAG
ATTG TAC* TTTTTTTACH * TTCATAGGATATATAATT TGACCT GTGT TGTATCATTCATGT TGTAAGGAGCAGTAA
TTATTTCATTTTCATTGCTTTAGTAGAGTATGT ACATACTTACT AGT TTAGATAAT COGAGGTAAAATTATCTGCTC
AAATACTTTTCTTGACGCAGT GT CTAACAT TAATACAGAGAT TGTGGTGGCTTTCTTACTGATATACTGAGAGAAAC
TGTGGTACCTGAGGGTGT TGGGAGGGAGGAACGTTCTGT GCTOCT CT AAGAGCCAGGGAATCAGCT TGGTGGTAAAG
AAATTACAAAACTTTGTACATTTCCTCTGT TTTCTGAAATTTATGTACTTCTGCTAGTAGGAAATCAGTGACTCH TT
TA* TTTTTTCTTTAAGT TTTTATACT GTGGAAATACTAATAATCGCT CACATTTATTGAGTTCATACTAGGTACAAG
TACTATGCTGAGTGCTTTACT TAAATAACCTGATT TTATTTTCACCGAAACTAATGT TTAACTAATGCT* CTGTAGA
CTGAGGTTT* GGGGTCAGTGT AAATGATT CCATCCT TTAAAT TTATGCTAGGGCAGGTGACCCCCATTTTCTAACTG
TTGECTCTTTTC ATGAACAGGT ATGT CATCGATGGGGCCACTGCTCT TTGGT GTGCAGCAGGAGCGGGACATTTTG
AAGTTGTTAAGCTTCTAGTCAGT CAT GGAGOCAACGT GAACCACACCACAGTAACT AACT CAACCCCTCT GCGGGCA
GCATGCTTTGATGGCAGATT GGACATTGT GAAATACTTGGT CG* AAAATAATGCCAACAT CAGCAT TGCCAACAAGT
ATGACAACACTTGCCTAATGA* TTGCGGCCTATAAGGGACACACT GACGT GGT CAGATATCTTTTAGAACAACGT GC
TGA* TCOGAAT GCTAAAGCACAT TGT GGAGOCACAGCAT TGCAT T TTGCAGCT GAAGCT GAGCACATAGATATTGTG
AAGGAGCT GATAAAATGGOGT GCT GCTATAGT GGT GAACGGCCAT GGGAT GACGOCATTAAAAGTAGCT GCTGAAAG
CTGTAAAGCTGATGT TGTCGAACT GTTGCT CTCTCATGCTGATT GTGACCGGAGAAGT CGGATTGAAGCT TTGGAGC
TCTTGGGT GCCT OCT TTGCAAAT GAT CGOGAGAACT ACGACATCATGAAGACATATCACTATTTATATTTAGCTATG
TTGGAGAGGT T TCAAGATGGT GATAACAT TCT TGAGAAAGAGGT TCT COCACCAAT CCAT GCT TATGGGAATAGAAC
TGAATGTAGAAATCCTCAGGAACT GGAAT CCAT TCGGCAAGACAGAGATGCTCTTCATATGGAAGGCCT TATAGTTC
GGGAACGGATTTTAGGT GOCGACAACATTGAT GTTTCCCATCOCATCATT TACAGGGGAGCT GTTTATGCAGATAAC
ATGGAATTCGAACAGTGTATCAAGT T GTGGCT TCAT GCCCT GCAT CT CAGACAGAAAGGCAACAGAAATACCCATAA
GGATCTTCTTCGATTTGCCCAAGH TTTTTTCACAGATGATACAT TTAAATGAAACT GTGAAGGCOCCAGACATAGAA
TGTGTTTTGAGATGCAGT GT GTTGGAAATAGAACAGAGT AT GAACAGAGT AAAAAAT ATTCCAGAT GCTGATGTCCA
CAGTGCTATGGACAATTATGAATGTAACCT CTATACCT TTCTGTATTTAGT GT GCAT CTCCACCAAAACACAGTGCA
GTGAAGAAGAT CAGT GCAAAATTAACH AAGCAGAT CTACAACCT GAT TCACCT GGACCCCAGAACT CGTGAAGGTTT
CACCTTGCTGCATCTAGCTGT CAACT CAAATACCCCGGT TGATGATT TCCACACCAATGACGT TTGCAGCTTTCCAA
ACGOGCTTGTCACAAAGCTCCTGCTGGACT GT GGT GCT GAGGT GAAT GCT GTGGACAAT GAAGGGAACAGCGCCCTT
CACATTATCGT GCAGTACAACAGGOCCAT CAGT GA* TTTTTTGACCT TGCACT CTATCATCATTAGTCTAGTTGAAG
CTGGCGCT CACACTGACATGH * ACAAATAAACAGAATAAAACT CCGCTAGACAAAAGTACAACT GGGGTATCAGAAA
TACTACTTAAAACT CAAATGAAGATGAGT CTCAAGT GCCTGGCT GOCCGGGCAGTTCAGGCTAATGACAT TAACTAC
CAAGACCAGAT COCCAGAACT CTTGAAGAGTTTGT TGGATTTCAT TAAGT GACT GGATATGTAAAAT CGT TTAATGT
GGTGCTAAAAAGTAAAGGACT TTAATCACAGACAATAGAAT TATGTGT TCATAAATTCTACT TTTCTTTCCACTACC
CCTOCTCCCTACGTATCCTTCCTTAGT TTTGTATTTGGTCTTCTTGTCTCATGTGGTTATTGATTTCAAATACACTT
TAAACAAAGCCACATTGT TTAGT GTAACTATAATCT TAAGGT GT TTGGATATTGGTCACTTAGCTATTTTTTTTTTT
TT

>NCL_C19

CGACT GAGCGACTGAACT GAACT GATAGT TTCCAAAGATTTTTTGTG TTTTTAATCTCATATAAGCCTTTTAGTTA
TATGTCTTTAAAATGGGCTTAATAATGGT TATCTACCT TATAGGATTATT GGGAGAAGGT TATAATGAGAATTAAAT
GTGCTCTATTGCTTACT ACAGTGCCTGATACAT TGACATTATTAACT CTGTGT TCAAACTCTTTCTTTCAATTGACT
TGTGTCTCTTTTGTTTTTAAA* TTATATCTATTTTTAG TTAAGGTATAATATCAAGTAAGGT GCATAAATCTTAAG
TGTATAAATGT TATAAAACT TTCATTTGCT TACAT CCATGTAAT CACT TTCTAGAT CAAT AAGCAGAACATTGATGT
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CrAC TTTAAAAGT TTCCCTTGTGCCCTTTCTCAGTCATTTCCTCTCCCT T* CCOCTCCCAGAAGCAATGATTATTC
TGAGITCTATCTCTGTAGATTAGI TCTGCCTACACTTGAACT TCCTATAAATGGAGTCATACAGIGTACTCTTTTTT
TTTCTGTCTGECTTCTTTTTGITTAAGACAGT ATCTATGAGAGT CACCCACTGAGT TGCATGTATAAGTATTTTTAA
AATGT TTTATAATATTATGI TATATGAATGTATGECAGT TTATCCTGT TGACAGATATTTTGGT TGI TTTTAGITTT

AGTATTTGACTATTATAAATTGCGT TGGTATGAACATGT TTGTATATGTCTTCTGGTGGAATTTGIGITCATTTCTC
TTAAGTATATACCAAGGGGT GEGACT GTTGECT CATAGGGT TGGTGTATGT TTAATACT TTCT CAAGCAGTCAACCA
CCAAAGTGGTTGAACCAGAT TATATTCCCACTAGAAAT TTCCAT CAACAGGAGGEEGT TTCAGT TACTTCACATCCTG
GCCAATACTTGGTATTGTCATGTCAGTATTATTTATTTCATCTATTCTAGT GAATGTGTATTGGTAACTCCTGGT TT
TAATTTGCATTTCCTTCCTGAGTAATTATCTTGAACATCTTTTCATATGT TTATTGGT TGT TTGAATATATCGCTTTT
GAAGTATACTTCTTCAGTCTTTTC* ACATTCTTTAAAAAAAATGCAGI TGTTTGCTTTTTTAG TGATTTA* TCAGA

TAATCGATTGTAGATATCTCCAGTGAGTGGATTGCTGGTCACTTTCTTTAAAAAATTTTTTTTTAAATTTTTTTGTA
AGTCTAATCAGTTTTTTTCTTTI
>NCL_C20

TTTOCAATGTTTCAGTTCTGCAT TGT CTAAAAGAT AATACATCATAGCTACCCACAATGT GTGCTGCCT T ATAACC
AGA* TT* CGEGG* AACAAAAATAATTTTCATTAATAT* AAAAATT* * CAAAGCAACATAAGCAACAT CCTGGAAACC
ATTCAAAAGCCAAT TGOCGACTACTTTGAAGT* ACAAAAAACCCA* * GAGATCATTTCTTTATTTTTACCH ACTGGT
AGTGAAACACT GGCT AT TGATGAAGGT ACT AATAGGAAACGGAGT CAGTATTTATTTACGTCCGAAGTATATATTTC
TCCCACCT TCCTAGATTCCAACCT CCTCTATCCCT GATCTTTCAATCTTTCTTAAACTTACCCAGAAGAAGACTGTA
TAGATCAAAGACAT TTATAAT GCTATATGGCAACACAGAAT GGGT AACTCACCT TGTAAGTCATAAGGCATGGGTGT
CATGT GGAAAGGATGTCTGTAGT CTTGGAT GAGGGATGTGT TAATATAGCT TGT GT CTACAGCAGGGAGGCT TGGGG
TACGGGACACT GGAGATGCT TGAT GT GGAAGACTCAGT ATGCTAGAAGAAAAAAAGGTTTGCAAAATTTT* C+ ATGA
GTCAGCTGAACTT* AAGT TTAAT* AAAAGGGCAGAATCTCACAAT GAGTCCCAGH TTTTTG TGCTGAAAATAAAAA
CAAAAG: CAAAACAATATATAATTTAGACTACCATGATTATTAGGH AAATAATTT* G+ TATACTTAA* TAGCAGCTT
TC* AGAGGCTATAAGGAAAAGAGATGGAT GCAATGGTAT CCAACATT CATAAAT CACAT GTTGT CTTOGGAACACCA
TCTACACT CTTAGAATGCAGGCCAAAGGCATAGT T GAGCCACTTCAAT GAAAT CTAAGT GAAAAGTATAGCAGACAA
AATTCTAAAACCTT TAAAAAGTAAGT ACTAGGGTGT TGGCAAGT AAAAGAATAGGT AAAT CCTTGCAAAGAAAACAC
ATCTAACAAGACTAGGGGAAT GAAGCAAT CTGAGCAGT GAAGAGT TAACAGCT GGCCCT CAGACTTGTAAGATTTAT
GAGAATAAAAACTAGGT ACT GTTTATCTT GGAATACCT AAT GOCCAGCACAGT CACGAGGAATGCTGTTTGCATAAA
AGTCTGCTGAAT GAACGAAGGCAGCAAGACAAGCAGT AGAGAT CCTCCAAAAT GAACAGGT GATGGAGCGTTTTTAA
AGGGAGGACAGT AGAAAT GGAAAAAGAAAAAAGAACAAAGAGGGATTAGGGGAGAATAGAGGGAAATGT TTAAGTAG
CTGAGTAGTTAAGTAC TTTTTTACCAAAAAT TAATGAAAAGCAAAAAGGGGGATGT AAT AAAGGAAAAAGAAAAGG
GAGAATTAAAATGATTTTGAAAAGAAAAAGG: ATTCTCATAGTCCTGT GTGAAATCATAAGGGCCATATGCTATCCC
AAACATATAAGAGGCCATCAGATATGT TATAGAAAACAGAGAGACAGACAGAGGCT GTCH TTTTGCATTTAAAAGTT
CATGT AAAGTGCTGGGGGGT ATGGAGATGCAAT TTCAAT GGTAGAGAGTAT OCCTAACGATGCCAAGCAAGGCTGGA
TTTOCAGGAACAG CGTTCTAGT TATGAAGOGCTACCH TTGTTTTTATGAATGGGATAT GAAGCH ATAAAATACACT
CTCATCCATCTC* ATAAAATTGTTTTGTCTAATGGH AAACT T* AATTAAACTTCTTACATCTACAGAAAGTACCATT
TTCCATTAGCTATTTOCTCT GACAATACT CCAGGGATTATAAAGGAT TACAAGAGAGACAAAAGCAGT TGAAACGCT
AGTCTTTGAAAAACH ATCTTGGT ATACCAAAGAGCAAAGGAAAT TTCT GGAGGAATACT AAACACT CAGTGGCTGAA
GACGGCAAAATATTTTACATTTACTAATGT TTGOCTCTTTCTACT TCCTGGCT GRS TCTTTTTCTTCCAATTTTGT
GACTGTATTCTAAAATGATTTCCACCT TCACACTGCACAAT AACATAT CCAATATGCTGGGT TTAGGTTTCTATTTA
TAGGCTAGT CATTACTGAAAAAT GGGCACT GGTATTGAATATGGT GTTATCCT* ACTAAAAAA* * AAAAATCATAAG
* CTTTCAGGTAGCH TTGTTTTTAAATCTGAAAATAGAGAAAGGT TTGGCAT TTGCAAATACT CTATCTGGGT TCAAT
TAGTCACT GGGAAGCTCAAGAAGT AGT TAATGCAT CTAATGT AAT TTCOCAAACATAATAAACAAGCTATTTTTGGA
GAAACAGCACAGCAAAT ATTCAAAGAAGAAAT ATTAGAT TTCTAAACACT CAAAAAACAT TTCCTT TAAGGAAAAAT
GTTTACCTATATATGACTACTATCAATAT CCTTAAGAGTAGAACT TATGTATATAT AAT GATGCACT TAATCCATGA
AATATTTATACATCCAGATTTATGAAATAAAT TTTAATAGT GCTAAAATGGCAT TTAAAGCATGTAAGAATTAAAGA
TTTTAAAAATTTAAAAAAAAAAA

>NCL_C21

GTACTACTGICTTC* TTTCTTTTICTTTT**TTTTTTTTTTGCTTTTTTGGCCATACTATGCAGTATGTGGGATCTTA
GTTOCCTGCTGCTGCTAT GTCACT TCAGT CGT GTCCTACTCT GT GOGACCCCAT AGACGGCAGCCCACCAGGCTCCT
CTGTCCCT GAGATTCTCCAGGGAAGAATACT GGAGT GGGTTGOCATTATCCTTCTCCAAT GCATGAAAGT G AAAAC
TGAAAGGGAAGT CACTCAGT CACGOCCAACTCAAT GACCT CATGGACT GCAGCCCACCAGGCT COGCAGT CCATGGG
A* TTTTOCAGGACCA* GGEGT CAAACCTGT GT COCCTGCAGT GGT GGCT T GGAGT CCCAACCACTGGACT GTCAGGG
ACGTCCCTCCTGTAGGCTTTTTTTTTATTAANA

>NCL_C22

GOMGTTTTGTTTTATTTCCTGTCTTTTTT* TTTTTTTTTTTATCAAGAAT GGATGT TAACGT TTACTGACTGOCTT
TACTACATCTATTTAGATAATTATACAACTTCTCCH TTTAACCCATTAATGTGATGAATTAAAGTTATGGCCH TTTA
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ATCCTAAATGATCC AAATATTCTTGGGATAAATCCAGCTTAGT TATGATGAATTGCCCTTAATATAAGCTGT TGGA
CTTGATTTCCTAGTAGITTGTTTATAATATTTCOGTCTATGT TTGTGAGCGATTCTGGTCTGAATTTTCTTTTTCAT
ACAGTTCTTGATTGATTTTATTTCAAGGT TTTACTAACCTCATATGAGT TGAGGAGCAGTGCTTTATTTGATATTCT
GTATGTGAAATTAGAATCATTTGT TCTGT GAAAATCTGC* TAGGAAT TGCCTGGAAAATGCCAAGCCTTGTITTTTTT
TGTTGTTGTTGTTGTTTTTTAAGACATTGAAACTGATTTAATTTCCT TAATACTGT TGGAAACTCAACGCTTTCTTGT
AACAGCTTTGATAAGT TGCATTTTTCTAGAAATGI TTCCCTTTTTAATAAGTTTTT* AAATTCATTGGTGTAATGTC
CTTTATAGTATGCTCATTTTATCTGI TTAATCTCTTCTGTATTTGCAGCTTTCTTCAGT TCTCTGI TCCTATTATTA
CTTGITTATGCGTGCTGCCTACTACCCTCTTTTGTAATGAATCT TACCAAAAGT TTGTCH TATTTTATCTGGECCTTG
GCTTGTTGATCATCTCTATTGTATATTTGITTCATTTC

>NCL_C23

TACCGCTGGCT GBGGAAAAAT TACTGGCT ACGCGGEGTACCCAACAATATAT GGAAGCAATGEGECGT CCCGEGTTTTA
* TGCTGCCACTGGTGATTCTGCT TGAGT TTGGT GGTGGT CTGECAATCCTGT TCEGT TTCCTGACT CGCACCACAGC
CCTGITTACTGCGEGECTTTACGCTGCTGACGECATTTTTATTTCACAGCAACTTTGCTGAA

>NCL_C24

TTCTCCGAGTGGTATGCGCT GGAT CTGGT GAAAAACCAGGAT GECECGGT GGT GEGT TGTACCGCACTGT GCATCGA
AACCGGTGAAGT GGTTTATTTCAAAGCCCGCGCTACCGT GCTGECGACTGEOGGAGCAGGECGTATTTATCAGT CCA
CCACCAACGCOCCACATTAACACCGECGACGGT GTCGECATGGCTATCCGT GCCGECGTACCGGT GCAGGATATGGAA
ATGTGGCAGTTCCACCCGACCGEG

>NCL_C25

TTCGAGECCGCGECT CAGECGCACACCGACAAAGAT* GCAGECG TTTTTGECATCGGECAAAACGGTAGT TGAACTC
GG* TGACCGAACGCCCGCCAAGCAGT TGGCAGAAT TTGAGGAAGCTGCCTTTTTCF TTCCGGAATGGTCACCGCCAA
CAACGCTTCACGCTGTTCGECCCAGT TCGCAGCGT TCTGAGACGT AGCGCAGGECCGT GGAAGT TCACGT TGECACCGG
AAAGAATAT GCGOCAGCCGT TCGCCG

>NCL_C26

AGAGTAGGACACGACTGAAGT GACAT AGCAGCAGCAGGGAACTAAGATCCCACATACTGCATAGTAT GGCCAAAAAA
GCAAAAAAAAAAAAAAAGAAAAGAAAAAGAAAG ACAGTAGTCATCATTTATAATGGTGAGT CATTGAAAGCATCAT
TCCTTTAAGAGT AGAAT GAAACAAAAGTAGTCTGCTATCACCTCTTCT GCTCCACAAGACAGGGECAAGGCAGATAG
GAGAAAGAAGGAAACAACACTGTCATTATTTGCAGCTAACATAATTGTATATATAGAAAGCCCTCAAAGAATCTGT G
GATAAATTACGACAATTGAT CAGAGAGT TTACCAAACCAAACTTGTTAAATACAAT GCACCAAAGT TG

>NCL_C27

TCTCCAAAGAGATT TCAAGGCTACGCGECCAAACGAGAAGT GEGT TACCGATGT TACTGAAT TTGCAGT CAATGGEGC
GCAAGCTGTATTTGT CTCCAGTAATAGATCTCTTCAACAACGAAGT TATTTCTTACAGCCTTTCGGAAAGACCAGT G
ATGAACAT GGT TGAGAATAT GCTCGATCAGCCATTC* AAAAAGCT TAATCCTCACGAGCATCCTGT TCTG
>NCL_C28

GGAGT TCAAATGCACCT GCT CGCGTGAACGT TGOGCCGATGCGCT GAAAACGCT GCCTGATGAAGAAGT TGATAGCA
TCCTGGCGGAAGAT GBCGAAATTGACATGCAT TGT GAT TACT GCGGT AACCACTATCTGT TCAATGCGATGGATATT
GCTGAAAT COGCAACAACGCGTCTCCGECAGATCCGCAAGT TCATTAATGAGTATGT CCGG

>NCL_C29

AGCCOCGCACCGT TACCTGTGGTAATGGTGATGGTGGTGGTAATGGTGGTGCTAATGCGT TTCATGGATGT TGTGTAC
TCTGTAATTTTTATCTGTCTGTGCGCTATGCCTATATTGGT TAAAGTATTTAGTGACCTAAGT CAATAAAA* TTTTA
ATTTACTCACGGCAGGTAACCAGT TCAGAAGCTGCTATCAGACACTC TTTTTTTAATCCACACAGAGACATATTGC
CCGTTGCAGTCAGAA

>NCL_C30

GGCCTGCAGGAAGGAGECECCOGECT GUGCACCAGAGCCECCOGCOGCT CCCGEGET GOCGECCT COGCECCECAGCCT
CCATGGCTAACCT TCCGGOCAGGCCCT TCGOCCOGCT GCCGGTAGCT GCAAACAGGT TCCACT GBCCGAAGGCTGCG
AAAGCGAACAT CCA* GCGCLEEEEE0EEEECT CEEECEEECGAGAGCGAGAGOGCCCGCACAGCGECEOEEECCEEEG
GCGGAGOCGECEEEEEECOGT GACCAGGAGACGOGCCGCAGAGCGAGGGAGECGEEEECGAGCT CCCCEECaGEsG
>NCL_C31

GAAAGT GT GTATACGGCAACGTAT CCGEGEGT TCGAATCCCCCOCT CACCGCCATAT TTAAAGAAGAGCT CGTACGAA
AGTACGCCCTTTTTTTTCGTATAT TGCACACACCGGGEGECCGAT GAGAAGCCCOGACCGEGEGT TCGACAACT GGCGACA
GCCAGT TGGACAGACCGT GAACGCAGT GAGOGGEECT GCCCGCAGGECGAGCGAAGCGAGT CAATCCCCCCCT
>NCL_C32

TGTGCGCAATCACT TGCGAACGCACGCCGAAGGT CTGECCCACGT CTTCGT TGACGATCAGGT CGACGTAGCGCT GG
CGATAGOGCTGCTCGGT GTCGGT CAGGCCGTGGTGCTT

>NCL_C33

TGGCTGCGATCATGT CGACAATTAACGCCCAACTGCTGCAAAGT TCCGCTACGATCATTAAAGATCTCTATCTGAAT
ATCOGT CCGGAT CAAAT GCAAAACGAGACGCGT CTGAAGCGGAT GTCGGECGGTAAT TACGT TAGT TCTCGECGCGT T
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GCTGCTGCT TGCCGCCT GGAAGCCCCCAGAAATGATCATCTGECTGAATTTGT TGGECCT TCGGTGEGECTGGAAGT CC
G

>NCL_C34

GAGGTTACTCCGT TCTACAGGT TACGACGACATGT CAATACT TGCCCT TGACAGGCATTGATGGAATCGTAGTCTCA
CCCTGATAGTCTGATCGACAATACAAGTGGGACCGT GGT CCCAGACCGAT AAT CAGACCGACAACACCGAGTGCGGATC
GT GGTCOCAGACTAATAATCAGACCGACGATACGAGT GGGACOGT GGTCCCAGACT AATAAT CAGACCGACGATACG
AGT GGGACCGT GGT TCCAGACTAATAATCAGACCGACGATACGAGT GGGACCGT GGT CCCAGACTAAT

>NCL_C35

GAATGT GCCCACTTTTACGGCTAATCACCACATAACCT GATCOGGTGGAGATCCOCAGATCCGGCTGTTTGT TCTGC
CGT GAGGAGAGAAGCACT GCATCCAGT TGT TGCACCT TAAGCCAGT CGCGCAGCGAAGCGAGTAATGTCATCTGGAT
TTTCCTTCTTACAGGCTATCGAT TAACAATTTGOCTTTACGGAACAT CATCAG

>NCL_C36

ACCCTTTTTAACGT COGCATACT TGT CAGGCT TGCTGAGAGCCT TTAGAT GATAAT AAAACGT ACT GOGCGGTATCT
CCGCAGOCCTGAG AAGCTCATCAAGAGGATAAAACT* GCCTTAGCTCGT TGAGTACTTTCACTTTTTCGTGGGATG
AGGCTAAGGCTTTCAGCTTTTTTAGATACATAAGCCGCGT TTCAAGAAAT CGAACT TGCCTTTCAAGATCCTCAATG
CGTCGGTCTTTTGACAGCT

>NCL_C37

GGT CGTGGTOGECGGTACGGECACT TTCCGEOGGTCECGGT TCOCTGT TCGGTACAT TACT TGGTGTGCTGGTGATTA
CGCTAATCGGTAACGGT CTGGTGCTGCTCGGTATTAACTCCTTT TTCCAGCAGGTGGTACGCGGOGT CATCATCGTG
GT GECGGT GCCTGECGAATAT CTTGCT GACCCAGCGAAGCAGT AAAGCGAAACGCTAAACCT TAACGCCCCTGEOECG
GGT GCGGECAGGGATGAAAATTAATCGTATT

>NCL_C38

TTTAGTGACCATTACAAAACCTGT TGACAGAAAGT TAAAACAGT TTTGTAATGCATGT TACATAATAAAT CAAGGAG
TCCTTATGGGCCCT TTTACAGGT AAGACAGT TCTCATCCTCGGT GGCAGT CGT GGTATCGGT GCOGCTATCGTACGT
CGT TTCGT CACCGAT GGGECCAAT GTACGATTCACCTAT GCGEGEGTCGAAAGAT GCCACTAAACCCCTGGCACAAGA
GACTGGAGCGACAGCAGTATTC

>NCL_C39

CGCCGTTGACGT TGGTATTGCCT TGATAGT GAGCGT TGT CTGGT GCTGCTCCCGGT TTTAGT TCCCATGTCATGGAG
TCTTTGCTGAGT TGATAGCGT TCACT CCAGGT AAAATCGAT CTCACCT TCAGCGGEGCAGGTCATTAACGACAGGAAA
ATTOGTGECAACAGCTTTAAAATAGCTACTCAGT TTTTTACCTGACT TAACGAT CAGGT AGT CCAGAGT GBCACAGG
TCGATTCAAAATCGTTG

>NCL_C40

GAGAATGT AATCAT CCGATAATCAGT TCCCOGACCT TTTCAGGCCGGACT GATTAT CAAT GCGCCGAAATCGAATGC
GGACACCGCGGTGIGTTTGCACGT TTTGCACATGATGATTAAATAGGT TCTTCAGTATGAAT TTATCCCGTCAGGAA
CAACATACCTTACACGT TCT CGCTAAAGGT AGACGT AT TGCGCACGT CCGCGATTCT TCAGGCCGCGTCACT TCCGT
TGAATGCTACAGCC

>NCL_41

GAAGGT AT CGCGCTGEGECTTTATCTCCTACTGCGT GAT GAAAAT CGGTACCGGACGT CTGCGT GATCTAAGCCCGT G
CGTAATCATCGT TGCGCTGCTGT TTATCCTGAAGAT TGTCTTTATCGACGCTCACT AAAATCGATAGCGCGT TAAAA
ACCOGCCATGCATGATTGCTGECGEGTTTTTTATTTAGATCTTAACT CGCTGAATAAACT CACCAAATGCGGT CAAT
TGCCCGGTCAGGT

>NCL_C42

AAGTTGATAGGT CAGGT TGCCAAGT GT GT CGCAACGAT GAGCGCGAAT TAGCGCCAGGT CGGCGCGCAGT GEGCGT T
CGAGCAGCCAGGTTTTACCGTCGAGT GTCAGT GTCTGT TTGCCT TCCTCT ACGACGGTGCCGACACCCGT TGEEGTG
AGAAAACCACCAAGT CCAGCT CCACCACAGCGAAT TTGCTCGAT TAGCGT ACCT TGCGECACCAGAACGACGT CCAT
CTCACCAGATAT

>NCL_(43

TAAACCGGEGOGT GGATCTGACTGGTAACGCGEECAGCAGGAT CTCCAGCTCCCCACGATTGATCTCGTTGATCACCCA
CAT CAGOGGCACGGT GGCOGT TACACCAT CGCCAAT CGCGACCGCCAGCGGAT AAGGOCACGCCT CECGCAAGCCGT
AACCCAGCGTCATCCACAGCACCGGT AACGGT GACGOGACGAGAATCGACCAGAAAAGAGT GCGCAACGT CAGCCAG
AAGTG

>NCL_C44

ACAGCATGATGAACTTAATGCTGCGT TTGCAT CCGGGAAAATAAATGGT TCTCAGT TTGAGAAT TATAGCCGAAAAA
TACAGGAAACACGGCGAGAGCT TACCGGAGAGGCT CAGGCAGAGCGAGAAGCAGCAAAAGCGCATGATGAACAGGET T
GITGCTTTGCAACGT CTGAT TGCTCAACTTGATCCT GTCGGAACTCCTTTTAATCGTCTGGT AGAACAACAGAAACA
G

>NCL_C45
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TATTGCGCGTAACCAGCGT TTCT GECGT TAAGT CAGAGAACCAGGOGGTAAACAGT TTCTCGT TACAGT CBCGCAGG
CTCTGCGGECTTGT TAACGAT CAGCGT CCCTTTCTCT TCGECACGT TCCAGAATATAGGT CGCGTAGATAAACTCGGT
ATCAAACGGCGGGT CTTTACGCAT CAGGAT CACAT CGAGAT CGGCCAGOGGCAGAT CCTGTTCACCGACGAACGAAA
A

>NCL_C46

CATGACCGAGGGECGCTACCT GBCTCAAGT COGAGCT GT GAACACT GTACGATCGCACTGACAAAACT CATAGTGTCA
CAGTTTOCTAACGCCGGAACTTTACGAATTTCT GT GGT GGCGATACGGAT CATACGT TCAGCCGTCATATGGECGT GG
AAGAGCTGCTGCCAGT TGCTCTTTCATTGATGGCTGGT TAATAAAACT AATCACGTCGCTATTTTTAACTCCTG
>NCL_CA7

GCCCTTAT TGCCCGGEEGATGEEGAGT AAGCT TAGT CAGCCGT TGT CTCCGGGT GTCGOGT GCGCAGT TGCACGTCAT
TCTCAGACGAACCGATGACT GGAT GGATGGECCGOCGCAGT CGTCACACTGATGATACGGATGTGCT TCTCCGTATAC
ACCATGT TATCGGAGAGCTGCCAACGT ATGGT TATCGT CGGGTAT GGGOGCTGCT TCECAGACAGGCAG
>NCL_C48

ATTTCCCT GGT GGT CCAGTGGTTAAGCCT CAGT CCT TCCACAGCAGGAGGECACAGGATCAGT* CCCTGGTCAGGTAA
GCTAAGAT TCTGCATACAGT GCAGCACAGCGGEGEEGAAAAAAAAAAAAAAAAAAAA* AAACAACAAGT

>NCL_C49

AATCATACACCAGACCAAGT GGAATT CATACCT GGAAT TGTAAGACT GGT TCAGCATACAAAAATAAATCATTGT AA
TAGAGCACATTAACH AAAAT GGA* GAACAAAAACCCCAACCH ATCTCAGT TCAGTATAGAAAAAAATTAAACAAAAG
ACATTTAATTAAAATTACAACAACCCTTTCCTATGATAAAAAT

>NCL_C50

GTAGAATGACCT CTGAACT TCGAGCACCATTCCAGT TGTATAAGCACAAGCAT CCACTGAGCTATGAATCTCTGCAG
TAACAGCT GCT GGATCCACT GCT GCTAAGGAGATTGCTGAGGCCTGT TTTGAT GAGAGAATAGT GGCAAGAAAAAAT
AGTTTTTTTTAAAGT TACATTTGTAAAAGGACTTTGTCTTATTCTTTCC

>NCL_C51

ACT GCGEECCGEGET GEECACGCGAAGECGECGAGGEUGEEAGCCAGAGGAGOUGACAGCGCCCCCT GCTGGEGAAGACCAC
GCCATTOCAGCGT T TGGEGCT GGACACT TGGAGACCCCAGGEGCOCCT TGT TCAGCGT CACT AT GGCCAGCGGECAGAGC
TGGCCEEEGEOCATGGECCCCATCACT CACCACATGGAGT GGCCCAGGT ACTCATCGTAGT AGTAGAGCAGCT CAAAG
GAGTCGAT CTGGEEGEECAGCAGACCCCAGGOGEEEEEECAGAGAGGGT GEEGCT TCAGGAAGGGT G CEEGCCGOGCA
GCCCCCAGECTACCCT* CCOCCTGCCT GCCCAT GOCT CCCTTAACT GCCCCCAGT CCCTCCCT AT GGGGAGGAGEGGEA
TCTGEGTGGEEEECAT CCTGECTGEEEEEEGET TTGEAGCEGET GEEGET TTGEEEEEEEECEGACCTGECTCTCTCTGEGEGE
CACCTGTGATGGGEGT CGGCAATGT CTTTCGCOCT CT AGGACAGACCGCACAGCGGAGGT GGEEGECTCACCAGCGICTC
>NCL_C52

GGT TAATCCTGCCGT CAGATACCCCAGACCGCTCAAAAAGCA

>NCL_C53
CCTGTICCTAGATGAGGAAACTATTTGCCCAGATAAATTCATTTCTTAAAGCAAATAATTAATCTACTTATCCTCCTG
CATAAGAATTTCCCTGGGAT TTCCCTGGT GGT CCAGT GGTTAAGCCT CAGT CCT TCCACAGCAGGAGGECACAGGATC
AGT CCCTGGTCAGGT AAGCT AAGATT CTGCAT ACAGT GCAGCACAGCGGGEGGAAAAAAAAAAAAAAAAAAACAACAA
ASAATTTACCTTGATTT

>NCL_C54

GATAAGCAAGCT CCTTCACCCACCCT CATCCT GTGAAGTAGCGCCOGTCAGTACTTGTI TTCTCTTCTCCCTAGCTCC
CACCCTGGTCATACTTCTATTGTGCCATTAACTTGT TCAGGAAGGCYSGCGACT TCCCTGGAAGT CTAGT GGT TTAGA
CACTGCACT CCCAT GACAGCA* GAGGGCACAGGGT CCAT CCCTGGTCACGGAGCTAAGAT CCTGCATCCTGTGTGGC
AT* * GGCCAAAAAAAGAAGAAGGAAT TTCCAGCCCATCTGCATTTTTCCTACAGECATGT GT CTGT GTCTGGACACA
TGGAGAGCCCATAT GCAAGGGECT AGGGAGAAGGAAAT GBCAACCCACTCCAGT GTTCT TGCCT GGAGAATCCCAGG
GACGGEEEGEGTGCCT GGT GAGCTGCTGT CTATGGCACAGAGT CGGACACGACTGAAGCGACT TAGCAGCAGCAGCAGC
AGCAGCAGCAGCAGCAGCAGCAGCAGCAGCAGCAGCAGCAGCAGCAGCGAGATCGT* GCCCT* AAGTGTAACAT
>NCL_C55
TATATTTTATATCTACACACATACATGTATACATAACTGAATCACTTTGCTGTACACCAGAAACTAACACAACATTG
TAATCATCATATACTTCAATTAAAAAAAAAGT AAAGGT AGGAAGAAWT TAACT TTAAAACGAAACGACGAACGTAAC
GTCCGTCCGGTAGGTTTACTTTAACTAACCTTCC

>NCL_C56

GGATCAGGT CCGCGGTATTGGTCACGCT TTCOGCAECTGGAAAAAATACAT CGGCAGCCAGAAACCGGAATAGAACAA
AAAAN

>NCL_C57

CTGGCAGT CCAGCGGTTAAAACTCTGCCTTTTCATTGCAGGGEGEGCACAGGT TTGATCCCTGGT TGGEGGAACCATA
TGGCATGGCAAAAAAAAAAAAAAAAAACH ACAACCAAACCCAAACCVANVAC

>NCL_C58
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AACACCCECCAGEGT OGCTGCCCGEECTGCGAAGGT CAGGGCAT GAAGACCAT CGAGATGAGC

>NCL_C59

TWAAAAAAGGT AAAAAAAGAACAGATGAAAGTAATTTTAATTAATATATTTATTTTCC

>NCL_C60

AGTGATTGATCGAT CAGGGAT TAAAAGGCAAGCTTTTCTGATTCCAAACCCCAAGATTTCTCCATTAGATGATCCTC
TTCCAATTCTAACTCCAAAATGGAATATTTCTTCCAGT TCTAACACAGCATGAAGGATTTAGAAAATCACTGAATTC
AAAAATCAGGAAATTCTTGITTTGITGITTTTITTTITTTTTTTTTWCTTTTTTTYCCCCGCTGT GCTGCACTGTATGC
AGAATCTTAG

>NCL_C61

CCTGCGTGCGCAACCAT GOGGACCACGCTTOGGEGCATAC

>NCL_C62

AGAGGGACTGATTTTGGT TCTATAGGCACAAT GGT GAAATAACCT GACAT GATGAGAATTTTTAAACAAAAAAAT GA
GAAAACAAAAGCAAAAAAAANAAACGAAAAAAGCGAAAAAGGGAAACGAA

>NCL_LRC63

ATTGCCCTTTTTAGGAAAAGCACAAT CATGECAACCCAGGATTACATAGT GTCCTACAGT TTGCGAAAGCAGACGCCC
ATTCTCAATAGGCT CTGT GAGGT AAGAAGCAAGAAT CCACT TTAGTGAGGATCCCT CACT TTGAGGGGT GAAATGAT
TTGCCCAGAAT CACCTGGCT GEGAAAT GECAGT GT TGGGACT AGACCCCT

>NCL_LRC64

ATTGCCCTTTTTAGGAAAAGCACAAT CATGECAACCCAGGATTACATAGT GTCCTACAGT TTGCGAAAGCAGACGCCC
ATTCTCAATAGCCT CTGT GAGGT AAGAAGCAAGAAT CCACT TTAGTGAGGATCCCT CACT TTGAGGGGT GAAATGAT
TTGCCCAGAAT CACCTGGCT GEGAAAT GECAGT GT TGGGACTAGACCCCT

>NCL_LRC65

ATTGCCCTTTTTAGGAAAAGCACAAT CATGECAACCCAGGATTACATAGT GTCCTACAGT TTGCGAAAGCAGACGCCC
ATTCTCAATAGGCT CTGT GAGGT AAGAAGCAAGAAT CCACT TTAGTGAGGATCCCT CACT TTGAGGGGT GAAATGAT
TTGCCCAGAAT CACCTGGCT GGGAAAT GECAGT GT TGGGACT AGACCCCT

>NCL_LRC66

TTTAGACTTTACCAGT TATAT TGCTGGEECCTAAGAAGAAAAAAGCAATAGT GGCTCTGT TCCTCTAAGCTCAAGAC
TACTAGTATAGATTGTCAAGGA* TTTTTTTTTAAACAATTCTGAGT TAGAAGAATCAAAATGT TACATCCCECCTCAC
AATAAAAACAGT CT GAGAGCAAATTCACATATTACACATTTACCTGTACATTACCTGATACACAGAGAAATGT TATG
GGAA

>NCL_LRC67

CGTAAATGGT TTGACAAAAGT GCACAACAGGATGACATCACTGGTTTGT TATAAAT CACAGT* GAATTACTAGAATA
CAACAACGTAATTCTTCTAT GTGGAGGAT TGCAGGATGAGGT GAGTGT TATAAAAGATAGCCTCTTTCACCATGI TA
AGCCAGTCAGATTTTACTCCTCAGCTATGGACGTCTGAAAAGACT GGT TAGCAAAGCTAAGATTTTTCTCACTCATC
TTTTCTTCTCT

>NCL_LRC68

CCT GCGEGECTGCGACAGGOGCGT GCCCGAGCT ACGEGT CECCAGT GAAAT CCCCACAGGECCECECECECCCCEGAG
CGCGAAGGACGGCCECGT TTCACCCEECCCEECOCCEECAGGCCT AGGGCCT GAACT GOCT CGT CCT CCCGOCGECGC
CCGCCGOCCTCCCCAGGAAACCCGCAGECCCT AGCCCACT GGAGCTCAGAAACGOCAGACCCAGT CGAAGGT TTCAG
AGGTCCACGCCT GGGAAGECCCT CGGAGCGAGGEEGAACGCT GCCGECGOCAGCAGCCCT TEGEGCTCCEGACAGEEAG
GAAGGC* GEGACCTCTGCAGACTGEECCGAGH GEBEGGAGEGET G

>NCL_LRC69

ATTGCCCTTTTTAGGAAAAGCACAAT CATGECAACCCAGGATTACATAGT GTCCTACAGT TTGCGAAAGCAGACGCCC
ATTCTCAATAGCCT CTGT GAGGT AAGAAGCAAGAAT CCACT TTAGTGAGGATCCCT CACT TTGAGGGGT GAAATGAT
TTGCCCAGAAT CACCTGGCT GEGAAAT GECAGT GT TGGGACT AGACCCCT

>NCL_LRC70

GGGCCCEGEECT GCAGCGCTGGTAAACAACT CCCOCCACCCT GAGGAT GAGGAT GAGGACCCGGAGGCAGGGAGEGAG
CTGAGGAGGECCAECTGAACCAGECT GEEGCECGAGGT GGGAGTAGEEGTGCTCT TAGTGCCGCCTCCTCCTCCGAAC
TCCCCTTGGAGCTCCT TCCTCOCACCCCT TCACCCCACAGCGGAGEAAACCT CACAGAT GTGGGCT CAGCCACAGGA
GAT GCGGEGECOGAGCT GCAGGCAGT CGT CTGT TCCAGAGCCCACT TTATCCCAGGAT GAGCT GGGECCCAT GGGAGGG
GCTTTGOCCATGEGCTGACAGCTAGTG

>NCL_LRC71

TCTTATTTTTCCTCAGCCTATGGATTAGT CTATCAGT TATAKTTTAGACT TTACCAGT TATATTGCTGGGECCTAAG
AAGAAAAAAGCAATAGTGECTCTGI TCCTCTAAGCTCAAGACTACTAGTATAGATTGTCAAGGA* TTTTTTTTTAAA
CAATTCTGAGT TAGAAGAAT CAAAAT GTTACAT CCGCCT CACAATAAAAACAGT CT GAGAGCAAATTCACATATTAC
ACATTTACCTGTACATTACCTGATACACAGAGAAATGT TATGEGAACACT TTCGCT TCCTTACAGCAAAAATATACT
AGAAGCTAGAGAAAAAT GCAAAT GAAAAAAGAACATTCACTAACCTATAT CAAGTCTGT TAAAAATTTAAAAGGATA
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CCATTTCAAAAGCATGACTTTAACAAAAAAAAAGCT TATTAAGT TATGTTACT CTGAAACCT CATACACAAAAATAT
AAAACCTTGCA

>NCL_LRC72

CTGGEGAAGCTTGOCCCT GBGCCAGT GGCAACAT CAGGGATCTGCCTCAGGATTCCACCT TAGCT CAGT T TAAGGGAT
CCTCTTTTGTTACTGGCT GCACCT CTATGGAT TTCCCT GGT GACT CAGAT GGCAAAGCAT CTGCCTACAGT GCGGGA
GACOCGOGT TCGATCOCT GGGTCGRGAAGATT CTCT GGAGAAGGAAAT GGCAACCCACT TCAGTACT CTTGCCTGGA
AAATCCCAT GGACGGAGGAGCAT GGT AAGCOCGAAAGGAGT CGGACACGACTGAGCH GACTTCACTTCCH ACTTTCC
ACCTCGGAGGT TTTCTCTGCCTCACT GAGGAGAAGCGGAAACGACAT TTCCCAGAACCCT CTGCTTCOGCAGCGGCT
GCAGGCGGGAGGOCATT GGT AGAGAT TOCGAAGGCAGGT GCGAGGGAGT T TAGGGECACAGT TCTCCAGGGGAGTTGT
AGACTCGTGAAAA

>NCL_LRC73

TGATA* GGGAGGTCT GGEGGT GAT CGOGCT GGT GGACAGCAGT GACTGGOCT GTATCCAACAGCATCTGGATAAATCC
AGT GGAAACCGCGAGAGGECT TGCTGATGGCT GCACACCOCT AT GEGGAAAGCGCT GCAATAGCGACCAAGGAAACC
AGTTTATGGGCCAT GAGACT CAGGAGCTGGOCT GT AAAAGAT GACAGACACTGGCAT TTCCACCAGCOCTACA* CCG
TCCTCCOCT GCT GCCGRGCT AAGCGGAGGATGGAT GGACTACTTACT TAGCCAGCAAGT GAGACAGGAAATCTGCTC
TCTGACAT GTGAACTAGGAGGCT AGCT TGAGCCT T CCACAT TATAACT GAATAT GCCAGGAGCAAT GGACCCAGAGA
CTACGCCATGG

>NCL_LRC74

CCTOCAAAGAGAGCT GGGACCCCCAAACT CAGGAT CCT GAGT GGCACAGAT GGCCAGGGGRCAGT GGCAGCACCTGC
CTTCAGCCAGACAGGGECCGAGCAGGECCCT TGGGGT CAGCCCAGGGCT CCT GOCAGGCOCCAGACCAGCCACT TOCCT
GCTOCAGGGTCCCTCCT CCT CCT GOCT OCCAAAT TCACACCCCAAGGAAGCAGCAGCAGCOGCCAGT GBGACT TGEC
TCCACACT GCCT TTATTCACACT GCTCACCCCT GAT GCT GCCAGCT GACAGGGACT GACCGGEGGECT GBRGGACOCCT
ACATGAAAGGAGGAT TTGAGGCAGAGT CCCTGGCAGCACAGGAGAGGAGAGGAGEGECAGGGAAGGCGAGGTAGCCCC
CCTGAGCCCCT CACAAGCAT GAAGGCCAGCAAT GCCAGGAAGCGAGGCTGT GT GOCT GGCOCT GGT GCT GAGGT GG
GGGGCATCT TGCCAGAACAAGGCCOCCT T TCCT GRGAGT AGGECCACT GGT GECAGGT GT GGAT TCAGGCTGAGACA
CGCTGACGAGAGOCCCACGAT GTCTGCCT CTAGTGAGT GCAAGT ACT CAGAAACCT TGAGCAGGTG

>NCL_LRC75

AGGTTTTTTTAGTTCCTCTTCACTTTCTGTATCCT* CCAAAAGTAAACH ATTTTGGGTTTCAGGGGAAGT TTATTGT
ATTACTACAAACTCATGGGT TTAAACATATTTCACATGT TTCTGT TCATTCTTATTAATGGAAAATTTTCAATCTAG
CACATTGT GAAAGAT CAAAAAT T CTGAAAACAT ACAGAGT TGGT GAAGCT GTGAAAAAT GGTACAACAT CTGCGGAC
AGCAATTTAACAGTATTTAACAAATCATAAAAGGCACAT TTCCTTTGACACAATGATTTTACT TTCAGGAACTTATC
CTACAAATACACTCGCAAGT ATGCAAAGT GAT GTATGTACCAAGT CTAAATAAACAAAAGCAGTCTTGF TTTATTTT
* AGCAAAAACAAGGT AAAGAGAT ACT TATGCAGAAAAAT TAATAGCAGGATT

>NCL_LRC76

GTGCAT CACCT GACCGGGCAGAT AGT TCACCGGGGT GAGAAAAAAGAGCAACAACT GATTTAGGCAATTTGGCGGTG
TTGATACAGCGGGT AATAAT CTTACGT GAAAT ATT T TCCGCATCAGCCAGCGCAGAAATATTTCCAGCAAATTCATT
CTGCAATCGGCT TGCAT AACGCT GACCACGT T CATAAGCACT TGT TGGGOGAT AAT CGT TACCCAAT CTGGATAATG
CAGOCATCTGCTCATCAT CCAGCT OGCCAACCAGAACACGAT AAT CACT T TOGGTAAGT GCAGCAGCTTTACGACGG
CGACT COCATCGGCAAT TTCTATGACACCAGAT ACT CTTOGACCGAACGCCGGT GT CTGT TGACCAGTCAGTAGAAA
AGAAG

>NCL_LRC77

GACTTAAAT GAGAT GGT ACAT GTAAACAGCT GGAGGAGT GCCTGGAAT GTAGAAAGT GTTCGGTAAAGCCTAGCTAG
CATCATCCATCGOCATGT TTCATGOCT TTCAGCCACGT TTGCAT CCTCTGCTCCAT COGATCTCOCCGT CACCTATA
GACTTATAGGT GAGAGCCCAGTGTGATTGTATCTGT TGAGTA* TTTTCCTTCT TGAATCCTAGAGAAGCAACTGIC
>NCL_LRC78

AGAGAAGAAAAGAT GAGT GNGAAAAAT CTTAGCTTTGCTAACCAGTCTTT TCAGACGTCCATAGCT GAGGAGT AAAA
TCTGACTGGCT TAACAT GGT GAAAGAGOCTAT CTTTTATAACACT CACCT CATCCT GCAATCCT CCACATAGAAGAA
TTACGTTGTTGTATTCTAGT AATTCACTGTGAT TTATAACAAACCAGT GATGT CATCCTGTTGTGCACT TTTGTCAA
ACCATTTACGT GATTTTAATAAACATAGT AAACTT GCT GACT GCACCGGAGGT CTGTTAGTGATTTA
>NCL_LRC79

AAGGAATGCTTCTCCCTGTAT GACAAGCAGCAGCGCGGGAAGAT TAAAGCCACGGACCT GCTGATGGTGATGCGGTG
CCT GEGEGCCAGOCCAACGCCT GRRGAGGT GCAGCGRCACCT GCAGACT CACAGGAT AGGT GAGT GBACCOGGECTGG
GCCAGCT GCCACGGAAGGAGGAGT CTGGGT GAGTGGGT GBECCCT GAGOCCTATAGCTCT TGT COCAGGGACGCAGG
CAGGCAGGCAGGTCGRGT GT GACCAGCTCAGAGGT TTGAGAGGT COGTGT TAG

>NCL_LRC80

AGCTCCTGCCAGCT GCT GACCECGACGOCGOGCOCT CGCOGGRCGAAGT CTAGCGACTTCAGGCCAGGT GTCTCTCC
TTCOCCAGGACT CGCOGCCCACAT CGGEGECAGACAAGCGACT OCCAACGGT ACGGAGACCTTAGOGT OGGTCAAGCT
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CTCGCCCCT GGACCCAGGT GAGT GEGT GACCCT GGGCAGCCAGGCAGGEGAAGGGAT GGCCACAGI TATAGCCCCGC
CCCGTI CTCACAGOCGOGCCCAGAACCCAGCCGGEEGET CGGAAGREEECAGCAGEGOCAGCGACACGEEAGGECCGLCGEAA
GGCAGGAT GBCGCAGGAACCAGGEGCT TCTAGCCOCT GEGCECGTGCTCCATTGT TCTAGGAGATTTCCT
>NCL_LRC81

TGTAGATAAAGCTATAGAGATGCCCACACAGCAAGT AAGAAAGAGAT TGAGACTCCTGTCTCCTGGEGAGATTTATTT
CTGCAGGT TGGTTTTATCCAGCACAACATTTTGTAATTAAAAGAAATAAACATTTAAAGTTTTG ATTGAAATTT* A
TGATCGT TACAGGT GT TCTCCATCAGGAGATTCTAGAGGTACAGT TTGECAGAGCAGEGATTGGAAGTGT TGTGATC
TTGTATAGGTGT TATCACACT AACCCCGACAAGGCT GGACT CACT GGGGT AGACCAGTAGGAAGAACATGGGAAGT C
CAGACAGAGGAATGGECCCTGGEOCT GT CTCAGGGAAGGT AGGAAAGGAAGCACT GAAACT GOGT TTAGAACTCACTTA
TTTTCTCCTTTGITGCAGAAGGTATAGTITCTGACC

>NCL_LRC82

GCTAAGTCGCTTCAGTCATGT CCGACT CT GTGCGACCCCAGAGAT GBCAGCCCACCAGGCTCT CCTGTCCCTGGGAT
TCTCCAGECAAGAACACT GGAGT GAGT TGCCATTTCCTTTTCCAAGGAAGAACCCTACT TCATCTCAAAAAGACAAG
AAGAGGAAGAAGAAAGT TTCTGATTCAGCAATGAATATATAGT TGGATGAATCATGT CTCCT TCAGAAAATGAAACC
AAAGGGAAGAAT CTAAAT CACCT TCAAAAAGT T* GAGT TTGAAAAGAATGATGCAGGGAAAAGGGECTACACAGAGAG
GGAAGAAGGGAGEGAGACAGAGAGAGGGEGEGT GCGAATAGGAGEA

>NCL_LRC83
CTCTCTTTGAACCCTCTCTCCOCT CT GGAGGT GAAGT GGCCT GCAGAGCCACAGCT CCCCAGCCCAGTGGAACCAGC
CCCCACCT GCATCTGCOCCTGACCCCCCAGCCCT GGAGGCACAGGGAGGEOCAGCCAGGAGCT TGCGAAGAT AAGEGGT
CCTCACAGAGGCCCT GACCACAGGGT GAGEGGET GGAACT GACCAAATGCCCCTCTOGT GCAGCCCCCGRGACCCAT GG
GGTAGAGCT CCAGCT TGAGCCOCACT GGGAGCATGCCGGEECCCT GCACTGT TCCCTAGCACCCTGCACACTTCCCAC
AGCCAGCTGGT TACT CAGAGGCCT GGACCAGCAGCT TCT GAGCGGATAGT AACAAAACCAGCAAAAGCAGCT CCCGG
TACTAGCGCTTTCCCCCAGGCCCTTGTGICAT CCT CACT GT GACCCT GTGGRGAGGGACCCTAGI TGT TCCCATGGT
GCAGACGAGCCAGCGAGGAAGCECT GGAGCAGCCGAGEGECTCCTGRCAGT GGEEGCAGT GGRCAGCTAGCTCTGCCCA
GGCTACCCT GGAGCT CCACCAGAGEECGEGAGAGGT GGCAGAGGACGCOCAGGCOGAGGGEOCCCTTCATGCTACCTC
ATTAGGECCACT CCCAGCAGCCT AGGEGT TTCAGEGEGCAT TGCTAATCAAAGGCAGGCCAGRCGGTGEEEGT TTAGAG
ACAATTACCTGCTTTTATGCCTGT GGAGAGGT TGAAGGGGAACCTCCTGCCCTTTCAGAACT TTCCAGAGCCTGEGEC
TTTGGAGEGECAGACCACCAACAGGACCCAGCGECAGGAACCAGAGT GEACCCAGEGAAGCAAGGCTTCACTGGT TCC
TGTGAAACCCAATTCCCT CTAAGAGGGCCCAGCGECCAGT GGGGACAGGGACA

>NCL_LRC84
GCCTAATGAAAAAGGCCTCCTCT CCTGEGEGCCT TCT CCCCCACCGCCAGGGRCTGCCCCTARCCAGCAGTGAGEGT T
CATGAAGGT GAATCCACATGCOCACT GAGGACAGGATTAGAAGGAAT GGGT GACGACCACAGCT GGAGGGAAAGAGG
TGAGAAGT GAGAAGAAGCTTAGCCCATTCT TACCCATGGTGTGT CAAT GCGGT GACAGCTACAGEGEGECCATTCACC
GAACAATGTGCCTTTACAAGTATAGAGT TCTCATCAGT AACCTCGAGAGCT GGGRCCATTTATGCCCCCTTTATAAG
TAAGAAAACAAAGGCTCCAAGATGCCATGT AAATTCCCAAGGTGACT CAGCCACTCAGT TGCAGAGCTATCCAGI TG
CTTGAGTGGGATGGGTCAGCATGGAGGCAGECGAGT GCGATGAGATAACCT CTGGG

>NCL_LRC85

GCCGGACCCCTCCTTCCT GCGRGECT GCGACAGGOGCGT GOCCGAGCT ACGGGT CACCAGT GAAATCCCCACAGEECC
GCGOGCACCCCGRAGOGCGAAGGACGGECCEOGT TTCACCCGGEOCCEECCCGRCAGGCCTAGGGCCTGAACTGCCTCG
TCCTCCCGCOGGEOGECOCGECCGOCCTCCCCAGGAAACCCGCAGECCCT AGCCCACTGGAGCTCAGAAACGCCAGACGC
AGTCGAAGGT TTCAGAGGTCCACGOCT GGGAAGECCCT CGGAGCGAGGEEGAACGECT GCGRCGCCAGCAGCOCCT TGS
GCT CGGGACAGGGAGGAAGGCEGEGEECCTCT CCAGACT GGECCGA* GAGEGGGAGEGET GCGACCAGEGGACGGTTAAG
TGGAGTGICTCTTCCAAAGCCTA

>NCL_LRC86

CAGAGACTACGCCAT GGTAACOCCAAAGCAACT AGT CAGCACCATCCAAGT CTGACTGT TTTTGTCCTGACCACAGG
ATCTGCTCCCAGTGGAACACCGT ATACCACGGECCT GAGACT GBCAGGTAAGT TTCTGGTGGTGTGGGT TTGCCACTT
CTTGGGEEGATAGGATTAGAAAGGGT CTTACAGTCT TCACCT GT CCTCCACTCAGCCCTACCT GAGACCGCTACTGA
GGTCACTAATCCAGGCCT CCCCT GGAGAAAGT CACCAT TCTATGACCCCTACGATCT GT TAGACATCOCCTGCTCCA
GGT TTCGGCACCAGCTGTGEGGACTGCAGGECT

>NCL_LRC87

GTACTCTTGCCTGGAAAATCCCAT GGACGGAGGAGCAT GGT AAGCCCGAAAGGAGT CGGACACGACTGAGC GACTT
CACTTCCACTTTOCACCTCGGAGGT TTTCT CTGOCT CACT GAGGAGAAGCGFAAACGACAT TTCCCAGAACCCTCTG
>NCL_LRC88
CTTCCCCAGCAGEGEGERCECTGICGCT CCT CTGGRCT CCCGCCT OGCCGCCT TCCGTGCCCACCGECCCRCAGIGTCCG
CGGOGGOCACT AGAGEGECAGCGAGCGCCT GTCCTCCCAGEECOGEEECTGCAGCECT GGTAAACAACTCCCCCCACC
CT GEGGAT GAGGAT GAGGACCOGGAGGCAGEGAGGGAGCT GAGGAGGGECCGECT GAACCAGGECT GEGEECEAGGT GG
GAGTAGGGGTGCTCT TAGTGCOGCCT CCTCCTCOCGAACTCCCCT TEGAGCT CCTTCCTCCCACCCCT TCACCCCACA
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GCGGAGGAAACCT CACAGAT GTGGECT CAGCCACAGGAGAT GOGGECCGAGCT GCAGGCAGT CGTCTGT TCCAGAGC
CCACTTTATCCCAGGAT GAGCT GGEECCGATGEGAGEEECT TTGCCCAT GGECT GACAGCTAGT GCCAGAGCCACCC
CTGGACAT GGT GECCCCACT COCGAGT GAGGT GBGCTCACT CGT GTCACGCGEEGOCCTACATTGTCCTTCTGGGT TC
TCTTTTGGGCCTAGAAAGTC

>NCL_LRC89

TAATTGCCCTTTTTAGGAAAAGCACAATCATGGCAACCCAGGATTACATAGT GT CCTACAGT TTGCGAAAGCAGAGC
CCATTCTCAATAGCCTCTGT GAGGTAAGAAGCAAGAAT CCACTTTAGT GAGGATCCCTCACT TTGAGEGGTGAAATG
ATTT* * GCCCCAGAAT CACCT GECT GGGAAATGGECAGT GT TGGGACTAGACCCCT GECCCATCT CTAAACCACAGECT
ATAAAGCCCTAGACTAATGGTAGT TGT TAAAACAGT ACAAAGT TTTATTAAAGACAT CCTAATACCGTGGCTGGAAT
AATTTTGITTCCTTGTCCTCTTGCTGEACTTAGGT TTGTCATCTTGCTGT GTTTGCCATCTCCCGCAAGT GTAAGAA
ACACTTTCTTTTCCAAAACCCACAGT

>NCL_LRC90

CGT GT'CCAACTCTCT GCGACGCOCATGAAT CGCAGCACGCCAGGACTCCCTGTCCAT CACCATCTCCTGGAGT TCACT
CAAACTCATGT CCATTGAGT CAGT GATACCAT CCAGCCATCTCATCCTCTGTCGTCCCCT TCTCCTCCTGF CCCCCA
ATCCCTCCCAGCAT CAGAGT CTTTTCCAATGAGTCAAT TCT TCGCAT GAAGTGGCCCAAGTACTGGAGT TTCACCT T
TAGCATCATTCCTTCCAAAGAACATCCAGGACTGATCTCCTTTAGGATGGACT GGT TGGATCTCCT TGCAGT CCAAG
GGACTCTCAAGAGT CTTCTCCAACACCACAGT TCAAAAGCATCAATTCTTTGGTGCTCAGCTTTCT

>NCL_LRC91

GGT GACCCT GGGCAGCCAGGCAGGEGAAGGGAT GGCCACAGT TATAGCCCCGCCCCGT CT CACAGCCGCGCCCAGAA
CCCAGCOGGEGT CGGAAGEGEEECAGCCAGEGOCAGGGACACGGAGGOCGOGGAAGGECAGGAT GGCCGCAGGAACCAGEG
CTTCTAGCCCCTGECECGTGCTCCATTGT TCTAGGAGAT TTCCT TCTGAAATGT AAATTCTAAGATACAGT TAGAGG
AGGCCATCGCACGCAAGCCAGTCCAGTATTC

>NCL_LRC92

CTGACTAGTTGCTTTGGGGT TACCATGECGTAGT CTCTGGEGT CCATTGCTCCTGECATATTCAGT TATAATGTGGAA
GGCTCAAGCTAGCCTCCTAGT TCACATGT CAGAGAGCAGATTTCCTGT CTCACT TGCTGGCTAAGT AAGTAGT CCAT
CCATCCTCCGCT TAGCCCGGECAGCAGGEGAGGAGGECT GTAGEGECTGGT GGAAATGCCAGTGTCTGTCATCTTTTAC
AGGCCAGCT CCTGAGTCTCATGGCCCATAAACTGGT TTCCT TGGTCGCTATTGCAGCGCT TTCCOCATAGCEGTGT G
CAGCCATCAGCAAGCCCTCTCCCGGT TTCCACTGGATTTATCCAGATGCTGT T

>NCL_LRC93

CGCCTCCTTCATGGT GT' TGCT GAGCT AAGCACATGACACAT CTAAGT AAAGGGACACT TCCATCAAAACAACCTTGG
GATCGT TCAGCACCGTCT GGACT GCAGGT TTGAGACAACT GT GGT GAAAT GTCTAGAGCCCCTGGT CCCCTGGRATG
GGGCGTCACCCGT TGCTACGAGCACACCT CBCCAGGT GCCT CCACACCCAGCCAGAGAACTCTGBCTAACACGGACC
TCTCAAACCTCT GAGCT GGT CACACCCGACCT GOCTGCCTGCCT GOGT CCCTGGEGACAAGAGCTATAGGGECT CAGGG
CCCACCCACTCACCCA

>NCL_LRC94

GGCAGGGAGAGCAAGGAGGT GTAGAGGTCATGGAGGECGEEECAGGAGT AGAGAGAGAAGACCCCTACTGT TTCAGGG
CTGGECCTCCAAGT CCAGAGGACCCCCCAGATCTTTAAAGCAGGAAGACACATTTTAGGT AACT GBGGAGGAGATGGG
TCCCCCATTGACTCTAGCCCT GCTGATACCACGEGEGECCCCT GGT GCAGAGT AT GEGGGAGGBCAGT TTGCCCCCTGT G
GAGTCTGGTCCATCCCCGGT COCAAGAGT GTGCTGT CCCCATCCGECTACTGT TGGAAGGT G

>NCL_LRC95

CACAGATGGOCAGCGGEEECAGT GGCAGCACCTGCCT TCAGCCAGACAGGEECCGAGCAGECCCT TGEEGTCAGCCCAGG
GCTCCTGCCAGGCCCCAGACCAGCCACT TCCCTGCT CCAGGGTCCCT CCTCCTCCT GOCT CCCAAAT TCACACCCCA
AGGAAGCAGCAGCAGCCGCCAGT* GEGCT TAECTCCACACTGCCTTTATTCACACT GCTCACCCCT GATGCTGCCAG
>NCL_LRC96

TTTTTCTGCATAAGTATCTCTTTACCTTTGTTTTGCTAAAAATAAACAAGACTGTCTTTTG TTTATTTAGACTTGG
TACATACATCACTTTGCATACTTGCGAGT GTATTTGTAGGATAAGT TCCTGAAAGT AAAATCATTGTGT CAAAGGAA
ATGTGCCTTTTATGATTTGT TAAATACTGT TAAATTGCTGT CCGCAGATGT TGTACCATTTT TCACAGCTTCACCAA

CTCTGTATGTTTTCAGAATTTTTGATCTTTCACAATGTGCTAGATTGAAAATTTTCCAT TAATAAGAAT GAACAGAA
ACATGTGAAATATGT TTAAACCCATGAGT TTGTAGT AATACAAT AAACTTCOCCTGAAACCCAAAA
>NCL_LRC97

GCTCAGAGCTGCCATTTGECAGI TATGOCAAACACGEGAGTGCTTATTCTGT TTTGACCTGTGAATTACTCTCATTC
AGAGATCAGGT TGATTGTATCTTGAGCATTTAGTAAGGECATTCATTTTTCCTTTCCCAGTACCTGGTAAAGTGGTTC
TTTTCTGGATT CCCGACTACCCTAAGAAT TTGGTAAAAGCAT TCT CT GGAAAGGAGAAGGCAAT GGCACCCCACTCC
AGTACTCTTGCCTGGAAAAT CCCATGGAT GGAGGAGCCT GGT AGGCT GCAGTCCAT GAGGTCGCTAAGAGT TGGACA
CGACTGAGTGACTTCACTGTCACTTTTCACTTTGATCCATTGGAGAAGGAAAT GECAACCCACT CCAA
>NCL_LRC98

TTTAGACTTTACCAGI TATAT TGCTGGEECCTAAGAAGH AAAAAAGCAATAGT GECTCTGT TCCTCTAAGCTCAAGA
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CTACTAGTATAGATTGTCAAGGATTTTTTTTTTAAACAATTCT

>NCL_LRC99

ACTGCTCACCCCT GATGCTGCCAGCT GACAGGGACT GACOGGRGCT GEAGGACCOCTACATGAAGGAGGATTTGAGG
CAGAGT CCCTGGCAGCACAGGAGAGGAGAGGAGGGCAGGGAAGGCGAGGT AGCCCCCCT GAGCCOCT CACAAGCATG
AAGGCCAGCAAT GCCAGGAAGCGAGGCTGT GT GOCT GGCOCT GGT GCT GGGGT GBGGAGCAT CT TGCCAGAACAAGG
CCCOCTTTCCT GRGAGT AGGGOCGCT GGT GACAGGT GT GGAT TCAGGCTGAGACACGCT GACGAGAGCCCCACGATG
TCTGCCTCTAGT GAGTGCAAGTACTCAGAAACCTTGAGCAGGTG

>NCL_LRC100
TCGATTACTACGAAATTAAAAAT GATTCTACAT GT CAAACT CAAATAGAAAAT GOCATGCAATATATAAATCACTAA
CAGACCTCCGGT GCAGT CAGCAAGT TTACT AT GTTTATTAAAAT CACGTAAAT GGT TTGACAAAAGT GCACAACAGG
ATGACATCACT GGT TTGT TATAAATCACAGT GAAT TACT AGAATACAACAACGT AATTCT TCTATGT GGAGGATTGC
AGGATGAGGTGAGT GTTATAAAAGATAGGCTCT TTCACCATGTTAAGCCAGTCAGATTT TACTCCTCAGCTATGGAC
GTCTGAAAAGACTGGTTAGCAAAGCTAAGATTTTTCNCACTCATCTTTTCTTCTCTACCAATTACTAAGCAACAA
>NCL_LRC101

AGTATATTTTTGCT GTAAGGAAGCGAAAGT GT TCCCATAACATTTCT CTGT GTATCAGGT AATGTACAGGTAAATGT
GTAATATGTGAATTTGCTCTCAGACTGTTTTTATTGTGAGGCGGATGTAACAT TTTGATTCTTCTAACTCAGAATTG
TTTAAAAAAAAATMCTTGACAAT

>NCL_LRC102
ACCGAACACTTTCTACATTCCAGGCACTCCTCCAGCTGT TTACATGT ACCATCTCATTTAAGTCTCTTAATCCTCAC
AGAAACCCT CT GAGGTCACACTATTACCCTCAT TTTACAAGT GAAACAACT GAGOCCAAGA

>NCL_LRC103

GTACT CTTGOCT GGAAAAT CCCAT GGACGGAGGAGCAT GGT AAGCCCGAAAGGAGT CGGACACGACT GAGOGGACTT
CACTT

>NCL_LRC104

ACTCCCAACGGT ACGGAGACCTTAGCGTCGGT CAAGCT CTCGOCCCT GGACCCAGGT GAGT GGGTGACCCTGGGCAG
CCAGGCAGGGGGAAGGGATGGOCACAGT TATAGOCCOGCOCCGT CTCACAGOCGOGCOCAGAACCCAGCCARGEGTCG
GAAGGGEGCAGCAGGECCAGGGACACGGAGRCCACGGAAGGCAGGAT GRCGCAGGAACCAGGGCTTCTAGOCCCTGG
CGCGTGCTCCATTGTTCTAGGAGATTTCCTTCTG

>NCL_LRC105

AGT GCAGCAGCT TTACGACGGCGACT COCATCGRCAAT TTCTATGACACCAGATACT CTTCGACCGAACGCCGGT GT
CTGTTGACCAGT CAGTAGAAAAGAAGGGAT GAGAT CAT CCAGT GCGT CCTCAGT AAGCAGCT CCTGGTCACGT TCAT
TACCT GACCAT ACCCGAGAGGTCT TCTCAACACTAT CACCCCGGAGCACT TCAAGAGTAAACT TCACAT COCGACCA
CATACAGG

>NCL_LRC106
TACTTATTTAGCTTATATGCAGAGTACAT CAT AAGAAACGCT GGGCT GGAGGAAGCACAAGCT GCAATTAAGATTGC
CGGGGAAATATCAATAACCT CAGATAT GCAGAT GACACCACCCT TAT GGCAGAAAGT GAAGAAAAACTAAAGAGCCT
CTTGATGAAAGT GGAAGAGGAGAGT GAAAAAGT TGGCT TAAAGCT CAACAT TCAGAAAACGAAGAT CATGGCATCTG
GT

>NCL_LRC107
TTTGAGAAGGGGGGACCGAAT GCT GGGGAGAGT AAAACT GCTGAT TGAGAT GCTGACAAAGT TGACT TTGAAGACAG
TGGGATAGATGATGAATTTTGCTAATGGTAACAGATTTTTTTTTAAAACTATTCTATAGCAGTACATTGT TCACTAT
ATTGCTAAGGATCTAATTCTGTCTTGTAAAACAAAT CCAAATAT GTAT TGT GAAACACCT GTATAAAACCATTCTTG
AAACAAGTGATCTACATGOCTT

>NCL_LRC108

CACTGGGCT CTCACCTATAAGTCTATAGGT GACGGGGAGAT CGGATGGAGCAGAGGATGCAAACGT GBCT GAAAGGC
ATGAAACAT GGCGAT GGATGATGCTAGCTAGGCTTTACCGAACACTTTCTACAT TCCAGGCACTCCTCCAGCTGTTT
ACATGTACCAT CTCATTTAAGTCTCT TAATOCT CACAGAAACCCT CT GAGGTCACACTATTACCCTCATTTTACAAG
TGAA

>NCL_LRC109

GGCAGGCCAGGCGGT GEGAGT TTAGAGACAAT TACCTGCTTTTAT GCCTGT GGAGAGGT TGAAGGGGAACCTCCTGC
CCTTTCAGAACT TTCCAGAGCCT GEGCTT T GGAGGGECAGACCACCAACAGGACCCAGCGRCAGGACA
>NCL_LRC110
CCTOCTGCCCTTTCAGAACT TTCCAGAGCCT GGGCT TTGGAGGGGCAGACCACCAACAGGACCCAGCAGE
>NCL_S111

TCGTGGTCCCAGACT AATAAT CAGACCGACGAT ACGAGT GGGACCGT GGT COCAGACTAATAAT CAGACCGACGATA
CGAGT GBGACCGTGGTTCCAGACT AATAAT CAGACCGACGAT ACGAGT GGGACCGT

>NCL_LRC112
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GAATTGATGCTTTTGAACTGT GGTGT TGGAGAAGACT CT TGAGAGT GCCT TGGACT GCAAGGAGAT CCAACCAGTCC
ATTCTGAAGGAGAT CAGCOCCGGGAT TTCT TTGGAAGGAAT GATGCT AAAGCT GAAACT CCAGT ACT TGGGCCACCT
CATGCGAAGAGT TGACT CATTGGAAAAGACT CT GAT GCT GGGAGGGACTAGGEGGECAGGAGAAAAGGEGATGACAGA
GGATGAGAT GGCTGGAT GBCATCACCAACT CCATGGACATGAGT CTGACT GAACT CCAGGAGAT GGTGATGGACA
>NCL_C113
CGTGTGCTTGGTCACTTAGT CGTATCT GACGGT TGAGACCCCAT AGACCATAGCCT GOCAGGCT OCT CTGTCCATGG
GATTCTCCAGT CAAGAAT ACT GGAGT GBGT TGCCAT TTCCT TCT CCAGOGGAT CAT COCCACCT AGGAAT CGAACCT
GGGTCTCCTGCATTGTAGGCAGAT TCTTTACT GACT GAGCT GTGAGGGACCOCCTAAAAT TTGTAAT TTTAGACCAG
AAAGATCAGTTG

>NCL_S114

GTCGGTCTGATTATTAGT CT GGGACCACGGTCCCACTCGTAT OGT CGGTCTGATAAT CAGACT GGGACCACGGTCCC
ACTOGTATCGT CGGTCTGATTATTAGT CTGGGACCAT
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Appendix 5

Sequence used to design the sequence captur e probe.

This 73,072 bp sequence comprised of CLN6 and flanking genes Femlb and CALMLA4.

GI TGT TAAAACAGTACAAAGT TTTATTAAAGACATGCTAATACCGTGECTGGAATAATTTTGTTTCCTTGTCCTCTT
GCTGECCTTAGGI TTGTCATCTTGCTGTGI TTGCCATCT CCCGCAAGT GTAAGAAACACT TTCTTTTCCAAAACCCA
CAGTCTGAGTGCTCAGGCOCAGGEEECEECT CT CTCGECCT CCT CGT TCAAT AGT COCGCACAGGAATGGTGAGCTTCT
GGATGAACTCGTCATACTTCACT TTGCCAT TCGGT TCGATAT CTGCT TCCCTGAAGAGAT CCTCCACTGCGATAAAT
CACAGTAATTTCTCAGI TTGGCT TCAGTGT CATAT GAT AAGGCAT CCAGCT GEGEEGT TGAGCCT CCCCAGAGGTCTT
CCCTGAACCTCCAGT TGACT GCTTCCATAGGT GAGGAAGTAACCAGT GAACAGAAAAGGACAACCCECTCCCcTCCCC
CTTGGAGACCATGCGAATCAATTCTGAGT TCAT CTGGCT TTCT GCAGGGEECCAGGAT AGCGEEGT GTACTGGTAAGGAT
TCAGICAATAAAACCACCTTGTACCTTTTTTTTTCTTCAGAAAATATCTGGCT CCTGTGCCAGT AT TTCCAGAAAGT
GI TGECATGGATTTTACCT TCTACCGECCCGCCCTCT CAGACGOCCTCCATAACAGACACCCCTGCAGCTCCATCCTG
GGGCCCCTAGCCCAGCCT AT GECCTGCCT TCCAAAAT GACAT CCCOCCACCCCAAGAGGGEEECT TGGTGACAAAT GG
TATCTGCCACTATCATCTCTTTCTGAAAGT GI TTCGGAGGT GGGATAGTATAAGAGAAAATAAATTCAACTGTGTCC
AAGCT CAAAGCCTACAAAAACTGCCATTGT TCTCTAACGT TGCTCAGAAAAAAAGAAACGTACATTTACTGGTITCTG
GATTCTTGGCCGATAAAATACAACGCT TGT CCCAGGAGT TGACAAGAAGAGCCAGI TCAGT TTACACTTTTCAATGGT GG
CTTCTCAGGACCCTCCTCACCCTCTTACAAAACTCTCTCACTGCTCTGT GT CAACT TTGCCAGCCGCAGACAGCCCC
CACACAACT CTGGACAGT GAAAAAGCATCCTGTGACT TCCTGCT TAAGCAT CCTCCTCAAAATCGTAATTCCTATGC
ACTGCGTTTGAGCTGATAGTACT TCTGAGTACTTGTAGAACT CTGAGACTGTAATTTATCTTATTTCATGGAGGAGT
GICTACCCATCAACCACT TGGT TAAAACT GTCCCAATGGACAAGT CCAGT ACCGGT CACT GCAGCCTCCAGCTGICC
AGAAGAGGGEECAGCT GGAAT CTGATGGTACCT TCT GGT TAGAAT AGCAGT TCCCTGAAAAACCACAGAGAACCEGT T
TGCAAAGGAGGCCT CCTCACAGCCGT CTCAGCT CCTCCAAGGAT GCTTCTGCAGTAAACCAACT TTTCTATCACT GA
AGGTAAAGGAGTCTTACTTCCAGTATTACCTTTTCTAT CTCCCATAGCCAGAGGAAAAGGACATCAGTCTCTGECAG
ACACTGCCAGITTCTTTGAAATGTI TTCCTTACTGGT TAAACAAAT GAGAGAGATGT TTAAGT TTGEGCGACCATGGTA
TTGITTTAGACGGATCAT TAACCGCAAAAATGAAGGCOCCCT GCTGACCTCTGCTAACACTCCACCTGATCCTTAAAA
GGCTGAGT AGT GTCCT T GGAGCCCGEGAGGGAAGCATAGCCT GT GACT CCCTGT TCACGT TAAAACAGCCACAAT GA
AAGATGEGATTGTGATAGCT GGCAGCCT GGAAGAGCGEEEGAAGCTCCATCTGCCT TCTCTAGCCCTATTTTTACT T
CCTTTGCACTGTCCCTTTGT GACTCCAGATAAAATCTTAGCAGACTCCTTTATAGAATGT TAGCTCT TGCAGGGT CC
TGAGCGATTGCCTATTGT AACCT GATTTCCCAACGAGGAAACT GAGGAGCEGT GAGAGAGGT TAAGAAACT CACCT GA
GCTOCCOCCAGAAGGAGCGGEEGACCCAGGATTCAAGT CTGT TGTGATTTCACCAAACGCTAAAGGCCCATCATTACCGG
AGCCTTTTTCGT CCACCGACCGT GTCCTCCTGCCCCAAT CACAGGT GAGCCCGGECGECCT ACCCAGAAATTGCAGCC
TCTGCEEGET TAECGAGT GT GGACT CGEGT GGCAACCT GGCAT GECCACT GT GBCT GGACCCAGGEGEECCTGT CAGECCG
GCTGGEGAGGACATCT GCAAAGCECTCAGCAT TGEEGT CACCCTCACCATGAACATCCAGCT TTCCCAGAAGGCCCAA
GCCCCTCCTCTGECT CT GAGGCAAGAAGACAGGGAAGGT AGACAGGACAT TCCT TCT GGAAGAGCT CAGAGCTGECT
GACTCATGAGAAAAGGGAGCAAAGTAACATCTCAATTTAGAAACT TGGT GGCAGCAGCAACT TCAGAAGACAGCTGT
GGT GAGAGGAGT CCCTGAGCGAGGT CERAGEGT GEEEGT CCCAGT GT CTGCTAGCCCTGT GT CTAGCGCCTAGCTCT
GCTOGT CACAGGCCGCGCACTGCACCTGI TTCT TTAAT GEGT AT GAGAGGEGACACT GGT GAT CCTAGAGGT GT CGCA
GT' CATGAAGGCCCCCAGT GAAAGT TAGAAGACATAGAGT AATGCCCAAGT AGCTCCTAACTGGGTTTCCCTACTGTC
CCTTCACCCTGGCTAACTTCTGCCACTCACAGT TCCCTAGI TTTCCAGGT TCCAGT CCAGAGT TCACCAAGCTTAGC
ATCTAGTI CCCAACGT CCAAAT GCCAT CAGATGCAATGCCTACGT AACTGAGGT GCATGATTTGGACTTTGGTGIGC
CCCCAACCCCTTAGT CACCTCCCACT GT TGEGAAAT AGGGACCCAGACCATTACCTTCTTTGTGEGTGAGCT TCTCC
CCCAGTTGCATCAGT TTTGACCGCAAT TCAGATGCCATGATGTAGCCTTTCTTCTCCTTGT CCGCCATCAACATGGEC
CAAAAGAATTTCCTTTTTTGGGTCCTCTTGITTTATCTGCATAT GCAT GATGGT CAGGAAAGT AAAGAAATCCAGCT
CTCCGTITTCTGT CTAGGAAACCCCCAAACAGCAGAGT GAGCAAGGAGGAAAAGCCT TCTCTTGGEGATGT CAGCT GG
CCTCCTGCCCAAGCCTTCAAGCCCAGCTCAAGAGCCACCCAACT CAGGAAGCACCGT GGTGGTGETGI GT TCATGG
GGAAGAGGECTGCAGCCTGTCT TGCTGCGT TOCCCACCATGGATATGCCTCATTTAATCTTTTCAACAACCCTCAGT GC
CTGGACATCTCATTTTGCCCACT AAAGAGACAGAAGCT CAGAGCAGT GACAAGAACAGGATGAAGCACCCCTTTCTG
TACCCCTTCTGGAAGCT TCTCTCCTGCCCT GAACT GGAGGAAGT GCACCAACAT GT CTATCCTCCCCCT TTGACAGT
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CCCTGCAACACATCTACAAAGACAGCGT GGATGATGGEEECTCAAGCCTCCCTCACTTGCCCTTCCCT TCACTGCAGCC
TCCACCCCAGCCCACACCCOCT CCT CCAGGCAT GCCT GEGACCCT CAGCCCAGECTGEECT CCAACT GCAGGAAAT CG
GAAGT GCCCCTGCCCACACCTTCCTGT CT GAAGGAGACGGAAACCAAAGGAAACCAGCACCCT TTGAAGAGAGCAGG
GGT TCTOGGTGGECT GAGCTCCOCGT CACCAGECT TGEEECCT TCAGAGECCACCOCCAGCCCAGCCT CAGGACAAGC
TCCCATTGCOGCTGCACT CGCCCT CTGAT GEEGCCT TGGGAT CACCCCAGCAGAGGGT GGGAACCCGACT GAGAGAT
GGGCGAAACCGAGGT CCAGT TGEECTGT TGACCAAGT GT TCCTTCCTCTTTCCTTCCTGAGT GTCCAGCTATCGATGC
AAACAGCCATCCTGGCATCTGACATTCCTCCATCTCTTTTTAAAAAAAAAAGT TGCCACCACCAACAAAAAGCAACT
CGTTTTTGCTTGTAAAACTAGTATATGT TCTCT TCGCCAAAAACAGGAAACAAGAGGAAT GAAGAATCACCCATAAT
CACATCAGCAGAGCGACAACT TGGTAATGI TTTGEGTCSGTTTTCCTCTATGT TTTATTCCCATTTTGAACAGI TTGG
GGGAGCTCAGI CTTAGAAAT GAGAAT CTGGT TCCAATCTGATTCCACCAT TGECTTAAGGEECT CGGAAGT TACCAGC
TGGECTCTGAATCTTGATCTTTATCTGTAAAACTTGGAT TAGGATAGCECCTCCTTCATGGT GT TGCTGAGCTAAGC
ACATGACACATCTAAGT AAAGGGACACT TCCAT CAAAACAACCT TGSGAT CGT TCAGCACCGT CTGGACTGCAGGT T
TGAGACAACTGT GGTGAAAT GTCT AGAGCCCCT GGT CCCCT GEGATGGEEECGT CACCOGT TGCTACGAGCACACCTC
GCCAGGTGCCT CCACACCCAGCCAGAGAACT CTGECTAACACGGACCT CTCAAACCT CTGAGCTGGT CACACCCGAC
CTGCCTGCCTGCCT GOGT CCCTGGGACAAGAGCTAT AGEECT CAGEECCCACCCACT CACCCAGACTCCTCCTTCCG
TGGCAGCT GACCCAGCCGEECCCACT CACCTATCCT G GAGT CTGCAGGT GCCGCT GCACCT CCOCAGGCGI TEEEC
TGGOCCCCAGCCACCCECATCACCATCAGCAGGT CCGTGGCTTTAATCT TCCCECACT CCTCCTTGI CATACAGEGAG
AAGCATTCCTTGTACTCT GCCACAGCCCAGAAGCEGAGAGT CAGEGECCGECTTTTTCACCCTCCCCCAACT TCTCAATC
CTCTCTCCACTTTCTGCCCCTCCCCT TCCTTCTGCCTGCTTCOCAGT CCGCCT COCCTCCTAGAGI GGCCAGACCTA
GNCAAAAAAAAAAAAAAAAAAAAT AAACACGECANGT CAACT TCCCTTCCT TGCCT GCT TCCCACGT CCGCCTCCCC
TCCCTACGAGT GBCCAGACCT AGCAAAAAAAAAAAAAAAAAAAAAAAAANNCCAGCGCT GTCAAGGTAAATTGAGT T
TCAGATAAACCT CAGTCCAT GAGGTCACAAAGCGT TGGACAGGACT TAACAACAACATGCTTACAAAGGTATTTGIC
GITTATCTGAAATGTATGT TTAACTGCATTTCTTGCCT TTCATCCTGT CAACCCCATCCCCTTTCCCTCCTGACCGC
CCTTCTGCCGCCTCCCTCCCTGCTCCTGT CCT CAACT GACT AAAACCACAGT GGTCAAGAACCCCCCTGCCAGI GCA
GCAGACAT GAGACGT GGATTCGAT CCCTGEGET CNGGGAGGAT CCCCT GGAGAAGAGCAT GBCAACCCACT CCAGT AT
CCTTGCTGGAGAGTI CCCATGGACAGAGGAGCCT GGT GGECT GCAGT CCAT GAGGTGECAGAGT TGGATGT GACTGAG
GCAACTTAGCACACACAGEAAAACTTGCTCGCTCTCTTGT TCCAGGT CCAGCCCAGGGAGACGAGGAGCCCACAGCA
GGGCACCAAAT TCCTAGGGGATCT CAGCAAAT GACAACT TAGGT GBGGAAACAGAATAATAAT GCCT TGEGEECT TGCT
GGAGGACCAGAAACCCGLCT CTGEGAAGECCTGECAGAGAGGCCATCATACGT GGTGACAGAT AT CACAACTGGGAGC
TTCTGAGI CCACT GCTGCAGCOGECOGGTCT CCEEECTGCTGAACT CTCAAGCCGECOGCTCTCACACAGECCCAGECCC
CACTCAAGACT TCAACAGGCACT GCCTGGACGT CCTCCCAGCTCCCCGGAGATCTTCCTTACTGCTCTCTTTGAACC
CTCTCTCCCCT CTGGAGGT GAAGT GECCT GCAGAGCCACAGCT CCOCAGCCCAGT GGAACCAGCCCCCACCTGCATC
TGCCCT GACCCCCCAGCCCCT GGAGECACAGEGAGGCCAGCCAGGAGCT TCGGAAGAT AAGEEGT CCTCACAGAGECC
CTGACCACAGGGT GGEEGTGGAACT GGCCAAAT GCCCCT CT CGT GCAGCCCCCGEGACCCAT GGEGTAGAGCTCCAG
CTTGAGCCCCACT GGGAGCAT GCCEEECCCTGCACT GI TCCCTAGCACCCT GCACACT TCCCACAGCCAGCTGGT TA
CTCAGAGGECCT GGACCAGCAGCT TCT GAGCGGATAGT AACAAAACCAGCAAAAGCAGCT CCCGGTACTAGCECTTTC
CCCCAGECCCTTGI GTCATCCTCACT GTGGCCCTGT CGEGAGEGACCCTAGT TGT TCCCATGGT GCAGACGAGCCAG
CGAGGAAGGCT GGAGCAGCCGAGGEECT CCT GECAGT GGGEEECAGT GGGCAGCT AGCT CTGCCCAGGCTACCCTGGAG
CTCCACCAGAGGECEEGAGAGGT GECAGAGGACGCCCAGECCGAGEECCCCTTCATGCTACCTCATTAGGECCACTC
CCAGCAGCCTAGGEGT TTCAGGEECAT TGCT AAT CAAAGGCAGECCAGGOGGTGEEEGT TTAGAGACAAT TACCTGCT
TTTATGCCT GI GGAGAGGT TGAAGGEGEGAACCT CCTGCCCTTTCAGAACT TTCCAGAGCCT GEGCTTTCGAGEGECAG
ACCACCAACAGGACCCAGCGGECAGGAACCAGAGT GGOCCAGGGAAGCAAGCCT TCACTGGT TCCTGT GAAACCCAAT
TCCCT CTAAGAGGGCCCAGCGOCAGT GEEGACAGEGACAGCGGACAGEGEEECCACCCT GCACGCAGGACT TGAACT CA
GCCOCCOECOCCAGCT CCAGCGGACCT GTCT TGGTCACCCGAGCT TACCT TCCGT CTGAGT TTGCCT CTGCCCAAGAG
GI'GGGECCCACT ACCATCCTGGGACCCCAT CCTATGACAGT TGAGCACCT TCCAACAGTAGCCGGAT GEEGACAGCAC
ACTCT TGCCGACCGEGEGAT GCGACCAGACT CCACAGGEGEECAAACT GCCTCCCCCATACTCT GCACCAGEEECCCCGT G
GTATCAGCAGGGCT AGAGT CAAT GGEGEACCCATCT CCTCCCCAGT TACCT AAAATGTGT CTTCCTGCT TTAAAGAT
CTGEEEEET CCT CTGEACT TGGAGGCCAGCCCT GAAACAGT AGGEGCTCTTCTCTCTCTACT CCTGCCCCGECCTCCAT
GACCTCTACACCTCCTTGCT CTCCCT GCCAGGECCCT TCTCCT GCCAGACCT GCCTGCCAT CCAACATCCTGCTCACT
CCTTTCCTTTGT TGT CCCCACCT CCCCACACAGGT GAACCCT GT GAGCACAAGGAT TTGEEECTTCGCTGTGCACT G
CTGTATTTTTAATCCCT AGAACGGEECTGGECACAAAAAAAGGACT CAT AAT TGGCACAAAAAAAGGACT CATAACT G
TTGAATGAAAGAACAAAT TGGGT TAAATAAACT GGATTAAAATTCCCT TTAAGT TTTCCCTTTGAAAAT GCAAAT GC
CCCAAGGCAAGAAAGAAT CCTCCCCAGACCCAGGATAACACCAGCTGT CCTGEGAATGGAACCAACT CTGAT GACAT
CTGTACATGGTACAGACT TAAGAATGTATAGCATCCAACTTACAAGT AATAAAAATACT TTGATTATAAATCCCATC
TAGCCAATTGATTATCACAAGTGAGTI TTCTGCCAGCTCTTGTATCCAT TGCCAACCTACAATTTTGATTTAACCATA
AGT GAGGT AAGCTGCAGGCCAATGAATCCAACTATTTTCOCAATGACTACACTGTCATTACATCTGATGAGT GATCT
ACTGT TAAACTATTCCTCACCTTTGT GCAAAT TACATCCATTAAACT GAAGTCTTTCAAATCT TCAGCACTACTAAT
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TGCAACAGAGCTATCTTTTAAAAAACTTTTGTAGACGAACCGACATTCTTTCATCTTCCTTTGI TTAATAATAGITC
ACAAAATTCCTAAAGGT GTACCACGT AGCT CAT GCT AGCAAGAGCAAGCT GBCCCCGECT TACATCTGEGTGACGT C
CAGGCACAGAGT CAGGT GCGT GCCTGCCACCT GCTCTCT TGCTCACAGGAGCCT GATGAGCSCAGTGCCATTATTCCC
ACTTCACAGAT GAGACCACCGAGCCT CAGAGCCGRACTGGAGCCCAGGT CCACT GCCTCCAAGGT CCCTGGTCTTTCC
ATTCAACCAGICTTTCTTTCCTGAACGT TTGTGGTCCCTTTCTTTGI GTCAGACT T TAGGATACAAAGGGAAACGT A
CCTTCTTCCTTTCTGEGAGAT TCAGAGGECCCCAGAGEGAGCGGT CAGT GAGCCCCAGCACCATGT TTGGI GEGGEEECA
CACTAACAGCTGGATTCCAGCCCTGAGAT TCAT CAACCCTTGT GT TAAGACT GGGT AGGAGAGGCCCCTACCCTGGG
CCTTGGATTTTAAAAGT CCCTGCT CTGGACCCCGT TGAGEEGTAAGAATAT CAAGGEGECCTAT GBEGAGGOGECCTGC
AACCCACCTACCCT CTCTCCCTTATAGACGCT GCT GGT AACCAGAACT CT GCAAGT CCTGOCCAGGT AACCATCCCT
CAGITCATCTCCCTGCT TGAGCT CAGCTGAGCCTCCCCAGCAGEGTCTGECCCCTGECT TCTGT GTAACCCAACT CT
GI CGECTTGECCTTGTGGAAACAGAACCAGGECACT GTGEGAAACT GAAGCT GCCTGEEECAGGT TTGEEGAT TCACA
GAATAAAGT GCTCCAAAT GCCAACCCTAGCECT TGCCGT CAGGECAGAGEGATCT CT GAGGCCACCT CCACTGECCTT
CACCCTTTACAGAT GGGGAGACT GAAGCCCACAGCCTAAACAAAGCACCCT TTCOGAGAGCACAGCCCTGEECCCT G
TTCTCTTTCTCAGCCAGT TACAAAGCCCCCTTTTCAGCT GEGEECCCT CAGT CACAACCAGT TGGTGTCTGICCGACC
AGCCCCTCTCCCOCT CCGOCCCCAACT AT CAAGT TCTGGAGGAGAACCGAAGCGCT CCCCCT CCTGT CAGECCCTCT
TGCAAATCACACTGACGACT GTGT ACTAGGCACAGT TCTCACCT CCAAGCCT TATCCOCCGCCCCT CCACCAGECCC
TTCCTGGIAGCAGT CEECCCCTGECT TGI GAGT GGGOCCAGCTCT CCCACCAACAAAACATGAGCAGAGCAAATTAC
CTAATGAGACCCATATTTTGCTGCGAGT TGCTAAT GAAAGAACAAACCAAACCTACCATTAATTTGGTCCTGGGAAA
GANAACT T GECCT GCAGCAGAGAGAGAACAGT CAGGAAGGEGACT CCAT GAAAGCOCCCT GCCT CCCCAGCCCCEEEC
AGCCT GECCAGGOCACACAGATCCTCACCAT CECGEEECCT CCAGCT GOCACCCGT GEECTCGCTGCTCCCAGAACT
GCTTCCTGI TCCCCTTCTTCCOGGECT TCAAGT CGAAAGT CCGOCCAGCOGGEGET GRAGECCCCGGTAATAAATCCCT G
GCTGCCAT GGAGACCAGECCCACCECCAGGEGT CAGAT TCCACCT TCCTGT GCTCTGTGGAT GCCTGACT GT GAEGT
GGT GGCAGCCTGGATTTTGAGAGAT GGGAGCT GOCCGAGEECT TCECCAECACT TGGTCCTGCACCAGGAAGCTGAT
ATTCTGTAGCCAGAGGACAAGEECCGECTGT TCCTTCCT GBGAGCCCT CTGT GGACACTAAGAAGGGEGTCACCCAGAG
AGGEGATCGCT GEGT CCCOCAGECCTGCCT TCAGGGGTATTTCTCTCT GAGGAT TGCAT TAGGGECTAAATAGAGT C
TCCTCCTAGGT GTTGEECACT TTGCACATCCCCT T TAGGCACGT CACACACCACCTCATTAGI TCAGT TCAGTCGECT
CAGTCGTGT CCGACT CTTTGCGACCCCAT GAACCACAGCACGOCAGGCCT CCCTGT CCATCACCAACTCCTGGAGTC
CACCCAAACCCATGT CCATTGAGT TAGTGATGCCAT CCAACCATCTCATCCTGTCATCCCCTTCTCCTCTTGCCCTC
AATCTTTCCCAGCATCAGGGTCTTTTCAAACGAGT CAACTCT TTGCAT CAGGT GBCCAAAGTATTGGAGT TTCAGCT
TCAACATCAGI CATTCCAACGAACACCCAGGACTGGTCTCCTTTAAGGTGAACT GGT TGGATCTCCTTGCAGT CCAA
GGGACTCTCAAGAGT CTTCT CCAACACCACAGT TCAAAAGCATCAAT TCT TCGGCACTCACCTTTCTTCACAGTCCA
ACTCTCACATCCATACATGACTACTGGAAAAACCATAGCCT TGACTAGACGGACCT TTGT TGACAAAGTAATGTCTC
TGCTTTTTAATATGGGAAGGAAACCCT GCGT GACACCACAGCOCAGT GACAGCCACCT CCTCCGCCAGAACCCTGGA
TGCCACACACAGCAGAGAAAGGCGCCT CTGAGGAAGACCT CGGT GOCCAT TCCACAGCTCTGT GCCTCAGCATCCTG
GCCTTATGT TGAGAGT TAATGECCAGATGGTCCATTTTCAGCTTGAGTCAGTTCCTTCCCATTCTTCTGGGEEGTGT G
GTAGGT GCCCAT GCT GEGEGT CTCTGECOCCACCACAGCGCAACT CAGECEACTCAGAGEGAGACCTCTTAAGTGACTT
TCCTGGTCAGGAAGGCTCCCTCTTTTCTTCCT TCCCCT CCACTCCCCACT GCACT TCOCAGCCT TTCCAGCAGAAGC
TGCTGACTTTCCCCATTTCTCAGT GGT TTGTCCOCAGCCCACCCCTCCOCACACCCACT GAGGAAGT GAACGGEEGA
TGGAGCTGCAGCGCT GEECACAGCTGGEGT TCTCOCCCT CCT TCTCOGAGATCCCTGCTGT ATCCTGT GT CCACGECT
GGTGECTGCOGT GCCT T TCEEECCCCGACT CCAGCECCCACCCAGT CT GT CGASGACT GECAGGT ACGECCACACCGG
TTGTGCACT GCACT AGGGECT CCT GGT CTCEEEECCT GGAAAGEGECTGCAT GCGT GCCAGAGCGAGCT GGT GGTAATCT
GTAGAAGT TACATGGAT CAGGECACCGEEECCTGICTTTGTCTCCTGACCATTTCCT TGTGAAAGGT TCTCTTTTCCT
CGACTTCACACCCATTTCTAGACCCAGAAAGT TTTAGCTGECGGT TTCTGACT CCT CCAAGT TGEEGECT GAGGAAAG
GCTGGT GEGAGCAGGAAAGGAGEGCEAGT TTCTATGCGACT TACAGGAAGAAGAGGAGAGEEGACAT GAGECEEEECG
TTGECAGCGECCCCEEECACAGAGCGEEATCCT TGAGGEGAAGCCT GAAGAGCCAGECCOGEGEECTCACTTGGAATCACC
CTGTGITTGGAAAGGEECTCCTGEEEGAGATGT GAT CGT TGGECT GTACCCCGAGGT GCT GCGAGCCATATAGTAGC
CCAGCCTCGAGACCAAAGAGCOGAGAGACAGACAACAACTTATCAGAT GGGEGAAT CTTACGGATCT GAAGCCACAT
CCTGGAGCAACACCCCCCT GT GGACGECAGACAGCAGCGCAGGACACGEEOGCAECCT TCTGCTGCT CTGRAGGAGRAGG
CGGCTACCAGT TATAGAGAGCAT TGACT TCAGAAGGCT CAT CAGT TACCAGGGAAACCAGCT GGEEGECAGEEGECAGG
CGT GT GGACAGT CACAGATAAAGGCECCTGT GATGAACAGGACTGGACAGT CCTGTGT GT GAAGT AGGGACTGGTGGA
GCAGGAGATACACAGACAGCCAAGT GAACGGCCACCT TGAGT GBCCTGEOCATACACACCCACACAT CCTGCATGACT
CTCATGECCCTGCCCCTCTTCTGAGATAT CCCT GEGGT CAGGGAT GCAGAGGT GCGT TGCAACCGCAGANNT CACAA
ATAAAATGACAGACTGTI TGI TTTTGCTGATTAGTCTCTAAGT TGT TTTOGCTGT TTAGICTCTAAGT TGTTTTCGAT
TCTTTTGCAACCCCGT GATGACAGTAGCT AGCAGAATACCAAGAGT TCCCAGGT GGTGCAGT GCTAAAGAATCCGTC
CGCCAACACAGAAGACCCAAGAGACACOGEGT TCGAT CCCTGGGT CTGCAAGGT TCCCTGCAGT AGGAAGT GGCTACC
CACTCCAGTATTCT TGCCTGGGAAAT COCATGGACAGAGGAGCCT GECEEGECCACAGT CCAGGEEGT CACAGAGT CG
GACACGACCGAGT GCACACACAATCAAGAGTAAGACACAAAGAAT CCTAGATAGT AACT CCCT GAGACGCGAGCCAA
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CTTTGGGT GAATTTTTCATGGAAGT CCAGAGGAGGGAGGCCCTGCAGT CAGACT CGCCAGT GGT GAGECCAGGACTT
CCCTGATGCCTTAAT GGT CGGAAGT CCACCTGCCAAGGCAGGEGACACCGAGT TTGGT CCCTGGT TCCAGAAGATCCC
ACATGIT CT CGGAGCAACCAAGCCCCGCACCAT AACT ACCAAAGCCT GCACACT CCAGAGCCT GGGAGTCACAACT AA
TTAGCCCCT GT GCTGCAACT GCT GCAGCCCGT GTGCCT AGAGCCT GT GCT CCACGCCAAGAGGAGCTGCTCCAGI GG
GAAGCCCACGCT CT GCAACT AGAGAGCCGCCCCACT CT GCAGAGAAAACCCGCGCACAACCCAGACAGCGCAGCCTT
AAACCAACAAAGT GGTGAGGCCACCACT GT CACCT GGT COCCAGAGAGAT TCCCTCTGCTCAGGCTAGGGACGAAAC
ATAAGATGCTTAACAGGECACAGT ACAGECGAGAT CGTGEOCGT GAGCCAACACACAGGECAGT GACAGCATTCTGAGG
TCACACCACCCCAGCCT GTGGT TGECGT CCCAGCCT GCAGT CCCCACAGCT GGCGCCGAAACCT GGAGCAGGEGEATG
TCTAACAGATCGTAGEEGTCATAGAATGGTGACT T TCT CCAGEEGAGGCCT CGATTAGT GACCT CAGTAGCGGTCTC
AGGTAGEECTGAGT CGAGGACAGGTGAAGACT GTAAGACCCT TTCTAATCCTAT CCCCCAAGAAGT GBCAAACCCAC
ACCACCAGAAACT TACCT GCCAGT CCCAGGCOCGTGGTATACGGT GTTCCACTGGGAGCAGAT CCTGT GGT CAGGACA
AAAACAGT CAGACT TGGATGCGTGCTGACTAGT TACT TTGEEGT TACCATGGCOGTAGT CTCTGGGTCCATTCCTCCTG
GCATATTCAGI TATAAT GTGGAAGCCT CAAGCT AGCCT CCTAGT TCACAT GTCAGAGAGCAGATTTCCTGTCTCACT
TGCTGGCTAAGTAAGTAGTCCAT CCAT CCT CCGCT TAGCCCGECAGCAGCGERAGGACGET GTAGCECTGGTGGAAAT
GCCAGTGICTGTCATCTTTTACAGGCCAGCTCCTGAGI CTCATGGCCCATAAACTGGTTTCCTTGGTCGCTATTGCA
GCGCTTTCCCCATAGEEGTGT GCAGCCAT CAGCAAGCCCTCTOGCGGT TTCCACTGGATTTATCCAGATCCTGI TGS
ATACAGCCCAGT CACTGCTGT CCACCAGCCGOGATCACCCCAGACCCCCCT ATCAGT GTGCCAAGCCT CTCAAGECCA
GCCTCTCCTGTATTTCTTGCGAAACAT TTTCAGGAAACT TCCTAAAGAGAT CTCAGT CAAGAGGGACAGGAATCGCC
AAGCCTCCAATAATTTGCTGATCTCTTTTCCATTCTAAATATTCTTTCATATCTAATTTTATTCACTTTTTTAGAAG
TTTTCTTATCAAGCATACTCAAAACT GTGTAAGCCT CAGACCCCACAATCAGATGT GTGCCCACTTAGGTGATATCC
ATTAAGTCCTTGTATGGAGAAT GGECCT GGGACAGGGT TTGGAGGAAACACGCGAAT CAACGT AGCCGAGAAT TGAGG
TTACTAGSGACGTAGEEGECCCTTGTGCTTTGAGAGGOCAAGCECT GGAGCT GCT TACTGAAT TAAGAT TGTGCAGAT
TGTGACCT GCT GAGT GAGEEGEEECGEECAGECAGCACCT TCAGCATCCAGCTCCCACT CT GGGGGAGT GAAACCCAT
GGAGTI CCTTTTGAT TGAAGGCAGT TGGEECT TCCCT GCCAAT GCAGGAGACGCAAGAGAT GCGGGT TCAATCTCTGGG
TCAGGAAGATCACCT GGAGGEGTCCCT TGGAGAAGGAAAT GECTACCCACT CCAGTATTCT TGCCCAGAAAAT CCCGT
GGACAGAAGAGCCT GACAGCCTACAGT CCATGEEGET TGCAGAGT AGGACACAACT TAGCAACTAAATAAGT TTCTAT
ACATCCCCACCAAGAACATGAAATCACACAATTCATTAT TTCAGATCCOGGAAGCCAGGGGEECCCAACAACCTAGAA
GGGCCATCCTCATCCCAGGT CCTGAGCAGGAGCTAT TGAGCAGGACAGCAGGECATCT GT TACT CCCAAGGOGGTGGEG
GGCAGAGGT CACTAACT TCTCAT GGGT GTAGAAGGT CCCTGGGAAAAGCAAAGCAGGAAATTGT TGCAGGTATCCT G
AACTCCAGT CT TCACGT CTACACT CTGGAT GT GAGGAGGGT TCAGT TCAGT TCAGT CACTCAGT CGTGT CCAACT CT
CTGCGACGCCAT GAATCGCAGCACCCCAGGACTCCCTGT CCATCACCATCTCCTGGAGT TCACTCAAACT CATGT CC
ATTGAGTCAGT GATACCATCCAGCCATCTCATCCTCTGT GGI' CCCCT TCT CCT CCTGCCCOCAATCCCT COCAGCAT
CAGAGTCTTTTCCAATGAGT CAATTCT TCGCAT GAAGT GBCCCAAGTACTGGAGT TTCAGCT TTAGCATCATTCCTT
CCAAAGAACAT CCAGGACTGATCT CCT TTAGGATGGACT GGT TGGAT CTCCTTGCAGT CCAAGGGACTCTCAAGAGT
CTTCTCCAACACCACAGT TCAAAACCATCAATTCTTTGGTGCTCAGCT TTCTTCACAGT CCAAATTTCACATCCATA
CATGACCACTAGAAAAACCT TAGCCT TGACTAGACGGACCT TTGTAGCCAATATAACGT CTCTGCTTTTCAATATGC
TATCTAGGT TGGTCATAACT TTCCTTCCAAGCGAGT GTCTTTTTAATTTCATGCCTGCAATCACCATCTGCAGTGATT
TTGGAGTCCCAAAAAAT AAAGTCTGACACTATTTCCACTGI TTCCOCCATCTATTTCCCATGAAGT GATGGGACCAGA
TGCCATGATCTTCGTTTTCTGAATGT TGAGCT TTAAGCCAACTTTTTCACTCTCCTCTTTCACT TTCATCAAGAGEC
TTTTTAGCTCCTCTTCACCT TCTGOCATAAGGGTGGTGTCATCTGCATATCTGAGGT TATTGATAT TTCTCCCGGECA
ATCTTGATTCCAACTTGTGCTTCT TCCAGCCCAGT GT TTCTCATGATGTACTCTGCATATAAGT TAAATAAGCAGGEG
TGACAATATACAGTCTTAACGTACTCCTTTCCCTATTTGGAACCAGT CTGTTGT TCCATGTCCAGT TCTAACTGI TG
CTTCCTGACCTGCATATAGGT TTCTCAAGAGGECAGGT CAGGT GGTCTGGTAGT COCATCTCCCTCAGAATTTTCCAC
AGTTTATTGIGATCCACACAGT CACAGCT TTGECATAGTCAATAAAGCAGAAAGAGATGI TTTTCTGGAACTCTCT
TGCTTTTTCCATGATCCAGT CCATGI TGGTAATTTGATCTCTGGT TCCTCTGT CTTTTCTAAAACCAGCT TGAACAT
CTGGAAGT TCACAGT TCACATAT TCCTGAAGCCTGGECT TGCAGAATTTTGAGCATAACT TTACTGGCATATGAGATG
AGTGCAATTGTGAGGTAGT TTGAGCATTCTTTGECATTGCCT TTCTTTGEGAT TGGAATGAACACTGACCTTTTCCA
GT'CCTGOGGCCACTGCTGAGT TTTCCAAAT TTGCTGECATAT TGAGT GCAGCACT TTCACAGCATCATCTTTCAGGEA
TTTGAAATAGCTCCACT GGAATTCCATCACCTCCACTAGCT TTGT TCATCGTGATGCTCACT TGATTTCACATTCCA
GGATGT CTGECTCTAGGT GAGTGATCACACCATCATGGT TATCT TGGTCATGAAGATCTTTTTTGTATAGICTTTTT
GT GCAGTGAGGAGSGT TACCACACTGT AAAAT GCCT CAGCAGCAACT CTGAAGAACAAAGCTGCTTTCCTTAAAAGC
TGTACAGCCTACGATTGTGT GTCTCCTGI TCAGTGCAGATGT CTTGT GEGT TCTAGGAACGEGAGACTATAAAGCCT
CTGGT GGT TGGEGT GGTGAGGCAGAGACCCT CAAAGAT TAAGGECT GAGECCTCCAGGAGT CATGCGACT TGCCCAAG
GCTAAGT GCCAGCCCCCCAAAAACCT GCCCOCACCT CCACCCAAAGGACACCCTCTCTCCTTCAGI TTCTAGAAGEC
GCTAGCAGCATGECT TGEEEGECT CCAT CT GTAGACGCCCT CT GCCGECOCCAGCCCCACAACCCTCAGCCTCCTCCA
AAGAGACCT GGGACCCCCAAACT CAGGAT CCT GAGT GGCACAGAT GECCAGEEGEECAGT GECAGCACCTGCCTTCAG
CCAGACAGGECCGAGCAGECCCT TAEEGET CAGCCCAGCEGECT CCT GCCAGGCCCCAGACCACCCACT TCCCTGCTCCA
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GGGTCCCT CCTCCT CCTGCCTCCCAAAT TCACACCCCAAGGAAGCAGCAGCAGCOGCCAGT GGEECT TGECT CCACA
CTGCCTTTATTCACACT GCT CACCCCT GAT GCT GCCAGCT GACAGGGACT GACCGEEEECT GGEGEGACCCCTACATGA
AAGGAGCGAT TTGAGGCAGAGT CCCTGCGECAGCACAGGAGAGGAGAGGAGEECAGGGAAGECGAGGTAGCCCCCCTGAG
CCCCTCACAAGCAT GAAGGCCAGCAAT GCCAGGAAGCGAGECTGT GT GCCTGECCCT GGT CCT GEGGTGGEEEECAT
CTTGCCAGAACAAGGCCCCCT TTCCT GEGAGT AGGGECCGCT GGT GBCAGGT GTGGAT TCAGGCT GAGACACGCTGAC
GAGAGCCCCACGATGTCTGCCTCTAGT GAGTGCAAGTACT CAGAAACCT TGAGCAGGT GAACGAAGCAGGT GCCACG
ATCCT GAAGCCGEGACAGAGACCGAGT TCCOGEGEAGEEGAAGGT GECT CCGAACGACCACTGCCAGACCCCAAGATC
AGGCCCGECAGT TAEEEGAGEECT GACT CTGECT CCCAGCOCCCACGCAGCCT GCAGT GAGGTGAGGAT CCGEGGTGCA
CATACCCCT CCCAGGGT TGAAGAAGCCCAGCGACAAGGAGGAACCAT TCACCCCT CCCAAGECT GCCCTGAGAGGAGA
CGGCAACCAGCCCACAGCCGACT TGEGACCOGT CEECCCGT CTGCTGCEAACAT GECCCAGCGGAAGEEGGTGCAT TG
CAAAT GAGT ACACAGCAGGT TCACGGAACCCCT G GECCTGEOCT CAGEGT CAGGT GGT CTGAGEEGTGAGCCEEEC
GGTAGGGACAGGCT AAGT TCCCTCCCAACCTCT GCCCCACCCAGGCCT CTCCCCTGCGECTACCAGGAGACACCCAG
GAGGAAGAGACACCCCT GAECAGT GAGAGT GAGAAGCECCCGACT CCAGCGT GCACGGGAAGGCCEEEECCAGCTCTT
GGTCTGGACACACT GCCT CACACACACACACACACCCCCCACCCCCACCCCACCCCCTAT CCACAGGECACCAGCRT
ACTCTCACCCACACT CT CAGCTGCGEECT ACACACATGT GEGTGCACACAGECACACACT CCGCACACT CAGACACT
TTCGECCGT CCATCCCCAGT GAGT GCACACACACACACT CCGCACACT CAGACACCT TCGECCGTCCATCCCCAGT G
GGTGCACACACGCACACACT COCGACACT CACTCTCATCCATCCATCT CCCACCCACAGAGCACCAGEEECCTGIGC
CCAGGACT CAGTATTGECTGCTGACGT GGAGEGTGT AGAAGGOCCAGGECT CGEEGACATAGAT GACECCCGGEGTAC
TTCTTCCT GAGGACGEEGTCAT T CCACAGCCAGGCGACCCAGAGT GCCACGAGCAGGAGGECGAGEGECGAAGGAGTA
GAAGAGGAAGAGCECCGT TGCT GT CGAGGAAGAGGECGCT TCCGLT TCT GGT GCAGGACGAGEECCAGCAT GGCAAAGG
AGGTGAAGATGAAGAGGATGAAGATCT GGCCCT CGGTGACCAGGT ACCT GAGGAGGCAGGOGEECAGT GAGEGGT GG
GGGEOCCTCCTGCCCAGCCGT TCTGCCCT CTACCAAGCECCAGGCT GOCCTCCCAGCCEGET CAGAAGAGCGCAT CAAGG
GAGGEECECT COGCT CCGAGCCAGGGCCAGT ACACAGCAT TCCGATCTGGCT TCTAGAATTACTGT TTTTCAAAAAGTC
GAGTTTGI TGCCAATATTTAAATAACAGAT TACCTGCCGACGTGGOGT TCTGATTTCCCTCCTAACGT TAGGT TTAT
ATTCCCACATGACAATGACT GACGAGGAGAAAGCAGCT GCT CAGAGACAGCAT GECCOCGCAGCTTGOCACEGTCCC
CACCACTCCCT CCTGCCTCACCTGATGCCTACT TGATGCATTTCTATCTCT TGT CTAGT TCCGAAAGECATCTGAGT
TTGEGACGCAGT TTCAGT GTATGGEGGT TGT CCTGACTGT CTCCT TGAAGGCTGGGT CAGTCTCATTCCCCAGGGT TC
CCTCCAGCT CTCAGGECAGT AGCT GCCATATGGOCAGCGAAT GCAGTAACACT TGCT GGAGEECT TCCCAGAGGT TAT
CTCATCCACTCCCCT GCCTCCAT GCT GACCCAT CCCACT CAAGCAACT GCATAGCT CTGCAACT GAGTGECTGAGTC
ACCTTGEGAAT TTACATGECATCT TGGAGCCT TTGT TTTCT TACT TATAAAGGGGGECATAAAT GBCCOCAGCTCTCG
AGGTTACTGATGAGAACTCTATACTTGTAAAGGCACAT TGT TCGGTGAAT GBCCCCCTGT AGCTGT CACCCCATTGA
CACACCAT GGGTAAGAATGEGCTAAGCTTCTTCTCACT TCTCACCTCTTTCCCTCCACCTGT GGTCGTCACCCATTC
CTTCTAATCCTGTCCTCAGTI GBECAT GTGGAT TCACCT TCAT GAACCCTCACT GCT GECCAGGEGEECAGCCCCTAECG
GT GEECEAGAAGCCCCCAGGAGAGGAGECCTTTTTCAT TAGGCT GGAGECT TCCOCCCAGAGAAGGGCTAGGACACC
CACCCTTTCTAAGACACCCACAAT CCCTGGEGAGCCT GT CTCCAGAGCAGAAGT GACAGAGCGAGAGGGAAAAGCCT G
GCTGAGGCCTGGTCCTCT CGAAT GCGGAAGAGGAAACCAGGT GBGAAACCCT GAAGCCAT GGAAT TCCCCCGT AAGTA
TCCTTGTCGTCTCCATGAGECTTCATGGTI TTACGAGCCCCT CTCTCTCCCT CTGEGT TCTCACCAT GTCCCAAAAGG
GAGACAGCCTGCTATCATCCTCATTTCACAGAGCGGEGACAT TCAGCCCCCACCCCT CCCACCCT GCCAGCCTCTACA
GACTTCTGCTCTACAGCCCT COCCCEECGT TCCOGATGGCT CAGT GGGT GAAGAAT CTGCCT GCAACACAGAAGACA
CAAGAGACGCAGGT TCGATCCOCGEGT TGGGAAAAT CCCCT GGAGAAGGAAAT GECAACCCACCCTAGTATTCCTGC
CTGCGAGAATCCTAT GGACAGEEGAGCCT GGT GEECTGCAGT CCATGGECGCACAAAGAGT TGGAACGACT CAGCAA
CTAAGCACACACAGAAATTATCCTTCGATGTGGAT TCTATGGECCCTGAGGT TACT CTCT GAGT GTAGAGAGGCCAC
ACTCAGECCCGCCT TCCT GGT CACTGAGT GECGECCAGGAGGECACTGT CCCAGT CCCCACTGAAGAGGAGEGAGCAG
GGACCCCAACAGEGAGCGCTCACAGGECTCACACAGCAGCT CTCCGGT CGGAAGAATATTGTCACTGACT GGATCACT
AGGEEECCCCCTCCCTGCCACT CCAGGT CCACCAT CCACTCACCAGT AGT ACAGECCGCT GGGECACCACCAGGAGCA
GGGCTGOCCCTGECATTGAGCTCT CAGCT TTGGTGGGAGTAAAGCAGCCCCTGAAGT ACATGAAGAGGATAAGGAAG
AAGECGAT GTACCT GCCAATAGGEGAAGCCGGT GCTCAGCT GCT TGEECCECCCEECOGEECCAGCCCCCGI CCOCCCACC
GICCTAGGACTGTCTGCCTGTACCACCCTGTGCGET CTCACTTTGI T TGEGTGAGGGECACT CCCAGCCT CTCCOEEG
CGGEEEET CTAGGAAGGAAGATGAGGCCT GCAGAT CCGAGCCAT GEECAGGEECGT GBEGECCAACCT CCTCCCACAC
TGTCCCAGCCACCTCACTCACTCCCCGTGTGTGCATGI CTCTCTCACTCTCTCTGCCCCACACACT CACCCCAAGAC
CAGCAGCCCCCAGCCCCT CACTGCCT TGEGAAAGSGT GCACCCT GCAGEGT TGAGGGEEEGAGAGECCCAAGGT CCCA
GT CTGCEEEEAAAAAAGGEEGET GAGCEGAGGAACAGCACCT GCTGGEGACCT CCCAGGAGCTCTGTGAAGCTCCTTCA
CTCACACT CAGT CCCCAGCCT CACCCCCTTCCATTCAAAGCT CACCCAAGT ACCACCCTCTCTCCTCTCCACACACA
CACACACACACACACACACACACGCT GCCT CCCCACACGCCT GT GCCAGCT CGCACACCACCCTCTTTCTGT TCCCA
CCCOCACTCACCTCCTTCCCCACCTTCOCCTCAGI GBCCCCCACT CCCTCCGAGTCCAECCCTTTCATTTCTCCAGG
CCCCTGITCATCTCTCCTCCTCCCTTCOCCAGCCT TCCATGGGAAGEGT CT CCT GECACAGGCCAGGGAGAACTGGC
AAGAGGCCT GT GTGT GCAAGGACACCCTGACT TTCT AGGCCCCAAAAGAGAACCCAGAAGGACAAT GTAGEECCCGC
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GT GACACGAGT GAGCCCACCT CACT CGEGAGT GBGGCCACCATGT CCAGCGGGT GACTCTGECACTAGCT GTCAGCCC
ATGEECAAAGCCCOCT CCCAT CGECCCCAGCT CATCCTGEEAT AAAGT GEGCTCT GGAACAGACGACT GCCTGCAGCT
CGGOCCECATCT CCT GI GCTGAGCCCACATCTGI GAGGT TTCCT CCGCT GTGEEGT GAAGGEGEGT GGGAGGAAGGAG
CTCCAAGGGCCAGT TCGGAGGAGGAGGECGEECACT AAGAGCACCCCTACT CCCACCTCGOCCCCAGCCTGGT TCAGCCG
GCCCTCCTCAGCTCCCTCCCTGCCTCCEEGTCCTCATCCTCATCCOCACCGTGEEEGGAGT TGT TTACCAGCGCTGC
AGCCCCEECCCT GEGAGGACAGECECT CGCTGCACT CTAGT GECCECCECEEACACT GCGEECCEET GEGCCACGEAA
GGCEECEAGECGEEAGCCCAGAGGAGCGACAGCGCCCCCT CCT GEGGAAGAGCACGCCAT TCCAGCGT TTGEECTGEA
CACTTGGAGACCCCAGEGCCCCT TG TCAGCGT CACTAT GGCCAGCGGECAGAGCTGECCEEEGECCATGEGCCCCATC
ACTCACCACAT GGAGTGGCCCAGGTACTCATCGTAGTAGTAGAGCAGCTCAAAGGAGT CGAT CTGEGEGEGCAGCAGA
CGCCAGCECCEEEEECAGAGAGEGT GEEECT TCAGGAAGEGET GTCGEECOGCECAGCCCCCAEECTACCCT CCCCCTGC
CTGOCCATGCCTCCCTTAACT GCCOCCAGT CCCTCCCT ATGGEGAGGAGGEGEAT CTGEGT CATCCTGCTCEGEEGT T
GAGGEGT GEGT TGEEEEEECGACCT CCTCTCTCTGEEECACCT GT GAT GEGT CGCCAATGT CTTTCGCCTCTAGGACA
GACCGCACAGCGGAGGT GEEGECT CACCAGCGT CTCTGGCT TGAGAT TCT TGATGATGGGGT TCTCACGGACCGACA
GATGGT TCTGGTAGCCACT GAAGATCAGGECGEST GGT TCACT GAGT CGCOCACCAGGT GGATGCTGECCCCCATGATG
AAGGT GAT GAT GCTAACGTAGAT CAGGGAGOGT GECAAGGT GCGGEEEECACOGCTCGAT GAGCT GAGGT CAGAGSGA
GGCCCCACAGCATGACCCCT GACACCATCACCACCGGAGACGOCCTCT CCTEECOCCACT CACACCT GGAGT GGGAT
GGATGCCACCAGCCGEAAAGCCT CTCTCACACGEGET TCCCT CTAGEEGAGT CAGTCCAGCCT CCATCATCTTACACG
ATCCCT G GAACCCAGCAGGT GCT GCEEAAGAGCACCCT CT T TGGECGCAAGAAGGAACACACT CCGCAEGEECCAGCT
CATTGCTCAAGGT CAAACACACCCATATACTGT GCTCGAGAT GACAGCTAGGECCTTCCATAGAGECAAGCCAGECCC
TGACCTCCCACCACCCCTAATTCTACT TCTGSGTGACT GEECTGGACT GT TGAGECTGEGCTGCTCCCATTTCTGAG
CAACT GAACCAT GCAAACAAAAAT GT GEGGCAGGT GTTTCTGAAACTAAGT TGT TTAACTAAAGACCCCTTCAAATT
CAGAGACTGCACCTTCCTTACTTTGAAAGAAAGAAAAT GAAGT CACT CAGCTGAGT CCGACTCTTTATGACCCCATG
GACTGTAGCCTACCAGECTCTTCCATCCATGGEGAT TTTCCAGECAAGAATACT GGAGTGGGT TGCCATTTCCTTCTC
CAGGAGAT CTTCCT GACCCAGCGACT GAACCGEGGT CTCCCGCAT TATAGGCAGACGCT TTACCGT CTGAGCCACCAA
GGAAGT TCGGAAAT GTCT CTAAAAACACAAGGATGGEEGATAGTAAATAGCAGTAGT TTTAAGAGCCT TTACT TGGCA
AAATGCCAAAGCCAGCAGAGCAGAGAGCCCTCTAGGAGACAT CTCTCTGT TCCCAGT GECGCCT CAAAGT CAGGECTC
TCGGT CCGAAGGAGAGAGT TCACCCTCCATTGATGCCCT TCCTTCCT COGECCCCCACCT GCCTGCCCAACTGGTCC
CTGACCTCTTCCTGAGCAAGCCAGCCACT CCT TCCGCCT CAGCCT CCCCAAACACGGCT CCTCAAGCCCAGCCTTCT
TTTCAGATACT CCCGCCTGAAGGT CTCTCCCAGT TCACCCCCAGGCACAT CAGGT GGAGT CCCAAATCACAT GCCCC
TCCCTGEEGAAGYCT GCTCCATCCCT CCCAGGCAGAGGCAGCCCT GCCTCCCCT GGGEECCCT CAGGCCCTTGACACA
TCCCCTCTGTCATAGCCT TCGECCOCCAGAGT CAGGCAAGCGGEGACGECCT GAT TCAGEGECACT CCCAGGGECT GAGCG
GCAGAGCAGAGAAAGGAACGAGGGCAGEGAGGAAGAGCGAGCEGEECT TEEEGET AGT ACCT TGAGCAGGAGGAAGECGT
GATGATGI TGT AGSCCAT GT GGAAGT AGT CCCCCACCCT GEGCT TGT TGAGCGGAAACCACT CGAGAGGGAACACCA
GCTGGCGAGTAAGT GGAGAAT GCAGT TTACAAGCCCT GACCCACGCAGCCCTCAGAACTGCCTCTGCACACACTGT G
CTCTTTCTGIGATCT CCTGGAAT CCT CCTGECAGCACT GAGGTGAAGGT GT TTCCAGACAAACT GAGTCCCGGAGAA
GGTAGACGT GI' CCCCAGT CACACAGCAGGT ACAAACCCAGAGT CTGATCCTGI GTCCCTCTTCCTGT GGATACTAAG
TAAAGGTCCCT TGGT ACCCACCAGCCT GCGAGT TGGAAGAT CCT T TGGGACT CAAGCAT GCCAAAAACCT TCTGEGT
GACCCCAGGCCAAGT TCTTCCCTTCT TCCTGCCTCAGI TTCCCCATCT GTAACACGAAAT GTGGCCCAGATGGT CTA
CATGGACCCTTAGI GGTCTGGCT CCT TAGAAT GATGACAAGAAAT GCT GACCACCCAGGT GT GAAAAACGCCCTGTC
CACTGAGCAGATGGACCACT TCCCAAT CAGGT CAGAACTATACCT TCTGCAACAAAGGAGAAAATAAGT GAGT TCTA
AACGCCAGI TTCAGTGCTTCCTTTCCTACCT TCCCT GAGACAGGECCAGGEECCAT TCCTCTGTCTGGACT TCCCATGT T
CTTCCTACTGGTCTACCCCAGTGAGT CCAGCCT TGT CCGEGT TAGTGT GATAACACCTATACAAGATCACAACACTT
CCAATCCCTGCTCTGCCAAACTGTACCTCTAGAAT CTCCTGATGGAGAACACCT GTAACGATCATAAATTTCAATCA
AAACTTTAAATGITTATTTCTTTTAATTACAAAAT GT TGTGCTGGAT AAAACCAACCTGCAGAAATAAATCTCCCAG
GAGACAGGAGI CTCAATCTCTTTCTTACT TGCTGI GTGEECATCTCTATAGCT TTAT CTACAGCAAGATATACAGCT
GGCCGAAACACCCGGTGATAGCAAAGAAT CAGAAAT AGGCCAACT CTTCAACCAAACAGGACTACT TGAATACACTA
CAGCACCTCTTTATTACAGAAGGT TAAGCAACCAT GAACAGAGATGACACCTCGTAT GT GCTGACATGGAGAGCTAT
CCATGAAACAGT CTAAAGTAAAACAAGTAAGCTATAGACTAAGGTATAAAGTAAAATCTTATTTTGGT TAGAGEGGA
AAAAAGAGATGT ACACATGT GT TGCAT GAGCAGAGAAAGGAGT GGAAGGAT GCGCCCCAAACAGT CAGAAGT GCGAC
TGCAAAGGGAGT CTCACACTTCTTTATATTACT GGGGATGAACT TACTTGT TATAGAACCATGACATACTACTTTTA
TAACTTGTAAAAGGTTTTATTTTGCAGT TATTAAAAAT TTGAGACTAT CATGTATACAT CTGAAAAGCT CATGTATA
CACTAGACCTTTTCAGATGTATGCTCCTCCTGAGCCCACT TAGGECT TACAGCGGECCACAGCGACTCTAAGCAGEATG
GCGEGAGGT GATCT GCCCTACCGGEGAGCCCT AT TAGGCCAGAT GAGGCT GAGT CT TAGT GAGT GAGGAGAGCCACG
AGCCACCCTGECCTCATCTCCTCTCTCCCTGGAACACCAGT TTGATGGECAGCTCCTTTGTCCCCTGGAACCTTTGT
GCTGCAAGGGEEGECT CAGGT CAGCTGGTCCAACCAGT CTTCT TACAGAT GAGAGAACCAAAGCCCAGATGATACTGCT
GCTGCTCCTGCTGCTAAGT CGCTTCAGTCGTGT CTGACT CTGTGCGACCCCATAACGECAGCCCACCAGECT CCCCC
GT'CCCTGAGAT TCT CCAGGGAAGAACACT GGAGT GGGT TGCCAT TTCCTTCTCCAAT GCAGGAAAGT GCAAAGT GAA
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AGTGAAGT CECTCAGT TGTGT CCGACT CT TAGCGAT CCCATGGACTGCAGCCTACCAGECTCCT CTGCCCAT GCGAT
TTTOCAGSCAAGAGT AT TGGAGT GEGT TGCCAT TGCCT TCT COGCAGATGACACAGACT TGCCCCAAAT CACCTACA
AACCTGACTGEGTGCCCTGACTCCTGCEGT CAGTCCCTTTTCTTCACT TACATTTAAAATACAGCTTGTAAACCTTAC
CAAAAGCCT ACAGAAAGGAGACT CAGCAT CCACCATACCTCCTCCCCAAAACCACT GCCACCAGCTTTTCTTCATCC
CCGTGAAGTCTTGGATCCCACGTATATAAGAT CGT TTGGECCGT TACT GACTGGCAGECAGCTCATGTGCATGCCAC
CCAGGCATCTGI TTTCTCCT TAAACCT TCCAGAATGCTCTATAGTACCCACAATTCCTGT TYACTGCCCAGACAGCA
TCCTCCATCCTGCATAGAGCAAAGCT GACT TACCCAGT CCCTACT GCTGGACACTCAAGTCCCTTCCAGGT TTTGEC
TATTGT GAGCAACACTGCAGT GAACACCT TTGGCACAGGCT CTCGOCTGTGAT TACATCT TCAGGGECAGATTCTAGG
AAAGGGT CGTACTGAGCCAGGCGGGAT GAACATAT TAGGGT TCT GAAT ACAAT CAT GAT GGAAAT GGEGEGGT GAGCT
CTGEEECCAGAGT GCCT GEGT GEGEGT GECAGATGCTGECT CCTCCACT TGOGGACT GGGTGACCCCGAGCCACGCTA
CTTACCCTCTCTGICCAAAGT CTTCT CATCTACAAAACCGAGAT TAACAATAGCACT GATCCGAGAATTAAGAAGT T
TAAACACATAAAGATCTTAACTGCTACTTCTAGCT TACTGTAATTATTGT TATTCCTTTAGGACAGGAATATATCTT
GCTAGGCACTATCTAAGTACCAGT TATCACCT TGACCATCTGCT TTCCCAAAGGACTTTGCTACTTTGCAATATCAC
TCGCATGIACAAGGT GT CAGCTTCAGAGCTCGATATTGT TGT TTTTACCACCCATAT GCAAAAATTAACACCT CAGT
ACATGGTGATACCTCACCTTCTGI TACCTATCTGI CTATCCATCTAGCTGT CTAGCT GCTCATCAAGTGAGEGECT T
TGGTGCTCTTCCAGT GI TAATCT CCACAGAGGCCACCACT GT ACGCT GAGGCAT GEGGT GECCT TGGAGAGAAGEEG
ACGGTI TTCACGAGACGACACT AAAAAT TACCCAAGGCT CAAGGCACAT AT GACACGCACACT CAGCCCATACTCTTC
ACCTCCAGAAAACACAATTCT AT CCAAGCCCTGT GGGCAAGACTGGTAGGATCCTTTTCCATACT CCACTGTCTGAAT
TGGTCCTTTGGT TCAACCTGAAT GOGAGATACT GEGECAGGT GGT GEGGT CACACCACAGTACGACTGT TCGGATCC
CCCACT CT CTGGCAGCT GOCACACT GGGT ACGGOCGCAGCACTAAGGGACCGCATTCTCACAGT GTACCAGT AGEGEG
CAAGGCCTTGI CTGAGGT CACTCTGATCAT TCAGACCACACT GT CTCCACACT GCCAGT YGGEGEGEGEGT TCCATCCACA
GCTTCATGCTCACCATGGECT ATGGEECEECCAAAGT CCAGAACCCAGT TCT GCAGAGT GAAGT AGAACCAGAGGT CA
AGGTGGAAGGGAGCCGT GCCAGCAGCCTCGT CAGCCT TGACGGAGCT GTGCCT GEGAAAGAAGT AAACGAAAGCAGT
CAGCCCTCCTCTCCT CCATGGGAAGAT TCCOCACCAGRACAAGCCACAGCGAAT TTGT GGGCAGGAGGAAACACACAT
GGTTAAGT TCTAGGCAAAGGT TTGECT CGAAGT ACT CGGEECCT GGEEGAAGEGATCGRAGAT GGACT CCGTCTACCC
TGACAGTTGCTTCTCTAGGAT TCAAGAAGGAAAAT ACT CAACAGATACAAT CACACT GEGCTCTCACCTATAAGT CT
ATAGGT GACGGGCGAGAT CCGATGGAGCAGAGCGATGCAAACGT GCCTGAAAGGCATGAAACAT GGOGATGGATGATGC
TAGCTAGGCTTTACCGAACACTTTCTACAT TCCAGGCACTCCTCCAGCTGT TTACATGTACCATCTCATTTAAGTCT
CTTAATCCTCACAGAAACCCT CTGAGGTCACACTATTACCCTCATTTTACAAGT GAAACAACT GAGCCCAAGACGTT
AAGTCCTGT TGTGCTGI GOGT AAGCAGT TGT GT CT GACT CT GTGCGACCCCGT GGACTGCAGCCCACCAGECTCCTC
TGTCCATGGGEGATTCTCCAGCCAAGAATACGEGAGCAGGT TGCCTCAAATGATTACGT TTCAGAGCTTCTGCTGI TA
ACCTCTAGT CTTAAAGT CATAGGT TTCCCT GGT GECTCAGT GGTAAAGAAT CTGCCTGCCAAGACGAGATGT GAGT T
TGATCCCT GEGT GAGGAAGAT CCCCT GCAGAAGGAAACGGT AACCCACTCCAGT AT TCT GGAGAAT CCCATGGACAG
AGGAGCCT GGTGGATTATACAGT CCAT GAGGT GGCAAAGAGT CAGACATGACT GAAGTGACT TAGCAGGCACCTACC
TGTTCATTTCAGOGGCT AATCAAACAT TAGCT TAGAGGT GCCATGAAGGT TTCCCTCTGT CAGCACTCCTATTGCTT
CGGTAATTTTCTGSGATCCT TTTCAGCCAATTCCAAGAATGGTCCGCACT GEGT TGCTAGAGCAACT CAGACT CAGG
AAGECAAGCCTGT TGCGEGATCT CATTAT CCT CT GGT GGCAGAATGCGAT GBGT GGAGT GEGT TTGTCCAGGT CAGCTAA
GICTTCCTATCCACCCCCTCTGCTCAGTGCCCACT TACTGI GTGCCAT GCTAGAAGT GTCACCAGCACCATCTCAAT
GAAGCCCCACAGCAATACCAGGAGACTCTTACCCTCCCATTTTACAAACAAGGAAACTGAGCCTTGECCAAGGT TGC
CTGCCCTAATAAGAACCTGCATCAACTATTCCTCTGCCAGACTATTTCCCATTCCCTCCTCCTACTGGT GAAAGATG
ATGTTCCCT GAGACAGAGGEGAAGGCCAAAAACCCAGGAT GECCCAGT GEGACT TTTCTAACTACAGT TGAAAAGAGC
ACCCT CCT GAGAGCCOGAGAGCCCAEEGEECT CCCTGAGECCAAAGT ACCAGCCT CAAGGGACAGT CAGATGAGAATGA
AGCGGECCCT GCAGAGAAGAGCAGCGAAAAAGAGGAGAAAAAGECCCGAGAGEGT TCACAT CCCCAGT TCCAGGCATC
CCCAAGGCAACAGI TTGECCACAAGAGCCCAGACATTCTCT TTTGCTAAGGEEECTGCAGI TCACACTGECTTTCTG
TCACT CTGCAACCCAGGAGT CCTGAAGTACACAGAAT TCAAACCGEGGTCTATATGGAT TCAAGACGTATACTCTAA
GITGITTGCTACTCTGCTGCTGATTACTATCAGCTATAGAATATATCAGCGAGAT CAAGATACAGAAGGACTAGTGT G
GCCTGGAGCAGCAT GCAAAGCCT GCAGGAAGGAAT GCAGCCT GGAAACAT GGATGSGTGGAT TCCTGTTGECAGAAA
AGCCECGAGAGT GCAGCATCAAAGECCT CGAGGT GCEAGT GAGAAAGGECGCT GCAGCGAGCT GGGATGCCTGECT TA
CTAGTI GGAAGGAAGAGAAGGAGEGEECT GCCAEGECCT TCAGACTGGECAGATACT CAGAGACAACTAACCGTGAGGAC
AGTCTAGATAGAGT ACGACAT GAGTGACT GGT GCACAAGT CCCCCTGT GCCCT TCCGCT TCATGACCAT CAAGECAA
GGCCT CCAAAAGCAGECAGCCGACAACCTCCAGGCCT GAAGAGCT TAGATGAGGAAGAAGGAAATAGT CTTCACTGEA
GCTGGEGATGCCTGECTTACT AGT GGAAGGAAGAGAAGCGAGGGEECT GCCEEGECCT TCAGACT GGGCAGATACT CAGAG
ACAACTAACCGT GAGGACAGT CTAGATAGAGT ACGACAT GAGT GACT GGT GCACAAGT CCCCCTGT GCCCTTCCGCT
TCATGACCATCAAGGCAAGGCCT CCAAAAGCAGGECAGGGACAACCTCCAGGCCTGAAGAGCCT TAGATGAGGAAGRAG
GAAATAGT CTTCACT GI TGGGACT TCCCT GGT GGT CCACT GGCTAAGACT CTGAGCT CCCAAT GCAAGGGEECCCAGG
TTCAATCCCTGGTCAGAGAACGAGAT CCCATAT GCCACAACT AAAGAGCCCACATGCCGT GATGAAGATCCAGT GT G
CCTCGATGAAGACCT GGTGCAACCAAATAAATAAATAGATAAACATTTAAAACAAAAAAAAAAGGT CCTCAGTGITC
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TGTTCTGGAAACCT TCAGAGCACGATGT TTGGTAGAGAAAAT AAAAGGCGT TTTGCAAGT CCGCGAACCACT TAGT G
TGAGI CTCTGGAAGCTGT GGATACCAAGCATGT AGT CAGGECTCGATGACT GT TTCCTCCTCCACCT CAGGAGECAC
CTCAGT CAACAGEGATCCCT GOCATGAGT CCAGCCT GCCTGAGAAGAGCAGAAAGAAAAAGGGCAGGTGCAAGCT G
ACACCCAACTTGEGAATCAAGACT GGTGAGCGT CTGTCTTCT TTGCT GGGACT CTGAGCACACGAGGCAGATCACGG
ACAGGGAAGECATCCTCTCCCCCAGCCCT GTCCTGCEGATGAGCATCCTCATGCTAACCCAAGTACCTGACTCCTCA
GACACAGAGCCCCCAGACT GCCAGCT CTAGGECCCCAAT CATCAGAAACTCCTGCTGAGAACGAT GGAAGCACAAGGEG
CAGGCAACCCAAGACACGGAGEECCTTTTCTCT CCTCCACAGCT TTACAAGCCT ACCAT CTGGGAAAACAGACACCA
CAACGGT TGGAGGGTACACACCATACAGCGCATAATAT GCAAAT GAAACAT TCAAAGCAGT CAGCAGTACCT GCAGG
ACT GCCTGGCAGAAAAGGAAGGT GTCT CAGCCACCGT GCAGT CAAGCAGGEGACCTAT GAATGGGGACTATAGAGSGA
CTGATTTTGGI TCTATAGCCACAATGGTGAAAT AACCT GACATGATGAGAATTTTAAACAAAAAATAGAGAAAACAA
AAGACAAAAAAAAARAGGAAAAAAAGGAAAGGCAAT TTGAAACT CCAGGAAAAACAAAAGCAGT ATAAGAAAGTAAA
TGTAACTTTTAAACTTACTGGACT CTGTAGGGAACAATATTTACATGGCT TAACGAATAAAAACAT TGTATATTGAT
TTTCAAAGT TTAGAGT CAATTCACAAACAAAACAT GGAAGAAAAT TATGGT TAAGAAACAGCAGGTAAATACTGT CA
ACCTTGACAACTTGAAAGTAAAACTATAGAT GACAGGAGCT AGGGAAAGAGCAAAGAAACCT AAAACTAAGEGTAGG
AGTCTAACAGTATCCTTTTGAAAAGGAAT CAAGAGATACTGCCCTTATTTTAAATTAACTATACT TCAATAAATAAA
TAAACTTTATTTAAAAAGATACT GCTTTATAGT TGACCAAAACAGAAATAATGGTATCACGTATTTCCTAAGGCTAC
AGAGGTAACAAAGAGCAAAACTAAAAATGGTCATAAAAAGAAACT ATCTTGTGAAGATGGAAGAGGTATGAGT AAAC
CAAAT CATAACAGGATAATTAGT AGGT CAACAT TAGCT TCAGAGGCTAAAAAT CGATAAACCAAGAAATACCAGI TG
AGTGTACCTCTTGT GTGT GGACT CTGGAGCCT GCCTGGEGT TCATATCCCAGCT CTATCACTAACCAAAT CATGAGCA
AGT TACCT CCTGGEGECCTCGACGT TCT CATCTGT AAAAT GBCGGATAATAGTATATCCTACT TCAAGAATTGTGGT CG
GGAAAAAAAAAGT TGTGGTCGAAT TAAAT TATGCAAAAACAT TTTTCAAT GCAAAAACT TAAGAGTAGGGECCTAGTC
CACAGAAAGTGGTATGTATGTAGTGT TTGT TACTATTATTTAGAGATATGAATTTAATTCTGATAGAAACAGCTAAA
AGAAGCTAACATGGT TGT CTCTGGTACTAGCGAGAGGT GAAAAAGAACCACTCCTTTTTACTCTAAGCCTGICTGT G
CAATTTTATTTAATCATGGEGECATGTACTACTTTGATTATAATACAAGAAACTGT TAACAGAACACATGAAAACTGGA
AAAGAGAGT GAGCACTTTGT CACTAGAGGT GT GTAAGCAAAGCAT GGATGGAGCAGAGGAAAT CCAAACATCCTAGG
AGGTGCGACAGGGTGATTCTGCCTACT GTCT TGT GCAGCAAT GAGACT GAGAACAGGGEEGECAAT AAGCECAGEGAGGT
GGGCAGAGACAT CCT GGAAGAGAGCCAGCCCCTTAT GCAAT COCCAGGAGCAT CCTGGT TGGT GEGGAGCTCATGCA
GGAGT AGAGAGGGACAT CACACCT GAGCT GOCAGAGT GCAGCAAT AAGAACAGAAACCACAAGCCCTAGGT TTAAGC
CCTGGTTCTTGCCAGCAAGT GATGTAACCT CTCCAGGT CTCAGT TTGCACATAACAAAATAT GAAAAGCCTGAGT AA
GACACT GCGCAAGT AAAGCGGT GACCACAT CGGAT GCT CACAGACGECTCT AACTGGACT GCCACGGT TCAAGECAA
GGACTCCCACCT TGT AGGCGGATCCAGAACCCAGATGT GCTTTAGCAGCAGGAAGAGCTACTCTCAGCCGAGTI CTCTC
AGATTTCCTCCCTTATCCCAAAT CATACCACAAACT TCCTAAAACT GACT COGAGCACACTAGT CCTGGAAAACCTT
CCATGGECT CCCCTGT GCCCT ACAGAACAAAAGCTGCACCCT TAACCGGEOCATTTAGGACAGCGAACT AGGGTGAGECA
AGT GAGACGCGT AGGACCCAACAT TTAAGGAGGCACAGGTGGECCATAGAGGACT TCTGAGCACTAGCATCCCAAGA
GIGAGCTTCCCCTTAAATTTTTTTTGCACTCTACGCTCTCACTCTGGT CCCAGT TCTGCTGCCATTAAAGECCCTTC
ACAGT CTTGCCACT GTACACACAGAAAGT GOCAGCAAAACT GCACTGCTTGCCTTTCOCAAGCTTTCCAGGAGCTGA
AATCCCCTTTATTCCTCTGI CACCTACTGAGT AT TCTGACAT GCAGCT TAAGCGCCACT TCCT CCAGGAAGCCCTCC
AAGTCGAACTTTCAACT CCTGECCTCTCTTCCTCCCOGGTCCTACTGGACT GTGEGGECCCTCCGEECTTCACTTTAC
CCACCCCT GGT ACAGCGCTGGEEECACACAGAGATGCTTAAT GAATGCCTGCTCTAT GCAATGAATGT CTGTGACCT G
TAAAACGGAAT GAAGACAGAGT GAAGT GGAAGATTAAAAGGECAGCTTCTGTACCTTTTCCTCCCCGCOCCAAGTGCC
TGGCOCTCAACTATCAATACATAAATCAGT AACT TTCCCT TGCTGAGAGAAGEGAACAGCAACAGT GTCGGTAAAGCC
CTTCCTCGTTCTTTCTCTGGAGGGGAGT TTCCACACTTCGCTGT CTCTTCTATTAGCATTCCCAACATTCTGGEGTTC
CTCGGAGCAAGGAGT GAGCCT CCCGT TAACACCAGAAT CCAAAT TCTAGT CATGGT TAGAAGGACTCYGAGAACT TG
GGTTGGTGCOCGEEACT TECAGGECECT TTGEEEECCCTAT T TGAGCGEECAGT GTCCT CTGAECT TGCCGCCACCECC
CCCATTCCGAGT TTCTTGGATCCCAGATGAGCGAT CGT CCCGGAGCCAGCCGEEECCAT GAGGGECCGCTGATCGEACGT
GCCTGAGACTCCCGEGET COCGEEGECT CTCCCAGGAACCCECGEAGECGT GGCT CAAGCGAGT GGECGAGGAAACAGC
TGCAGGCGT AGCCCT GGGAAGACCCACCCEEEGT CCAEGEGET CCACGEECCCECEEECCEGACCCCCCGEOCCECCCEAT
CACGT GECGECCTGCAGGAAGGAGECGOCCEECT CLECECCEEAGCCEOCCECCACT CCCAEET GCCECCTCCACEC
CGCAGCCT CCATGECTAACCT TCCAEECCAGECCCT TCGECCCCECT GCCAGT AGCTGCAAACAGGT TCCGCTGGCCGA
AGCCT GCGAAAGCGAACAT CCAGCECGEEEECEEEECT GEEECEEECGAGAGCCGAGAGCGOCCGCACAGCEECAECEE
GCCCEEEEECEGARCCEECEEEEEECCETGACCAGGAGACCCGEOCECAGAGCGAGEEAGGLCEEEEECGAGLCT CCACGG
CCGCEEGAGEEECEEAGCEEECEEAGCEEE0GEEAGCEEECEGAGCEEECEEAGEEEEGEEAGCEEECEEAGEEECEEAGGEEAGG
GCGCACGEECECEEEECCT CCTOGEECT GEGAT CTGCT GCGECT CCCCCGT GT GECOCGEEECAGGAAT CTGCCTAGEC
TCCCCGAAACCT GTATAGTAGT CAAGGGT GEECTAGCGACGT GGGGAAAGGCCAGI TOCGACCTAAATACTCTCTTGG
GAAGGAGCCGAGACTCGATTTCCCTTGT CCT TGCGGACCT GAAGGCT TTGEEEGAGEEECTCAKGT CCCTTCCAGCT
GIGTTAGCCACCTTCCT CAGATGGAAGCT GCTGCTGCTGCTGCTGCT GCTGCTGCTGCTGCTAAGI CACTTCAGI TG
TGTCCGACT CT GTGCGACCCCAT AGT CGECAGCCCACAAGCCTCCOCAGT TCCTGGGAT TCTCCAGGCAAGAACACT
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GGAGTAGCTAGCACT CCTTAAAATGT CAGCTCTGT GECCTTTGACGCT GGGAAT TAAAAACCAGT GGGATAAGEGTA
GCACGCGT GAAAGAGCGAATTCTTTTCAAGATTCCCATTCTGCTTTGTCACTCTCTTGGACTCTGT GECTTCATAA
AAGTTACTTCCCTTCTCTTCCATTCAAACATGTACTATAACT CCTGAGCAGI TCCTCATCTTCGAGACTGGATGACC
AGTACCCAGGAAGACT TAGGT GGCGACGAAACGGAGCAGGAT CT TCTGGT CCT TCCCCCCEECCOCCCT CCCCCCCA
ACACACACACCGTATCTTCTGCCTGCCTCTGACCT GTGGAAAACT GTAGT CTAAAACGAGT TTAATCACAGAAGT GA
GAAAT GCT GAAACAAAGGAAAACCGT CAAAAGAGACCAGATAATGT TCTCATTAAGCGT AGT CAAGGACCTTTAATT
TCTTCTACAGCGECTATAGATAATGT TTGGAGCCATATTCTGT GAGCTGTCTTATAGATACTAAAACAGAGGT GGAGA
GGTTAACTACGT GAT GACCAGCCT GAACCCAGGACGT GAGCT GCCACAAT TCCGAGAACT GACCACAAAGAAATGGG
AACAAATGGACCCT GGAACT GAAGAT TACT TGTACCTAAAACAAT CAAGAT GATACT GGT CAGACCACT GATGACCA
ATTTGAAGATGATTGTCAGAGATGACTTTGCTATTTCT GCAT GTAGECCCT GCTCCTCAGTCAGCCAGI TCAGTCAC
TCAGICATGTCCGACTCTTTGTGACCCCACGAACT ACAGCAGECCAGGCT TCCCTGT CCATCACCAACT CCTGEAGC
TTGCTCAAACTCATGTCCGICTCATCCTCTGICATCCCCTTCTCCTGCCTTCAGTCTTTCOCAGCATCAGEGTCTTT
TTCAATGAGTCAGI TCTTTGCAT CAGGT GGCTAAAGTAATGGAGCTCCAGCTTCAGCAT CAGT CCTTCCAATGAATA
TTCAGGACGEATTTCCTTTAGGAT TGACTGGT TGGATCT CCT TGCAGT CCAAGGGACTCTCAAGAGT CTTCTCCAAC
ACCACAGI TCAAAAGCATCAATTCTTTAGTGCTTAGCT TTCTTTATAGTCCAACTCTCACATCCATACATGCCTACT
GGAAAAGT CATACCT TTGACTAGATGGACCT T TGT CAGCAAAAGT GCAGTATTCCT CCTCACTCTGT CTATAAAAAC
TCTCACCT CCTGCT TAT GGT CEGAGGAGEECGEAGT CGGCCT TTGGATGAATGT CCTCTCOCCT CCCTGCCCCAGT T
GCCGGECATCTGAAATAAAGAAACT TTCCTTTCCACCAACCT GECCTGT TTATTGECT TCTGACT GGCAAGAAACCAG
ACCCCACACACATACCT TTCAGT AACAGGGEEGACT GGT GAGT CECEEEEEEGAGEEEEEEECECEET GGAGGT GGG
AAGATACT GAATACCGT GAGGT TAGAGACT TGGAGGEGEGTGGTAT CAGACAAGGCT TCTGGAGGAGAGCT TAGGGAA
CTGAACTCCATTTGCTGAGGT GGAGCACAGCCAAT TTACTGAGGAGT TGT GGT TGCTGAAAAAAAGCACAACCTAAA
AGTTGAGAATTATGT TTTATTTGGEGACAT TACTGAGT GCTGT TGACCAGT ATACAACCT CTCAGATAGCTCTGACG
AATTGT TCCAAAGAGATAAGGGT GAAGCCAGCGATGT TCTGT TCAGT TGCTAAGT CATGT CCAACTCTTTGCAGCCCC
AAGGACTGCAGCAATCCATGT TTGCTCAAATTCATGTCCATTGAGT TGGTAATGCTATCTAACCATCTTATCCTCTG
TTGOCCCCTTCTCCTTTTGCCTTTAAT CATCCCCAGCATCAGGGT CTTTTCCAATAAGT TGGECT CT TCACAT CAGGT
GGCCAAAGT ACTGAACCTTCAGCT TCAGCACCAGI CTTTAAAATAATATTCAGGGT TGATTTCCTTCAGGACTGACT
GGTTTGATCTTCTTGCT GTCCAAGCGAGT CTCAACAGT TTTCTGCAGCACCACAAT TCAAAAGCATCAATTTTTCAG
TGCTCAGCCTTCTTTATGGT CCAGCT GATCTTGECGAGGCAGCAGTGAGT GTGGTGTGAAGT GAGATCTTAATTCCC
TGCOCAGGAACT GAACAT GAGT GGCCT GGATGAGAACCAGGAAT CCTAGCCACCAGACCT GCAAGGGECTAGAGCCTA
GAAACTATTTTCCCCTGGATCTTTGCCCCCAGT GAAAAAAT GCATTTATCACAGAGGCAAGAACTATAAATGCAGCC
TAAGAGCAAGT GCGGAGAGCACACAGAGAAATGGT TTGT TTAGT TAAAACAGAAGACAGGGAGAGAT GCACACCCAGA
GAGAGAGEGTGT GSGTGT CCTCCCTAGT GAGGAGGAAT GAAGCAAAGAGGT TATATACCTCAGT TTTTCCAGGTCTT
TGITTCCATTCAGICCAATTATGTGGT TTCTTTTTCCTCACCTGACCT ACCTTGEGACCCTCCCTTGEECACACAGG
CACCCCTCAGCCAAGATGGAT TTCCT GAGAGGAGCAAGGCTCATTATGECCTGGTGT TATTCTCTGCCTTTTGECCC
ACAAGGAGCCTTTCT GAGGAGGT GTAGTGT CT CCCT TGT CCCAAAAGAGGECGEGEGAGEGAGATCCCTTAATCCTTT
ACTGAAACAGCGT TTTGCTCCTCT TTGTCCTTGOCCTGACTATTACCT GAAGGT CCTTACAAGAGAGAAACACTGEC
CTATTTACCCTGITTATGCTGI TCCTTGCATTTCAGAGGECAAACAGAAGT CTGATGTCTTAACTGGAGCCCACCCA
TCTCTTGICTCAGAAAAT GCTAACAGT TCTAAGTACCCACCCTGAAGCCTACT TCTTGGTGCCCCATGAAATGCAAA
CAGGAGGCCAGCTGTAAATATCTAACCTGGAACCCATCTATCTCCTACATCACAACTCTCACATCCATACATGACTA
CTAGAAAAACCATAGT TTTGACT TTACAGACTTTCATCAGCCAAGI TATGTCTCTACTTTTTAGAATGCTGI CTAGA
TTTCTCATAGCTTTTCCCAAGGGEGECAAGCGT CACT GCTGCAGTGATTTGEGAGCCCAAGAAAATAAAAT CTGCCACC
GITTCCATTCTTTCCCCATCTGI TTGCCATGAAAT GATGGGACCAGATCCCATGATCTTAGTI TTTCTAAATGI TGAG
TTTTAAAGCCAGCTTTTTCACTCTCCTCT TTCACCCTCAACAAGAGECTCTTTAGITCCTCTTCACTTTCTGCCATT
AGGAGCCAGGATACATAGGAGT TTTTGCT GCAAAAAAAATGT AGT CAAACATCAGAAGAT AACT GCTAGT CACAAAA
AACCAGATATCTCAAGT TAATGATTTTAGT GT GTGGGAAGAT GCAAGAGT CTGGECTCACTGACCT TTGATATGCAT
CTTAATTATCTAGCGCCAGTATCTTGT TTCTCTCCATCCAGATGCCCCT CAGGGTGCACAT GGAGGGECAGCT GCAGT
GCECTGATGCCT TGATGGT GEGCAAGAATTTTTTTTGT TGT TCACT TGGTGAAGGAAAAT TCAGCAT TTATTGCAGGT
TCTAAGCAAGAAAGT GGGAGACAAACCTCAGATCTACCTCACCTTAGT CTATGAGT TAGGGT TTTTAAAGAGGAGGA
ATGAAGAGGCT GEGATGGACCATTGT CTTGCGACATTCGT TAATTGT TGT TTCAGGAGCCAAAGTATCTCTGATTAT
GATTCTTCAACCAGATGGTCCCATAGT AAAGGEGEEEEEEEEGACGT CTGT TAGCT CAACT TGCCCTGGAGAAACAACA
TGAGITTTTATGITAATGATGATATCTCTAATAGCAACT TTAGTACAT TAACAATGT TATCAACAGCAATTTCAATC
ATCTGACTTTGGCTTACTAGI GI'TCAGT TAGCACAGGACAGAAGT CAGAGATGATGAGAAAGGCGAATAAAGT TTTGG
ATAGAGATATTAAT CATGGACTCGGT TTAGAGGGACT TGGT TCCAGGT GGACATCCTAGT TGTGACT TGGAACTTCT
GAATGAACAAT GAAGTCCAAGCAGAAGT CTACCAAACACAT AAGGGAAGAGTGT TCCAGGCAGAGGGAATAGCCCAC
CAGGAGGCCTGGCAT TCAGACAGACCCTAATGT TTGGACTAACAGAAAGT AGCT TAGT GAAAACAGCAGACAGCAGG
GAGGAAAAGCAAGAGGAGCT GACCTGEGAAAGGCAACAGAAT TAAAGAGGAGAGCCT TTATCCT GEGGACAGT GGGC
AGCAGT TCAGAGCTATGAGGCAGGGEGAGCACCGTCATATGT GAGT TTTAGACCT CCCAGCAT GCAGGGCAGATCGGAT
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GCAAGGAGGCCAGGATAAGAGACCACGAGATGGACCATGTGECECTCAGI TGTTCTAGTGAGAGT CCTGGACTGGT TA
CATACT GGAAGGAGAAAATTGATAACAGCAGGAGI TGT GTGGGATGGAACT TCCCTGGT TGT CCAGCAGCTAAGACT
CTGIGCCCT CAATGCAGEEEGECTGEEGT TCAACTCCTGGTCAGCGAACTAGAT CCCCACGCT GCAACTCAAGATCCA
GCATGCTACAATGAAGACTGGAGATCCTGCAGCTAATACCT GGT GCAGACACACACAAAGAAAGAGT TGTGTGEGAG
GGACCAAGCCTGTGACT TGGATGT CAGEEGT GAGGEEECGAAGAGCTCAGCGCAGT GGCCAGGT TCTGCAGCAGGGT GG
ATGGT GGAGGT GOCCCT TGEGAAGT GGEGT TAGAGT AGGT TTAGGCTAAAT GAGAAT TGATCCTTGGACACAT TAAAC
TTGAGGTGGEGT TAAGAAGCCT GAT GGACCCAT GGAT CTGAACCT TAGGT CAGACCCGEGAGCT GEECAGACAGACTT
GT GAGT CACAGGAATATAGATGACAAT TAGAACCT TAGGEGECTGCCT GECGAGACAGT TTCCCT GT GAGAAAAGAGA
ACAGAGECCAAAGCCTGAGAACAGACAACAAGGECCTACTGT ACAGCACAGEGAACTATATTAACCATAGTAGGAAA
TAGAAAAGAACACAAAAT AGAACAACCAT CTTGTAATAAAT CACAACGGAAAAGAAT AT GAAAAAGAATATATATAT
ATATGTATATACACATGCAT GAGAACT TCCCAGT GGCT CAGCAAT AAAGAATCCCCCTGCAAT GCATGAGGCACAAG
AGACACCCGTTCAAT CGCT GGGT CGEGAAGAT CCCCTGGAAAAGGAAATAGTAACCTACT CCAGTATTCTTGCCT GG
AAAATTCCACGGACAAAGGAGT CTAGCAGGCCTACAGT TTAACATGGT CTCAAAGAGT TGGACACGACT GAACATGC
TTGCATATATATATATTTTATATCTACACACATACATGTATACATAACTGAATCACTTTGCTGTACACCAGAAACTA
ACACAACATTGTAATCATCATATACT TCAATTAAAAAAAAGT AAGGT AGGAGAATAATTTACAAAGCAGACT GCCTG
GATTTCAATCCTGGT GICGT TGCTAACCAGCTATGACCCTTGEGTAAGCT GCTCAACTTCTCTCAGCCTCAGITTAC
TCATCTGIAACAAGCCT GT TGCAACCACT GCATGCGATGAT TCAAT GAAACCACACACAYGAAGCECTTAACATAGAG
CCTGECACTGGETGSGTTTCCTGI GTACAACAGT CTGTCTTTGGACCT GAGGTGT GCCTCCATGATGTATCTTCTTCT
GICCTATTTTCTTTTCTATCTCTTCTCTTGAGAGACTTTTGI TGGGT TTATTCCTTATCCCTTTGATGAGAGCCCAA
ATATCCCATCTTGGECAAT GECTGGTACGT GCAT CTGEGECCACT TCCCATCAACT CCATCCTGGGECT CCAGCAGCCCG
CAGGCCACACCCCAACACCCATCCOGECCT CACTAAAGGCACATTTCCTTTATAGCTCCCTTTCTCTCATTTGCTC
CTCACCATGTCATCAACAAGCAGAGGATGT CCTTGCTTTGCACCAGEGAAAGCCAGT ATATCT GAGGTCAGCCAACA
ACAACACT CAGACT GCATCCCAGATTTAATTTTGAGT TTGATCT TCCATCTACAGATTGT TCTTTGCCTACACCAGA
GAAGAAGGATTGAGGCT TCCCACT CTGACCCCAATCTCATTCTCTGCTCCCTTTTT GAGCCT GCTGGEECT CCGAAGG
AAGCGACATACAGT GCCCTGTGATGT AATTATCATTTAATAATACCCAGAAGT GEGT GECCAGT CATCAGAGGATGA
AGT TGT CCAGT GEEGECCTCT CTGGATCACTTAAT CCT CCAATCT CTTAAATACCAACAAAT CTGCCTCCTGECT GG
GCCTGACAGCT GCCCCT GAGT GGAGCGGGAGT CCAAGCT GGCAGAGAGGCCAGGACT TTCTGAATGAACATAATGAAA
ACTCCCCTAGI CTGGTGGGAT TATCAGCCCCCTCTCCCT TTCCT GTCCCAT CAGGACT TTGAAAACACCATCTCCGT
TAGCTCTCAAAT TGCAT GGAAACGEGEGAGT GAGECT GEGGT GEEGCEAT AGAGCCAAAGCT GBCACCAGI TCTTGGECA
CTGAGGGEECACACATTTCCAGCGATCT TGCCTACAACT CTCTGGAGCCAT GGT TCCT GCCCACCAGAGAGCCAAATG
GICTCAGCTGCAATTTCAGT GAATAGCATTAAGGAATTTTGCAGCTGGCGAGGT CCTTTGGAATGGT CCAGTGGT TT
CAACTTTTATTTTAGCAGATGI TTTCACTCTTTTCCAACAAGAGCAGTATGAGCTCCTTTTAATTTTTACTTATTTT
TATTTTGEEECT GI' GCTGOGCGEECATATGCEEAT CTCAGT TCCOCCAACCAGT GATAGGACCT GT GCCCCCGT GCATT
GGGAGCACAAAGT CTTAATCACCAGT CCACCAGCGAAGT CCCATGAGCTCCTTGT TAATGCCTCACCTAGGACCCTC
TCAGCCACACCTGICTTCCCGGT CTTGCCACT TGT TTCTAGCACAAGCCAAT GGCAACCCCCGCOCCECCCCCAAAC
TCTGGECCTCAGAGT ACAGGAGT GT CAGACACT CCAT GGGGT GAACCT T TGGECCAAT ACGGECAGEGT TGGCTGATGA
ATTCCTTTCTCTTCCTCTTTCTGAGI GGACTGT CCTAAGCCGCACACAGT TTCTTTGAAGAAGATCCCACAAGATTG
AGCAT CAGGEGAGAT GT GT GEEEGOCAGCCAAGCCCTCCGECCTCTCCCACTTCTCTTTCTCACCCGECTTTTCCCT
CAGGTCTGGT TCTTCAGCGT CACACT CCCCCATAAAGT GTTGECACGTACACT TCTGCCTCAAGATCTGCTTCTTTG
GAAACCGGAGATAAGATAACACT TGAGAAGGAT GT TCAGT GTATAAAACAGATAGAAGT GAGGCCACTCTAAGT GAA
GAGAAACAGGEGECCCCAGGTGTCATCTGITTTTCTTCCCCCT GOCAGT TOCAAGGCGATGATCGAGGYACCCT CACAA
GCCTCCCCAAAGCTTTTGATCTCATTCAATTCTGCCAT CCTGOCACT GAGGACGCATAGAGT TAGAAGCAAAGAGGA
CTAGACTCTAGGCTTCTCACTCCAAAT CTGECGAGACGGATCCTCATCTTTCTATCAAGT TTACATAAGGACTTCTG
AAAATATTTCTTTTCCCAAAACAT CTTCCCACACTACT CTGCCCCCT ACCCCCACCCOGAAGGCTTCOCCCACYCGG
TTTTATTGAGAAATAACT GACATACAT CACTGCCCAAGCTCAGGCACACAGCATGATGGTTTGATTAAAGCATATTA
TGAAATGATTACAATAGGT TCAGCTAATATTCATCATCT CTCAGGAAGCCTTTTAAGTCCCCTGT TCGACTGTAGCC
ACCACCT GGGAGCCATGACACACGGAGT TCTAAACT CAGAAGCT GEGACACAGGAGGECAGACAGAAAT GEEGCAGG
AAAGGT CCAGT AAT GCT GCGAGAAAGGCAGT CAGGAAAGGCCTGATTCAGGGACAT CTGCTCGT GCGGAGACAGEEGT
TACAGCAT GAGGACAGACCCCTCGCEGAAGAGGGACCACACGAGATGGAGACTGECTTTCTCTACCAGCTGGT GTCAC
CTGTAGGACACGCT CCTCCAGCCT GAAGT CAT CCT TAAGGAAGCT TGAAGGGT GACCACACT GGEGGEGAAGAGACAG
AAGGAGGT TATTATCTCCAATTATTTTCATTGAAAAATGT TTAATATAATTCCTTTACACTTTTGIGITAGI TTCTG
CTGTACAGT GAAGT GAATCAGCTATATGT TCATATGTATCCCOCACCTCTTTGACCT CTCTCCCACCCCCTCATCTG
ACCCCTCTAGATCATOCGCAGGTCACT GAGCTGGEECTTCCTGT GT TTTATAGCAGATGCCCACGAGT TACCTGT TTTA
CACATGGGAATGTATATATGT CAATCGTAATCTCCCACT TCGTCCCACTCTCTCCT TCCCTCACTGT GT CCACCTGT
CCTCCCTACGICTGCATCTCTATTCCTGCCCTGCAAATGGT TTCGCCTGCACCATTTTTCTAGATTCCACATATATG
TGTTAGTAATACAATATCTCGITTTCTCTTTCTGATTGACT TCACTCTGTATGACT AACTATGAGCT TCCCAGGT GG
TTCAGT GGTAAAGAAT CTGCCTGCCAAT GTAGGAGATGAAGGGAGAT GCAGGT TCAATTCCTGGGT TGGGAAGATCC
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CCT GECGT GCGAAAT GECCACCCATTCCAGT AT TTTTGCCTGGAGAAT CCCACT GACT GAAGAGCT GAGCGGGCTACA
GT' CCAT GEGEECGAGACT GCCACACACATGACGGACGCT AGGGECCATCTCATTAAGATTCGTGT GECTGIGACTGCTA
GAAACACCT GGGECCAGGT CAAAGCCTAAAAGT GATTCTATATTATAGGGEGCACGEGECAT CTTAAGGAATCTAGGTA
CCAGGGTGCAT CTGEECCTCCEEGAACAGATGAGACCAGGACCT GGACT CAGAGAACCCCEGAAGCCACCTCCCTCC
AACTCTCCTTCTGT TCCATCCCTTTCTCTCTCT CTGAAACT GECGCT COCT GT GCCCTAGCGAACACTGGCATCAAA
TGGOCT CAGCCAGCCAACT TCCAAGT TCACCTCGCT TCCATCCAGGAGGCAAGCAGAGT CACGCCTGGACTCTTCTGGG
CCCAATGCTGAGCT CTCGT GGAGGT TCTGGT TGGACCAGCT TGAGGCAGGT GCCTCCCCCAEGCCCATCAGT GAGGC
CGGATGCT CTGCAGT CACAGCTGCT CCCT CECT GGCCAGACAGGECCAGEGAAGAAGCAGGECGGT TCATTACCT CGGG
CTTCAACAAAAGCCTTAAAAT AAGAGAGT CTGTGCTCT TCCATGCCT TAATGGAAGAGATCATTCTTTTCTACATTT

GI TGTAAACTCAAACCT TGT CTGGAARTCT GCCTCCCCAYTGGAGCCCAGAGCTGAATTATTCT CAGCCT CCCCACT
GCCGCACACCCCCCACCRCCACCCOGCAT CTGCCACT GAGAGCT GGECAAAGCT GAGAGGEGT ACCAAGGCCTGCCAC
TGTCCACATCCTGECTCTTATGT GAATATTAGTAAAGT TTACTTCAGT TTCACCTTAGACTTATTTTATAAAACAGG
TCAGI GGGCTCAAAAGT CTTCCATCAAAAGAATTTCTAAGGACAT GCTCT TGAGCCT AT GGT GGAAAAGGCT GATGT
GAGCTTCTAAAACCAGAATTTATGTGGTGCTTCCTGCT TTGGGAGT CCAT GGGT TCAAT GCCAGAAAGGAACT CAGG
TCCTTTTCTTTCACTCTTAACSACTACTGATAACATCTATTGTACAAT TGATATGGGCTAGECCCTGGT CTCAGT CC
CTCCCTTCTACYATCACCAACCCCGACAACCACTGATTGTCTTTATGTCACCATAGTTTTGTATTTTCTTAAATTTC
ATATAAATGGAACCATCTAGCTTTTTCTATCCAGATTTTCCCACTGAGTATGATCCTTTTGAGATTCATTTGTATTT
GGGTACATTTCAAGAATTCAGCTCTTTTTATTAACAAGT AGAATGATATTGTCTGGATGTACCATGGTTTGI TAATC
CATTTGAGGCCACATTTGAGT TGT TTCCACT TTGEGGCT ACT GTGATAAAGCTGCTAAGAACAT TTACATACAAGT CT
TTGIGTGGACTGATATCTTATTTCTCT TAGGT AAACACCTAGGAATGGGATCCCTGECT TCAATGGTAATTGTACCT
TTAGCTTTATAAGAAACAGCAGAGT CT TCCCT GBCAGT CCAGCAT TGECCTAGCCT TTCAGT GCAGGEEGTGTGEGT
TTGATCCCT GGT CAGCGAGCT AGGAT TCCACAT GCCTCGCAGCT AGGAAACCAAACCAT AAAACAGAAGCAATACCG
TAGCAAATTCAATAAAGACT GAAAATAGT TGCAAATTTAAAAAAAAAAAT CTTAAAAGGAAAAACT GCAAACT GGAA
ATAGAAATACCATTTCAAATGATCTTTAATCT TAAAAAACT TCAGATGCTCAGCTTAGCATGTATACATCCTCAGTC
GCTAAGTCATGI TCTCCTCT TCCTGAATCCATGGACT GTAACCCT GCACGCTCT GI CCATGGAATTCTCCAGGOGAG
AATACTAGAAAGGCGT TGCCAT TTGCTACT CCAGEGGAT CTTCCT GACCCAGAGATCAAACCCGT GTCTCTTGCECCC
TCCACGCT GACAGGCAGATTCTGCGCCACT AT GOCACCT GGCCGCT TGEGAAACCCACT GTGCCTAGCAGTAGECCT
CAAAAAAGACTACCT TCT GGACAACGGCAGAGGTAACCACGACAGT AT CACCCT GATGACAAAT CAAGT TGTACGCT
TCGCTCCCATGGECCT GGAGT CTCCTCACCCCT GCGATGT GAGAGGGAAGT TCTAAACTGGGT CATTCACCCCCATCC
GATGICTCATCTTCCCCTGCCTTTCCATCATCT TCCTGT GCAGGEGECT CTGECCT GAGAGCCACATGCAGAGGTAGGT
ACAGGCAGT CTATACATAATGTATATATTGTCTAGGAATTAAGT TTCCACCCAAAGCAAAAAGCCCTAGCTGCCTGA
CTTTTAATTAACTATTCATTAGI TTGECTACAATATCCTCCATCAAACAAT GGGCAAGT CATAAGGCTGAATAGACC
CAGCAGACAAAGCGGEEATCCCTTTTCT TAGCT GGATGI CTAACCAGAGCCAATTCTCAGT TACCCAATCAGI CAATA
AGCATTTGCTGAACT GTACCGGAATAGT GGACATGGAACCGATAT TTCTCATAACCT TACAGT TCTTGCCCACCCAC
TTTGCEGTACTGTCATTACTTTTCGACAGATGAT TCAACAGAAACT TGAAGATGT GATGT GAGGT TACCTAGCAGAAG
CCAGGATGAATTCCAGGT CTCOCAGCT TTGCCT TCCCT TCCCTGCGT AACCCATAAGGT AGT TGEGT TTGEEGTCGG
GGTGEGCEAGAGGAGGCT AAAACACACGAAACAAGACAAT CCAAT TTTTTCCCCAGGACAT TCCTGAAAAAAATTGAC
CACAGCATTAAAGTI GTCTTTTCCCCATAAAACACAGT TTGAGT TGEGAATTTGT TCCTGATTAAGCCTTGGACATAA
ATTAAACGATGAAAATGT AAAAT GAAAAT AAGT AAAGT TATTACAAACAAATCTTTATAATAACTTGT TAGTAAAAC
CCTGCTCAGTCCTTATGAAACAGCCACAGAGCCACT GTAGACCT TAAT TACACAAGGAGCCCTCTTCCACTGCAAAT
TTTCTTGIGCAACAAGAAAAACT TTATGT CTTTAATATGAT TTAAAACTAATAT CCTAGAAAT GGT GAGCAGTGAAC
ATATAGTITAGAAATGCCTTTTATAATGT TTAGAACCGCACTGGGAGAAAAAT GCCAACTGCTTTGCCCTCTTTATAAA
AGCTGGACTAACATTTTGTATGGATCTTATTTCTCTTTTGT CAAGT TCTTACT CTCCATGGACAGGEGTCCACAGATG
GGCAT CAGGGGACT TTGCACCACCTGAAAT TGTATGCAACATGT TTTGAGGATACAAATACATTGT GGAGCCTCTAG
CTTTCATCAGATCCTCACAAGCCTCTGTGATAGAGCCACAAATTTGAATCACTTATTTCTTAGIGITTCTTCTATTG
TGAGCAGIGGCATTAAAATTGT TCCACTGACT TTAGAACCT TGCTGACT TGGAAACATTCTTTTAAAAAGCAGCCT G
GGGACT TCCCT GGT GGT CCAGT GATTAAGAAACCACT TTCCAAT ACAGEGEGAT GTGEGT TCGACCCCTGEGET CGGGA
AGATCCTCTGGAGAAGGEGCAT GGCAACCCACT CCAGTAT TCT TGCCAGGAAAAT CCCAT GAAGAGAGGAGCT TGSECA
GCCTACAGT CCATGGGEGET TGCCAAGAATCGAACAT GACT GAAGT GACT TAACACCCACAT GCCACAAGT CACAATGA
AAGACCCT GCTTGCTGCAACAAAAACCTGAGGCAGT CAAATAAATACATATTTAAAAATAAAAAGT AGCCTGGATCC
TCTTGGTGGTGTAATGEGCT TGAT TCCTAGAAGGCGATCCCT COCT ATAAAACAACT GGACCCT GAAAAAGAAAAAAA
TTTTTAAATGCATAGCTAGT GAAGTCAGATAGT GAAGGAAGT CATCGT TTCCT CACCACTAAAATTAAACAACACAC
AAAAAT CAT GGGOCT GAGACT GGAGGAAGGEECACT GGT TAGAAAGCGAAGAT TGGGCAGCCCT AAGGGCAAATGCC
CATTTTAGCTGCTTCTGGGAAGCT TGCCCCTGEECCAGT GGCAACAT CAGGGAT CTGCCT CAGGAT TCCACCTTAGC
TCAGIT TTAAGCGATCCTCTTTTGI TACTGGCTGCACCT CTATGGATTTCCCTGGTGECT CAGATGECAAACCATCT G
CCTACAGT GOGGGAGACCCGECGT TCGATCCCT GEGT CGEGAAGAT TCT CT GGAGAAGGAAAT GGCAACCCACT TCAG
TACTCT TGCCT GGAAAAT CCCAT GGACCGAGGAGCATGGTAAGCCCGAAAGGAGT CGGACACGACT GAGCCGACTTC
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ACTTCCACTTTCCACCTCCGAGGT TTTCTCTGCCT CACT GAGGAGAAGOGGAAACGACATTTCCCAGAACCCTCTGC
TTCOGCAGCEECT GCAGGOGEEEAGECCAT TAGT AGAGAT TCCGAAGGCAGGT GCCCAGCGAGAGEECACAGI TCTCCA
GGGCGAGT TGTAGACT CGT GAAAAGCCGTGAGT TCGT GGTAGCT TCAGGATGTGCTTCTTGAGGCTCCCCT GCAACAT
GCTGCAGCCTGAGAGAGCGAGEEGT CEEEEOGAGEECCECT TOCCAGAGCCTCT TGAGAT TAGGGT GACCTTCAGGC
AAGCCT GAGAACCGCCCT CGT GGGTGCTACAGACT GAAGCT GCAGT TGAAGGT CCCCTTACCTTTGCTTCCCCAAGG
CTTCCGAGGGI TATGTAAACCCCTGATTTCCT GTATCCAAAACT GAGACGCTTGECATGCCAGCTATCACTTTATTC
TCTCTTGITCCAAATTTACTTTTCAATACCTGCTCTGT GATCATGGGT GAGCCTGACGT TGT TTTTCAGTAGATGEC
ACTAGAAGGACACT CCAGGAGGAAAGGT TTCTCCTTCT GGT ACT GGT GCT GTACGT TGGAGGGT GGTATGAACGSEGA
GCGAT TOGGEGT GGT GCGCTGCOCACACACACACCAAGAACACACAATCTCTCAGTGACCT CCCACGCTCCTGCTTGGT
CTGGT GATCACCTCCCACGECCCT CAGACACAGACAGT GGATTGCAGGCCTCCCTCCTACAGT GATGCTAAATTCCC
TCTGCACACCT GCAT GCCTGACAGCCT GCGECCCTGEECACT CCTCACCTGTCTTCACTGEGT TACTTCTGECCTTT
TCAGACAT TGAGGACAGGCT GOCCAT CTGGCCCAGGCTACCTGT CAAACT TCTCTGCCATACAGCGGT CTGCAACCA
CATCTTCT CCAGT GCGGT CT GAACCCCAGCT T TGEGAAGEGAGCTCCCCT TCATAGT TTGTCCGTCCTTAGGTACT T
TCTCTCAGCACTATACTCOCCCCCTTTCTAAAATAATGGTCCTGT TTTATTTTGCTTATATATTGT TAATATTTTAT
ATATTTATTTGGCTGITGCCAGGT CTTAGI TATGECACGCAGGATCTTTGATTTTCGT TAATGGCATGTGGGATTGT T
GCAGCGAAAAGGAAAACAGEGCGAATGAGI TTTTCTCTTTCCCT T TCCT GAGAACAAAGAAGACAGAGAGAACAGT GA
GCAGCCCCTGAACATTCCCTAGITTTTITTTTTTTTCTCCTGITTTTTTITTTTTCTTTTTTCACTTTACCTGCTCCTAA
TTCTGAATGTCTGTAACTAAGTI TTGCT TTCTGCCCTCTAACT CTACAGGAGCTACAAGT TACATTTTTTTCCTTTGT
TGCTGI TCAGT CGCTCAGTCATGT CTGACT TTGCAACCCCATGGATTGAT TGCAGCACGTCAGCCTTCTCTGICCTT
CACCATCTCCTGCAGTTTGT TCAAACT CATGT CCATTGAGT GAGT GATGT CATCCAACCATCTCGI CCTCCGTCATC
CCCTTTTCCTCCTGCCCTCAATCT TTCOCAGCATCAAGGTCTTTTCAAGT CAGT TCTTTGCATCAGGTGGCCAAAGT
ATTGCACCTTCAGCT TCGECATCAGI CCTTCCAATGAATATTCAGEGT TGATTTCCTTTAGGATGCGACTGGT TTGAT
TTCTCAAGAGT CTTCTCCAACACTACAGT TTGAAAGCATCAGT TCTTTGACACTCAGACTTCTTTAGSGTCCAACTC
TCACATCCATACGT GACACCT GGAAAAACCATAGCATTGACTATATGGACCT TTGT CAGAAAAGTGAAGT CTCTGCT
TTTTAATATAGTGTCTATGI TTGT CAGCTTTTCTTCCAAAGAGT AAGCATCTTTTAATTTCATGACT GCAGT CACCA
TTGACAGI GGT TTTAGAGCCCAAGAAAATAAAATCTGTCACTGT TTTCCCATCTAT TTGCCATGAAGT GATGGAACC
AGATCGCCATGATCTTAGTTTTTTGAATGT TGAGT TTTGACCACCTTTTTCACTCTCCTTTTTCACATTCATCAAAAG
GCTCTTTAGITCTTCTTTGCTTTCTGCCATAAGEGT GGTGCCATCTGCATATCTGAGGT TCCTGATATTTTCCCTGG
CAATCTTGATTCCAGCT TGT GCTTTATCCAGCCCAACAGCT TGCATGATGT ACTCTTCACATAAGI TAAATAAGCAG
GGTGACAATGTACAGCCTTGACATACTCCTTTTCCAATTTTGAACCAGTCTGI TGI TCCACGGT CGATTCTAACCGT
TACTTCTTGACCTGCACACAGGT TTCTCAGGAGGECACGTAAGGTATTCTGGAGT TATTTTTATATCTTAGT TACTCT
TTTAGCTTAGCTTAGTAACTCTTGATATTAAACATACTCTGT TTAAATCACTATGTGGT TTCCATTTTCTGACTGGA
CAAAGGTGGTACACT TGGAATACATAGAGTATTTGGTTTCTCTTTTTCCAAAGAGAGCCT GACTGATAGAGGCTAAC
CATAGCCCTGGGTCTGTAGECATCTTGECACT GCTGCT GCTGCT GCTGCT GCTAAGTCCCTTCAGI CGTGTCTGACT
CTGTGI GACCCCAT AGAT GGCAGCCCACCAGECTCCTCCGT COCT GEGAT TCTCCAGCCAAAAACACT GGAGT GGGT
TGCCATTTCCT TCT CCAATGCAT GAAAGT GAAAAGT GAAAGT GAAGT CECTCAGTCATGTGCGACTCTTCTCGACCC
CAAGGACT GTAGCCCACCAGGCT CCT CCCT CCATGGEGACT TTOCAGECAAGAGT ACT CGAGT GGEGT GCCAT TACCT
TCTCAGATCTTGGCCACT AAGCAGAAACAAATGCATTCTTCTCTGGGEGT TTACTTTCCTGCTTAGATCCTTAAGACTC
ATTTGTTCATTTAACAGATTTGI TGAGCTCCTGTTATGTATCAGT CATTGT TCTAGATGATGGGGATAAACTAATGA
ACAGAAGAAAAACCCTACCTTATATTTTCACAGAAATATACCATCAAATATAGAAGGAAATATGCTACCATGAATAG
AAGACAAAATAGAACACATTTATCAATAGATCTCTACGGT TTTTAGATATTCCAATTTTCTAGATAGAAGAAGATAT
AAATAAACTAGAAGGCGAAAT GTTTAAAGAAAT AAAAGGT GGGGACT TCCTTAGT GGT CYTGGT GGT TAAGAATCCAC
CTGCCAAT GTAGCGGACATGGGT TTGATCCCT GGT TCCGGAAGAT TCCACATGCTGCAGGECAACT AAGGCCACGCA
CCACCAACTACTGAAGCCT GT GAGCT CTAGAGCCT GTGCTCCACAACAAT GAGAGECTGGECGCACCACAAGT TGAGA
GTAGCCCATGATAACCACAACTAGAGAGAGGECCACATGAGCAACAAGACCCAGCACAGCCAAAAATAGACAATCCCA
TTGCTAGI GGGATTGGAAAAT TGT GCATCCCTACGGGAAAACCT TCT GECAAT TTCTCACAGT GTTAAATAGAGCTA
CTACATAACTTAGATATATTGGTATATAACCAAGAGAAAAGAAAATAT ATATTCACGCAAAAACAAGTACATAAATG
TTCATGGCAGCATTATTCATAATACT CCCAAAGTAGTAACAACCCAAATGT CCATCAACT GGTAAATAAATAAACAC
AATATGGT AGACCCATATAATGGAATATTATTCAGCCGCAAGAAGGAACAAAGT AATGATATTTGCTAAAATATGGA
TGAAAATTGGAAACATTTTGCTAGATAAAAAAAAGT TATAGAAGGT TATATATATGT TGTATGATTCCATTCATATG
AATTGT CTCCACTAGGCAAAT CCAAAGAGAAAGAAAATAGAT TAGTGATTTTGGEGAGACAAGGEGT AGAAGGAAACT
GGCAGTTATTGCTAATGAGTATAGAGT TTCTTTTCAGCCGAGATCGAATTTTTCAAGAATTCATGGTAATTATTTCAC
AACTTCTGTGAATGTGAATTGTACACT TTCAAAGGGTGAATCTTACTATTTGCAAATTATATCTCAGTAGACGCTGT T
ATTTTTTTAAATGAGCAAGCCCAAAGAGACTAT TGAAAAT GAAGAGACACAT CTGAAAAGGGAGCAAATAGAACTTAA
CAATTTAGT CATTGAGATTAAAAACT CAAT AGACAGACTAAACAACAGATTATGCATAGCTGGACGATGAATTAATG
AACCCGAAGATAGAT CT GAGGAAATGACCAGAATGCAGT GCAGAGAGT CAAGGAGAT GAGGAAT AT CAGT GAGAGGT
TAAGGAAAGAACAGAT GGAAT GAGACGGT CTAAAATATATCCAAT CAGAAT CCCAGAAGGAGAGAATAGAGAGAATA
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AAGAAGAAGCAATGT TTGAAAAGCTAATGGCT AAGAAT TTCCAGATCT GATAAAAGACACCAACACACGGACAGGAG
AAAAAGAACAT GCAT CCAGCAGGT TAAAAAAAGACATACACATGGACATAT TGCAGAGAAAGCACAGAGCATTACAG
GCAACATTGT TAAAAGCAGCCAGAGAGAAAAGAAAGACT GCCTACAAAGAAACCACAAAT CGGACAGTAACAGTAAC
AGT GAATCTAAAGGACAGAAAGGT AT CTTCCAGGT ACAGAGAGAAAAT AACTGCTAACCCAGATAACAGTAAAATAA
ACTATTTATTTAAATAAACAGT TAAATAGCAGT TAAAATAACT GTAAAACACT GCTAAT GAAAGAT GGT GATGACAT
GTAATGTGT GGGGT TGAAAAGGACAGECACAAACACT GGACAATAATAAT TTAT AGGT GGCGAAAGAGAGGT AAGCC
TGTGCACCACAACT ACT GOCCCCCAGCTCT GGAGCCCT TAAGCCAAAACT ACT GAAGCCCACCTCTCTAGAGCCT G
CCTGI' GCT COGCAACAGAAGAAGCCACGGAGAGCCCACCCACTGCAGCTACAGAATAGCCCCTGCTCTCCACACCTA
GAGAAAGCCCT CCCACAGCAGCGAAGACCCAGCGCACCCAAT CAAAGAAAAAAGGT GECGAGGGEEEGAACCACAAGT
ATAAAAGCCGACAGACAGT TAAGAGAGCTCAGATCTAGATTTTTTAAAAAT CTAGACACACCTAAAATTAAAAGACAG
AGAAAGGAT GAACGT AAAAT GAT GAGCAAGAGCAAAAGCTCATTAAAAGAAAGCTGGTGTGATTATATTGATATTAG
ATAAAATAGACT ATAAAGCAAAAATGTATTTATCAGT TTAATGATACAAGGT TTAATCCATCGCGAAAATATAAT GG
TTCTAAAGT TGTGGGTGCCTACTAAAATAATTTACAAATACACAAGATAAAAT GTACAGAACTATGGATAGAAATTG
ACTAATCCACTAACATAGTAGGGGAT TTCAATACAGAGCTCTCAATTATTAATGEGTAAAAAAAAGATTGGAATAAC
ACAATCAACCAGCTTGATTTAGI GGATATTTATAAATCACT CTACAT CCAACAATCAAGGAACAGACATTCTTTTCC
AGTGCACATGGAACATTTCCAAAAAT TGACTATATAAAAGCCCATAAAGCCGGT TTCAACAAATTTCAGAGAATTTG
ATTCACATAAATTATATTTTATGACCTATGATCATGCGATATAGCT TATGCCAATTAAGT TAAAAGT CTTTAACAGAAA
GATAAATGACAGCGT CCTCTAAGT TTTGAAAAT TGGAAAGT ACATTTCTATATAATTTATGAGT CAAGTAAGATATA
ATAGAAATTAAAAGT TGTATAGAAACAACTATATGGTACAT GATGAAAAT TGT AGATATCAAAACT GGTGEGTGTAG
CAAAAATGGTAATAACAGGGAAATTTATTCCT TTAGATATTTACAAGAAAT GAAACAAATATACAATAGAGATCGATC
AACAAGCCAAGGCCAGATAAAATAGACAAACT TTTGGTAAGATTCAT TACAAAAGAGEGT AGT AGGCAGCACGCATA
AACAAGTAATAATAGGAACAGAGAACT GCAAGAAAGCTGCAAATACAGAAGAGATTAAACAGATAAAATGAGCATACT
ATAAAGGACATTACACCAATGAATTTAAAAACT TATTAAAAAGGGAAACATTTCTAGAAAAAT GCAACT TATCAAAG
CTGTTACAAGAAACCTTGAGT TTCCAACAGTATTAAGGAAAT TAAAT CAGT TTCAATGT CTTAAAAAACAACAACAA
CAACAAAAAAAACAACCCTTGCCATTTTCCAGGCAATTCCTAGCAGATTTTCACAGAACAAATGATTCTAATTTCAC
ATACAGAATAT CAAATAAAGCACT GCTCCTCAACT CATATGAGGT TAGTAAAACCT TGAAATAAAAT CAATCAAGAA
CTGTATGAAAAAGAAAAT TCAGACCAGAAT CCCTCACAAACATAGACGGAAATATTATAAACAAACTACTAGCAAAT
CAAGT CCAACAGCT TATATTAAGGCCAATTCATCATAACTAAGCTGGATTTATCOCAAGAATATTTGGATCATTTAG
CATTAAAGGCCATAACT TTAATTCATCACATTAATGEGT TAAAGGAGAAGT TGTATAATTATCTAAATAGATGTAGT
AAAGCCAGT CAGTAAACGT TAACATCCATTCT TGATAAAAAAAAAAAAAAAAAGACAGGAAAT AAAACAAAACTTCC
CAGCTAACATAATTGTATATATAGAAAGCCCT CCAAAGAAAT CT GTGGATAAAATTACGACAATTGATCAGAGAGT T
TACCTAAACCAAACTTAGT TAAAT TAACAATAGCACCAAAGT TAGCTAAATACTAGAAACTAGAGATATATATATAT
ATATACACACACACACACACACACACATATATTTCCAGATTAAGATCTTAAGCT TAAAAT AAGAAAAAGACAAACCA
GI TAAAAAT GGGCAAGAT GT GAATAGGCACT T TATGAAAAAGGAAACATAAAT CGCCCAT TTAAAT TAAACTATGCT
TGACCT CACTGACAGCCGGGAAAATACAAGTCAACGCCATGATATAACTGATTTTCCAGGCT TCCCTGATGECTCAG
TGGOGAACAGT CCGCCT GOCAAT GCAGAAGACATGGGT TTGATCCCT GAT CTGGGAAGGT CCCACAGECCACAGAGC
AACTAACCCT GCGEGCCCACAGCGACT GAGAACCOGGGAACCACAACT ACT GAAGCCACGCGT CCTGGATCCTGTGCC
CTACAAGAGAGGCCCAGCCGT GACTAGAGAGT AGCCCCCACT GGTGCGAACTAACGCAAAGCCT GCACAGCAACAAA
GATCCAGCACAGCCAATAACT CCATCGGCAACATTTAAGACATTTAGT AACAACAAGTACCECTGAAGATGAAAATC
AGTGGAACCTTTTATATACAACAAAT GGAGT GTAAATTGECACAACT CTGAAAGACACT TTGGT TATATATATGTAT
TTTGITAAAACT GAACGAGACATAT TACAAAGAAAT TCTTAAAAATGCATAAAAATATTCATTCCTGTATTGT TAAGA
TGGTAAAACAT TGGAGCCTAT GAAAT GT CCAT TGACAGGAGAAT GGGTAAATGCGATAAATAAATAGCTGTCTCTTTT
CACAGT GAATCAACT CCAGGTATACATGTAACATGGTCAAGT AAATGT AT GAAAAAGCCAAGT TCCTGAAAACTACA
TAAAATCATGATGCCCACTTTTATAAAGCT CAAATGAGCAAAT TAGACAATGTTTCATTTAGGEGATGCATACAGAAAT
GATAAAACAACCTTTTAAAGAAACCAAGAAAAT GGT CAACATAAAAT TCAAGCCAGT AT TATCT CTGGT GAGGCAGG
ATAAGATAGGAAAAAGGCAT ACAGAT GGATGCGATACGT TATAGGTAATGT TCTAGT TCTTAAGT TGGATGGT GCATT
TCCAGGTGITTATTTTCTGIT TGCACTTATTATTTTGATATAGCAAATACT TCGTATTAAATATTTTTAACACAGCCT
GTAGI TTCCTATTCTTACCACTATAT GGCAGECTAGT CTGCCAGTAAACT TTTGTAACT TCTGAATGGGAAAGT GAA
AGTGI TTGTCACTCACTGGT GTCCTGACT TTTTGCGACCCCATGGACT ATAGCCCACCAGGT TCCTCTGT CTGGGGA
ATTCTCCAGECAAGAATACT GGAGTGGT TAGCCAT TCCCTTCTCCAGGEEGEGET GT' TCCCGACCCAGGGATCAAACCT
GGGTCTCCTGCATTGCAGCGAGAT TCTTTACCT GAATTCGAAAGGCTAGT AAAAAT AAAACCCTACT TAATGACAGT
TTTOGCAGCACGCAATTTCCTCTATAGAAACACAT GCAAAATGTAAAACAGEGT TTTTTGI TCTGAGTGT TTACAGG
CACAACCAGAGCAGCTCAGGTGCACAGTACTTTGACCTGGAGCT TGCAACTATGTGTCCAGGT TTTGTTTTTCCTTC
CTTTTTGCCTGTGTAGCCATTTTTCCAAACTTAAAAGT GTACCTTCTTAAATGT TAATTTTTATTTCTCAGAACTTT
CCAATATTTCCCAAGGTATTCATTTCTAAATTAACAAAT GGAACATAAGCTTGT TTATTTGGCTTCCCTCTTGECAA
TGGEECTTCCCT GGT GECTGAGT GGTAAGGAAT TTGCT TGCTAATACAGGAGAT CCAGT TCAAT CCCTGGGT TAACG
GAAGAGCCT CTGGAGAGGAAAAT GECAACACT CCAGTAT TCT TGCCT GEGECAAT CCCAT GGACAGGGEGAGCCTGGT G
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GCCTACAGT CCATGGEGET CGCAAGAGT CAGACACACT TATTGACTAAAACGACAACT TGGTAATTGACACATCTAAC
TTCOCCCTTCTAATATTTATGGAATAGGAGT TGT TTCGTAGCATTAGCATTAGAACCACTGI TTTAATGAATGTCTGT
CCTGTAATATACAGGAATATTTTAAATTCAGT AACAGT GTTAAAATAGCGACT CAATAT TCATGACAGI CATCAAAA
TCACTCACAGGAATTCTGCTGTCAAATTTCACCAGT CACAGGAAGTGATTGACACAAGT TGGTATTTCTGTTTTAGC
AGTTAATGT TATGCCACCCAGAGGCAACT GCACATAGT CTTCAGCCAGCCACTTCCTTTTTCATGCTCTAGACCTGC
ACTGCGCACTCTATCAGCCACTAGACACAT GT GECGAT TGAGGT CTTGTAACGACAT GT GCT GGAGAAGGCAATGEC
ACCCCACT CCAGTACTCT TGCCT GGAAAAT CCCAT CGACGGAGGAGCCCT GGTAGECT GCAGI CCAT GGGEGTCGCTAA
AAGTCGACACAACT GAGTGACTTCACTTTCACT TTTCACCT TCATGCATTGGAGAAGGAAAT GGCAACCCACT CCAG
TGTTCT TGCCT GGAGAAT CCCAGGGACCEEEEGTECCT GGT GEECTGCTGT CTATGGCACAGAGT CGGACACGACT G
AAGCGACT TAGCAGCAGCAGCAGCAGCAGCAGCAGCAGCAGCAGCAGCAGCAGCAGCAGCAGCAGCCAGCAGCGAGAT
GITGCCCTAAGI GTAACATATACACTGAATTTTGAGGACT TCATATGAAAAAAACCT CAGTAATTTTAATAATGATTA
CTTGITGAGATGATAATACATTTTGATGCCAAAAGCTCAGCT TCTCTGTACACT TGTGCCAAAT CAAATCTTGCAGA
CAGTTTCOGGGT GAAGCAGAAAAGGATAACT CTATTGCT T TGCCAGECAAAGGEGEGCGACACAGT GGECTAAAGCCCT CA
AACCATGT GTCCTCACT TGGAGAAGACAGT GAGAAGT TTTATATGAACTGT TTGTATGTATTCCTTGATCGGAAACT
AGGACCTTGCCCAAAGGEGTGCTCTTGACTGI TTCTCCCCCT CTGECATCCCTTCTCTTCCCTAAATAACAGCTCCTT
GAATCTGACTGGAACT CAGGEGGAGGT CATGGAGCCT GAATGAAAGGAAAAT AAATATAT TATTAAAATTACT TTCAT
CTGITCTTTTTTACCTTTTTATTGGACACTAGAACATTTAAAATTACATAATGTGECTCACATTTTATTTCTATTGG
GCAACACTGCCTTTAGATGTCACAATACTTGTGGTCCCT ACT TACCAGGECCAEECT TCAT GAGT GTGT AGCCAGCGCA
GT GGAACAGGEGECGT CCCATAGT GEGAAGT GCCGT GCAT TTCACT TAATGCTCT GCCGECACTGCCT TGATAACCTT
AATTGTGCCTCACGTGCCGT CACT TCAGT CGT TTCTGACCCT TAGTGACCCTGTAGCCT GTCAGCGCTCGGICCTTG
GGATTCTCTAGACAAGAATACTGGACT GECT TGCGT GCGATGCCCTCCTCTAACTGTATCTTAGAATTTACATTTCA
GAAGGAAAT CTCCTAGAACAAT GGAGCACGOGCCAGEGEECT AGAAGCCCT GGI TCCT GCECCAT CCTACCTTCOECG
GCCTCCGT GTCCCT GECCCT GCTGCCCCCT TCCGACCCCEECTGGEET TCT GEECACGEECT G GAGACGEEEECGEEEC
TATAACTGT GECCATCCCTTCCCCTGCCT GECT GCCCAGEGT CACCCACT CACCTGGEGT CCAGGEECGAGAGCTTGA
CCGACGCTAAGGTCTCCGTACCGT TGGGAGT CGCT TGT CTGCCCCGAT GT GEECEECGAGCCCT GGGGAAGCGAGAGA
CACCT GECCTGAAGT CCCTAGACT TCGOCCEECRAGEECECEECECCEOEGT CAGCAGCCT GGCAGGAGCT GGACCCA
GCAGCCOGEGEOGECCEECCT TCT TTGCT GCCT GCCTGCCEGAGGEAT GCGCCCTGCAGGECCGT CCTCGAGAGAGAGT G
TCCCCTTGCOCCTGT AGCECCAECGTACT CCAECTCT GAGCT TAEGEGTGGATTGEGAGGACTCCTTTCCTCTTTCTA
ATCTTCCTCTGTCTTTCTAGCGI TTGCCT CTTCTGGACAGT TCAAGACACCCCT GGGECAAAT CATAACT CACAAAT
CGTGTGATTTCTGTATTGIGTAATTCCGT GTGT GAATACTATGATATTTGT ATTTAAAACT GGCATTGCACAGTAGA
AAGCGTGAAAGGT AAAACTCATGT TAATAATTATAACTTTAAATTGTAATTTACTTTATATATTTAAATTAAAATTTT
TAATTGTGGCAAAATACCCAACACAGAATTTACCATCTTAATCATTTTAAT CAGCT CAGTAGCT TCAAGAATGTACA
TTGCTGTGCAACCAATATAT CCATGI TGCAGT GTGT GT CAGAAATTTGCTTCCTTGT TAAGACTAAATAATATTCCA
TTGTATGIGTATACCAAATTTTATTTATCCACT CATCCAGCAATAGGECATTTGGGI TECTTCCACTTTTTGCCGITG
TAAATAATCCTGCCTATTAATTTTTCTGCATAAGTATCTCTTTACCTTTGI TTTTGCTAAAATAAACAAGACTGTCTT
TTGITTATTTAGACTTGGTACATACATCACTTTGCATACTTGOGAGT GTATTTGTAGGATAAGT TCCTGAAAGTAAA
ATCATTGI GTCAAAGGAAATGTGCCTTTTATGATTTGT TAAATACTGT TAAAT TGCT GT COGCAGATGT TGTACCAT
TTTTCACAGCTTCACCAACTCTGTATGI TTTCAGAATTTTTGATCTTTCACAATGI GCTAGATTGAAAATTTTCCAT
TAATAAGAATGAACAGAAACATGT GAAATATGT TTAAACCCATGAGT TTGTAGTAATACAATAAACTTCCCCTGAAA
CCCAAAATGTTTACTTTTGGAGGATACAGAAAGT GAAGAGGAACT AAAAAAACCT CTTAATGAAAGT GAAAGAGGAG
AGTGAAAAGGT TGECTTAAAGCT CAATAT TCCAAAAAACGAAGAT CATGCCAT COGGTCCCAT CACT TCATGGGAAA
TAGAT GGGGAAACAGT GGAAAACGTGTCAGACT TTATTTTT TGEGECT CCAAAATCACT GCAGATGGTGACTGCAGC
CATGAAAT GAAAAGATGCTTACT CCT TGGAAGAAAAGT TATGACCAACCT AGATAGCATATTCAAAAGCAGAGACAT
TACTTTGCCAACTAAGGTCCGTCTAGT CAAGCCTATGGT TTTTCCAGT GGTCATGTATGGATGTGAGAGT TGGACT G
TGAAGAAGGCAGAGCCCCGAAGAATTGATGCT TTTGAACTGT GGT GT TGGAGAAGACTCTTGAGAGT GCCTTGEACT
GCAAGGAGATCCAACCAGT CCATTCT GAAGGAGAT CAGCCCCGGEGAT TTCT TTGGAAGGAAT GATGCTAAAGCTGAA
ACTCCAGT ACT TGGEGCCACCT CAT GCGAAGAGT TGACT CAT TGGAAAACGACT CTGAT GCT GEGAGGGACT AGGEEEC
AGGAGAAAAGGGCAT GACAGAGGATGAGAT GECTGGAT GBCATCACCAACT CCATGGACATGAGT CTGACTGAACTC
CAGGAGAT GGT GAT GGACAGGGAGACCTGEOGT CCTGT GATTCATGGGGT CACAAAGAGT CGGACATGACTGAGCGA
CTAAACTGAACT GAACT GAACTGAGCGAAACAATTCATTATTTTGAAACCAACAAAT GAAAACAAAAAGAAAGAATC
AAGAATGACGT GCCTTGT CTATGT AAACT GTATGCCAGGATAGCTAACTAGT GACCCAGAGGAAGTATCTGI TTATA
AAAAAATATTCTCATGCAAGCACT AAGGAAAT TAAAGGCAACAAT CATCAATTGT TACAAAGAGAT GAAGATAAATG
AGAAAGAGATGACTAGACATCCATCTATGCTTTATAACAGGAGACCACCATGCTACCTCTCAACTGT TCTTGCCTAA
ACATTCAAACCT GAATCT GAT CAAGT CATCAGATTTAACTGCCAACAAGT TACAGAAAAT ACAGGGATAGGAAGAAT
ATGTTAACATATCAAGGAGAT GCAACCAGCAAAAT TCAGACT GTAGGAAACTCTACAGAAAAAGTGATAATTTCTTC
AATGAATAAAT TAAACAAAGAAAAAGGAAAAAAGGAGAGCGAGGEGATAGGAAAT CTCTAAATTAAAT GTAAGGT AGAT
AGCAACAAAAT GCAATATATGGGT CCTAT TCAGAGCCT GTTTCAAAT GAAAAAAACATGT TCTATCATTTACGAGGC
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AGT TGGGAATGT GAACCCTGATTGGATAT TTAATGATGT TCAGGAATTAATTGT TGATTTTAAGATATTATCCTATT
ATGTTGITTTAGAATATGATATTTTAGATAATATGGGACATTTTTTTTCAGAT TTAAAGAAGTCTTATATTTTAAAG
CCATATACTAAAATAATTGT TGATGAAAT GATAACAAT GTCTGAGAT TTGGT TCAAGAT AATACAAT GCGAATGT GT
GI GEGATGGEEGTATGGACGAACCATGATTGAT TATGAGCTTATGATCGCT GAATGATTCATACTCTACAATTCTCTC
TTTTATGT TTGAAATTTTCCAAATAAAAAAGT TCAT TAAAAAAAAAAAAGT CAATTGGEGT CCCAAAGTGT CGAACAC
AACTGATCAACT GAACT GAACTGAAT CAGAAACAATGAGTGCAAATAGCTCTTTTTTTTGAATTTTGATGTAAAAAG
GAAAAACAAAT CAACAGCTATAAGGGT CAACAGAAGIEGT AT TACCAAAAAAAAAACAACATAYCCTTAATTATTCAG
TTCTTACATATATGGAAAAGT GTACAGCACAAGGACTCCTCACTAAGT AAAGCCCCCGTATATTAAAAGAGGTATTT
GAGTATGT TACACT TAGGECACGATCTCGCTGCTGCTGCTGCTGCTGCTGCTGCTGCTGCTCCTGCTACTGECTCCTG
CTGCTGCTGCTGCTAAGT CCCTTCAGT CGT GI'CCGACT CTGT GCCATAGACAGCAGCCCACCAGECACCCCCCaGr e
CTGGGATTCTCCAGGCAAGAACACTGGAGT GEGTTGCCATTTCCT TCTCCCTAGCCCCT TGCATATGEECTCTCCAT
GT GTCCAGACACAGACACAT GCCT GT AGGAAAAAT GCAGATGEECTGGAAATTCCTTCTTCTTTTTTTGGOCATGCC
ACACAGCAT GCAGGATCT TAGCT COGT GACCAGEGATGGACCCT GTGCCCT CTGCT GTCATGGGAGT GCAGT GTCTA
AACCACTAGACT TCCAGGGAAGT CCSRGCCTTCCT GAACAAGT TAAT GECACAATAGAAGT AT GACCAGGGT GEGAG
CTAGGGAGAAGAGAAACAAGT ACT GACGGEGCGCTACT TCACAGGATGAGEGT GEGT GAAGGAGCTTGCT TATCTAGG
CTTTGGAAGAGACACCCCACT TAACCGTCCCCT GGT CGCACCCT COCCCT CTCGECCCAGT CTGCAGAGECCCOGCC
TTCCTCCCT GI CCCGAGCCCAAGGECT GCT GECECCACAGCGT TCCCCCT CACT CCGAGGECCT TCCCAGECGTGGA
CCTCTGAAACCT TCGACT GCGTCTGECGT TTCT GAGCT CCAGT GGECT AGGECCTGCAEGT T TCCT GEEGAGGEECEG
CGGEECCOCCECEEGAGGACGAGECAGT TCAGGECCCT AGGCCT GCCCEECCEEECOEGEET GAAACCCGECCGT CCTTC
GCGCT COEGEEECECECECAEECACT G GEGGAT TTCACCGECGACCOGT AGCTCGEECACGCGECCT GT CGCAGCCCGC
AGGAAGGAGEEGETCCEECEECCECAECT CCT CCCT GEECEOEEEGEEEEECEEEEEEECEECAGCEECEECEECECCC
TGTTGAAT GEECTGT GAGGECCCAGT TTTCAAGCGCT GGOGAACGOGEGECCT CCEEEEECGCAAGECAGCCAGCCACCAG
TGGCGACCAAACGEGT GT TGGAGT TGGECGECGEOCATGGAGGECCTGEECTGACTAT GTAT ACAAGGECGECCAGCGAG
GGCAAGGT TCTGACT CTGECCGCCTTGCT TCT CAACCGGTCT GAAAGCCGACATCOGCTATTTGCTTGECTATGICAG
CCAGCAGGEGAGGECAGCCGECT CCACGCCCCT CAT CAT CGCAGCTCGCAATGEECACCCTAAGGTGGTGCGCTTGCTTT
TAGAACAT TACCGCGGTGCAGACT CAGCAGACT GBCACCGTCCECT TCGACGEGT AGGTACAT CCCAGCTCCTGCCTC
CTCTAACGCGT GCGAACCTGT CACCTCATGGATCT TCCCGT COCACTCTTTCGCTTCCTGGAGGTATCACTTCTCCC
ATTTTTGIATCTCCTGACCT GCCGCATTAATAACCACT TCATCT TCTAGGGCGCGATACTCCATTCCATGT TTTGCTG
CCCATCCTTATCGCCTCTACCCCTTATTCCCT CTATAGGTAAATAGCCACACCCTCTGICTTAATATCTAATAGGTA
TTCTCCAGTATTCTTCCTTGGGAAAT CCCATAGACAGAGGAGCCT GECAEECT TCAGT GAAT GGGGT CGCAAATAGT
CGGACACGACT GAGCACGCAGGCAAAACCAAT GCTTCT CTGGATAGT GTATGAACAAGCAGT AT GGAGGACGGAGCG
GCGITTCAGGITTTCCCT GI GTCAGEGCT GGACT TGTAACCGAAATCAGAAAT TAACAAGGT CAGCAATTAACATTG
GAAACCTCCGATGAATTATTTGACCGCCCAATTTTAGCTCTTTGAGT GTCTGATAAAGCCTTTAGI GGGT TATGGGA
CCTTAATGT CAAAAGAAGCCCCT AGAACCAGCAGCACCT TCAGCCTCT TGCGGEGAT TGT CATGCAGCCAGACATCCC
CAGACACGATTCTGACTTACACATTCCTGCGAAGGAGACACGT TGECT GCGAAAAT GBCATAGGACCTGGTGTGGGA
GAAGATGATGCCATGTAAAATTAGT TATCCCAT CAT CTGECGAAGCCT TGATAATTTGCTGT TATTCCACGT GGGGA
GT TCAAAAAATGCATATTGT CATAGT TAAAATTTGCCATTTAGGT TGAATTGTACATATTTTGAGGTGTCATATTGT
TGAATGCAGAATTGTCAGGT TTGACATTATCTTTTCTGTATGGATGGT TATAACCTGT TTTACAGATTACAGCTTCA
TGAAGATTTTGCTTCATTGATTGCATTTGT TTTTGT TGACT TGT GOCAGTAGGTAAGCTCTTCTAGCGI TTTCTTCT
TTTGAGATAGATGT GATCCAAGTATAAAGATATGTATCTTTAGT TTTGATAATTGAATACTGCTTGGATAAAACT TG
ATTGAAAAAAACAATTCTTTGAGT TGACTAGCGCATTGT TGAATTTTGATTGATTTTTTTTTTTAAGI TGAAACAAG
AAGAGCTTTTTCTTCTGT TTCAGATTAGAGCGAAATAT TGCAAT TAGAGTATTGCATTTTACT GAAATGATAGCCCA
TGAGI GGTGGT TAATGI CTAGTACCACCT CTGT AGGCAT TAAGGAGT TGGTCTTTCTCATAT TAACCACAGATGGCA
ACCTGATTCTTGITTGITTTCCTTTACTGECTTCTGIGITCTTTTTGTAACTCTCTGCATTCCCACAGCCTTTCCTA
TACACAGAGGAGGAGT GAAGT AGAAT GACCTCTGAACT TCGAGCACCATTCCAGT TGTATAAGCACAAGCAT CCACT
GAGCTATGAATCTCTGCAGT AACACCT GCTGGATCCACT GCTGCTAAGGAGATTECTGAGCCCTGT TTTGATGAGAG
AATAGT CCCAAGAAAAAATAGT TTTTTTTAAAGCATTTGAAAAGCCT TTGCTTATCTTTCCTAACT GTCAAAGAGAG
GITGTATTTTGAGGT GECAAT TAAGAGAACCTGAAAT GATAAGGAATGT AGCATTGAGCCT TCATAGT GECTTGACCC
ATATTTTGCACTGACCAGT GAAATTAAGT TTAGTAAGCAAACATATTTTGAACACCTACT GT GTGCCAGGCTCTATA
GT AGGGAT TGGGT GT GCAGAGAT GAGT AACAT GOGGT TCCCAGGAAGACAGT CAGGT GCCCCT GGGT GGGAGGGATT
AAGGT GCAGT GGEGAGEGCEAAAGATTGECGAAAAT GAGT AATAGCTGCCATCCCAT TTAGGGT TACAGGAATCTTTT
GGACTACT GAGGECATGCAGGAAGAGGAAGT GCTCAGGT TTGCCT GEGAGAAGCAGGEAAGT TTTCACAGCT GAGGT
GATGITTGGCCTCAGTCT TAAAGGAT AGAAAGAAAGT AAAGAAGGEGAGCAGCAACATGGTGCACT CGCAAT GACAA
GIGTTTCAGTGCTGCTGCAGGCGAGEEGT TCAAGCCT CCGAAAT TAAGAAAGAGAT T GTGGGAGACT GGAGTGAGGT G
GAGCCCAGATTTTGGTGATTGTCATGT AAAATATCAAGAGACT GGTGAGACTGGAATTGCAAACATTTCTGICATTC
GACATTTTGTCTGAGCCTTCTTCAATCTGICTTTTTTTGITTATGTATTATTACAATTATGGATTCATTAGCTGCTC
TGTCAAGGTAGCTTAGI TTTTTAAAACTTACTAAAT GACTGT GAT CGGCCT GGCACT GT GCCCCACACATACTGI GG
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AAGATACAGAAAAAAATACAGT TTCTACT TTTGAGGAGCTTACAAACT AATTAATAGAAGAATTGATATTCGTGECC
ACCTTTCTGCAGACTCACAGCATTCTGAGATTAGI TTGCAGT TTGTTCCAGTCATTTAGCCATTTCAGAAGT AGAGG
AAGAAAGT GTTATTTGCAAATGI CATGATTTCACT TTACACT CATTCCAGACATTGTGAAAATGI TAGT CTGAATGA
GGTGITAATATGAAGCT CACT CACCCCTCAGGEGACTGGT TTTTGAGAGGT ACT TAGCCAACCCTTCACT TGAGACCC
ATGCECCAGATAGEGACAGACAGGT TCTCTGTGECTTTAGCTTAGTGT TTCCTAATTTTAGTAATTTATGTATCATC
TTCACAGITGI TTGCCAGATTGT TCATCACTTATCCTGT TGI TTTCCTAATAWT TAAAAAAAAAACAAACAACAACT
CACTTCTTAGCTTCGTCTTAAGCAACAGCACCTGTATGATAATGGGT TTGATACAATCCTTTGT GTGTGT GTGAGAG
AGACATCCACAGATATTACAATAACT TCTTTTAAAAAGT CTATAATCT GCCTAAAAACAT CTATAAAAGCTTGAAAA
CTAAAGTGAAT TCATAAT AGAGCCT CAAGCGAGAAAGAGCCACCCACCTAGGT TAAGCCTGGTATTTGAGTCCTTGT
ACTAATTTTTAGGAGTAACATTTGAGATTATTTTACTTATGCCTTACTCTGT TAAGATTAAAGT TGACATAGATGAG
GGGATAAGAAGAAAAGT TACATGAATAGAAAT GAAAGAAGAACCT TTAGT TGTAGAATGGGAAGCT GTTAAGAGT GT
TACAAAAAT GGACCAGAACAAAGGAGACCCGT CATGTGGTCTTGGAATATTGTGCTGGT TTGCGT TCTGAGGGCCT G
ACTGCGCAATGCCAGAGT TTGTGGGEGAACT CTTGT CCTAGAAGAAGT TTGCTGACAT GGATAGGAAGGAGAACAGGA
CCTCTGEGAATTTTGTCGAGT GCTCT TTTAAAATCAGT GCTAGT ACAAAT CCTTAAATGT CCAGATAGAGGAAAGGC
GTAGGGECACAGTGTCACTTGACT TCATTTAGAAAGT CATTTCCAGT GTATATTTCAAGGAAGTACATATGATCTAA
TAAATGATTTTAGGACT TTGGT TAAAATAAAGT TAATCATTTACACTGAATGAATTTTTATTTTCAGI TCAAATGCT
TGAACCAGACAATAGATGAGT TTAGGT TTGTGATCAGAAATGT TATTTTTATACATTTTATTTTAAAAGGCGAATGC
CAGATTAATGITGCTTGATTTTTCAGATGAAATACATATGTGTGTGTGTGTGITGTGTGTGTGTGTGTGIGTGTGI'GC
GCGCGCACGCOGCGT GOGCAECEOGCCECECGT GT GCTTGGT CACT TAGT CGTATCT GACGGT TGAGACCCCATAGACCA
TAGCCT GCCAGGCTCCTCTGT CCATGGGAT TCTOCAGGCAAGAAT ACT GGAGT GGEGT TGCCATTTCCTTCTCCAGCG
GATCATCCCCACCTAGGAAT CGAACCT GEGTCTCCTCCATTGTAGCECAGATTCT TTACT GACT GAGCTGT GAGSGAC
CCCCTAAAATTTGTAATTTTAGACCAGAAAGATCAGTGT TTTATAGT GCTTCTCCCATACTCATTAAGTAAATATTG
CATTTGATTATATTTTTATTTACTTTCTAGAAATACTTATAGAAAGTAAATATTTTTGGTATTTTGT TTTGAGGCAG
TATCCAGCTATAACTTTAGCTGTATTTTATGGACAAAAAATGTCATAAGTATTAGGATTATTAGTCCCTTTAATCTT
TTTAGTGCTGIATTAAGGTGTAGAAAT TTAAAAAT TACTAAGGGT AATGI TCCTGAAGGACAT TCTGCAGTGAATAT
TTTTGTCATTAAGTATTTCAAAATTTTTATTGCCT CAATAAAAATAGATAATTGAAACTTTTTCTTAGECTTCTGIC
ATATCACT GTAGGGAAAATGCGAAATTAATAGAT TACAT TGGAAAAAAGTATTACAT GATTATAAAAACCAAGT GACG
TTGITGTTTAGI TGCTAAGICATGI TCAACTCTTT TGCGACT CCATGGECT GAAGCCCACCAGCECTCCTCTGI TCAT
GGGATTTCCCAGGCAAGAAT AGT GGAGTGGGT TGACCAT TTCCT TCTCCAGGEGATCT TCCTGACCCAAGGAT GGAAA
CTGOGTTTTCCGCACTGCAGGCAGAT TCT TTACCACT GAACCACCTGGGAAGCCCAAGT GAAGTATATACTTGTAAT
GTAACTTTTAATCCTATGTCAGAGTGTGAGTGTGTGTGTGTGTGTGAGT TGCTTAGT TGTATCTGACGCTTTGCTAC
CCTATAGACTGT AGCCT ACCAGGCAAGAACACT GGAGT GEGT TGCCATTTCCTTCTCCAAAAGGAACTATAGAAAGA
AAGAAAGAAAGTGAAGT TTCTCAGT TGTGT CTGACT CT TTGCGACCT CAT GGAT GGTAGCCT ACCAGECTCCTCCAT
CCATGGAATTTTCCAGECAAGAGT ACT GGAGT GBGGTGCCATTTCCTTCTCCCTTATGT CATTAGT AGT GGGGAATT
TGAGCCCAGAAAAAAAATTTTAAATCACTTTTTTTTTTCCTATTTTAAAATGCCGEGTCCTATTTATCTTATATGGT T
ATTGCCAAAAGATAATACATGTGAATCCTTATTTTAGTACGACAGT TCTTGAGI TTTATTTAGITTTGGT TCCTATTC
CTGCCATGTAACAATTTTTTATATTTAAGAAGT GCAAGGAAACT TTTGTAACTATGTAAATATAACTCTTTTAACTA
TGTATCAATTTTTGGGT AGAT TGCAT TAACAAGCAGAT TCCGGAAAAAAAGCT TTTTAAATGGAAACATGTTTGAAC
AATGGCATGTACTGTI TTCCTCACATTTGATGCCATTATATAGT CGGACACGACT GAGCGACTGAACT GAACTGATAGT
TTCCAAAGATTTTTGIGTTTTTAATCTCATATAAGCCTTTTAGI TATATGTCTTTAAAATGGECCTTAATAATGGT TA
TCTACCTTATAGGATTATTGCGAGAAGGT TATAAT GAGAAT TAAMIVTAMT GCTCTATTGCT TACTACAGTGCCT GA
TACATTGACATTATTAACTCTGTGT TCAAACTCTTTCTTTCAATTGACTTGTGTCTCTTTTGT TTTTAAATTATATC
TATTTTTAGI TAAGGTATAATAT CAAGTAAGGT GCATAAATCTTAAGT GTATAAATGT TATAAAACTTTCATTTGCT
TACATCCATGIAATCACTTTCTAGATCAATAAGCAGAACATTGATGTCACTTTAAAAGT TTCCCTTGTGCCCTTTCT
CAGITCATTTCCTCTCCCTTCCOCT CCCAGAAGCAATCATTATTCTGAGI TCTATCTCTGTAGATTAGTTCTGCCTAC
ACTTGAACTTCCTATAAATGCGAGT CATACAGTGTACTCTTTTTTTTTCTGTCTGCTTCTTTTTGT TTAAGACAGTA
TCTATGAGAGI CACCCACTGAGT TGCATGTATAAGTATTTTTAAAATGTTTTATAATATTATGT TATATGAATGTAT
GGCAGTTTATCCTGT TGACAGATATTTTGGT TGTTTTTAGT TTTAGTATTTGACTATTATAAATTGCGI TGGTATGA
ACATGTTTGTATATGICTTCTGGTGGAATTTGTGI TCATTTCTCT TAAGT ATATACCAAGEGEGT GEGACTGT TGECT
CATAGCGT TGGTGTATGT TTAATACT TTCTCAAGCAGT CAACCACCAAAGT GGT TGAACCAGATTATATTCCCACTA
GAAATTTCCATCAACAGGAGGEGT TTCAGT TACTTCACATCCTGGCCAATACT TGSTATTGT CATGT CAGTATTATT
TATTTCATCTATTCTAGTGAATGTGTATTGGTAACTCCTGGTTTTAATTTGCATTTCCTTCCTGAGTAATTATCT TG
AACATCTTTTCATATGI TTATTGGTTGT TTGAATATATGCCTTTTGAAGTATACTTCTTCAGTCTTTTCACATTCTTT
AAAAAAAATGCAGT TGT TTCCTTTTTTAGTGATTTATCAGATAATCGATTGTAGATATCT CCAGTGAGT GGATTCGCT
GGTCACTTTCTTTAAAAAAATTTTTTTTTTAATTTTTTTGAAGICTAATCAGI TTTTTTCTTTTATGGI TTTTTTTT

TTTGCATTATGI TTAAGAAAT CATCAACCCCCAAGGT CATAAAGATAGTTCTTTTTTTTTTTTTTAAGTAAGCTTTT
ATTTGTTTTGITTCACATATTATAGGTCTTTGCCACTTTGAAATTTTTGT GAGTAGGGTCAAGT TTACTTATTTTCC
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AACCAGATGTCTAGTGECTCCTTCTTCACTATTTATTAAACAGACCATACT TTATACCTGAATTTCAGT GGACCTTT
GGTCATTAATCTGIGITCCTGTATATGTGAATCTATTCCTAGSGTGECGT TTTTGST TGTTTTCTTTTGATTAGTAT
TTATCTATCCTTGI GOCAGT GACACACCATCTTACCATATTTTGTCCTCCAACTTTATTTTTCTTTCAAGATTATCT
TGGITGTITCTGEGTCCTTCCTTTGTGTCACTCTATACATTTTAGAGT TGECTTTTCAGTATCTACACACATGT GGAG
GCATGCACACACATATGCCTACTGECGTTTTGATTTCGATTGCATTGAATCTGTAGATTATTTTGCCGGAGAATTGA
CATCTTAACATTCTTGAATCTCCAAAACAATAAACATGCGACTATTTCTTCATTTCTTTAAGICTTTGATTTATCTCA
GGAATGITTTATAGT TTTCAGTATAGAGT AGAGGT CTTGTACATTTTTCATTAGATTTACTATTAGACATTGGTATT
TTCTGGTGCTTTTGTAAATTGTATTCTTTTTTGACTGAAAGAAAACT TTTTTCTTTTTTAAGAAAACATTTTTGAAT
TTTGIGATTATAATCATGACAATAAAGAT GTAATAAGT GAATTTTAATTAAACTAAATT GTCT GCAAAAGCTACAGT
CGGCAACCACTGAATCATTTCAACTGATGCATGTCTCATTCTCTTGATTCATTCTTTTTTAAGATTTGI TTGTGTAT
GITTATTCTTTTGECTCCGGTGEGTCT TCGTGECTGTAGTGGECTTTCTCTGST TGT GGT GEGCEEECCTCTCAT TG
CAGTGCCTTCTCTTGT TGGEGAGT GT GGECT CCAGGT AGGCT TCCCAGGCT TCGGTCGCT GTGAT CCGEEECT CAGCA
GICACGACTCTTGEGECT CTAGAGCATAGECT TAGCAGI TGT GGT GOGCAGGCT TTGT TGCTCTGCAGCT TGT GGGAT
CTAACCAGT GI'CCCCTCCAT TGCAGGEGTGCATTCT TTACCACTAGAT GACCAGGGAACCCCCTCTTGATTGATTCTT
TAGTTTAAAAAATTAATTAACAAT TAAATGACATTTTAAAAATGAAAAAT TTAAAAGGAAACT TCAGAAGTATTCAA
ATTTATTTTGAGGACTGT TTTCCATACAGTAAAATGTACAGATTTTTCTTATGCAATTTGATAAATTTTTTTCCCCT
AAATATCCACCCGT GTCGOCACTACCCAGT TCAAAATATAGGACATTGCTAGTAGCT TTAAGCCCCT TCCGAATCAA
TCCTACACT CTCCCCOGT AGATAACCATATAGGTAGCTGI TACTGAGAATGCTTTTACT TATAGAAATTTTGCTTCA
TTATTTGAAACTAAAGAAGT AATTCCTTGGATGT TTATAAAGTATGGECTTTTATTTTCAGTAGAAGT GATAGACAGT
ATTCGATAGT TGCGGT TGAACTATGATTTTTTTTTTTACCAAGTAGATTGTACTTTTTTTACT TCATAGGATATATAA
TTTGACCTGTGT TGTATCATTCATGI TGTAAGGAGCAGTAATTATTTCATTTTCATTGCTTTAGTAGAGTATGTACA
TACTTACTAGI TTAGATAAT COGAGGTAAAATTATCTGCTCAAATACT TTTCTTGACGCAGT GTCTAACATTAATAC
AGAGATTGTGGTGECTTTCTTACTGATATACT GAGAGAAACT GT GGTACCT GAGSGT GI TEGEGAGEGAGGAACGTI TC
TGTCGCTCCTCTAAGAGCCAGCGAATCACCT TGGTGGTAAAGAAATTACAAAACT TTGTACATTTCCTCTGITTTCTG
AAATTTATGTACTTCTGCTAGTAGGAAATCAGTGACTCTTTATTTTTTCTTTAAGI TTTTATACTGTGGAAATACTA
ATAATCCCTCACATTTATTGAGI TCATACTAGGTACAAGTACTATCCTGAGTGCTTTACTTAAATAACCTGATTTTA
TTTTCACCGAAACTAATGTTTAACTAATCCTCTGTAGACTGAGGT TTGCEGTCAGT GTAAATGATTCCATCCTTTAA
ATTTATGCCTAGGGECAGGT GACCCCCATTTTCTAACTGT TGECTCT TTTCATGAACAGGTATGT CATCGATGGGECCA
CTGCTCTTTGGT GT GCAGCAGGAGCGEEEACATTTTGAAGT TGT TAAGCTTCTAGT CAGT CATGGAGCCAACGT GAAC
CACACCACAGT AACTAACTCAACCCCT CT GOGGECACCATCCT TTGATGECAGATTGRACAT TGTGAAATACT TGGT
CGAAAATAATGCCAACAT CAGCATTGCCAACAAGT ATGACAACACT TGCCTAAT GATTGCGECCTATAAGGGACACA
CTGACGTGGTCAGATATCTTTTAGAACAACGT GCTGAT CCGAAT GCTAAAGCACAT TGT GGAGCCACAGCATTGCAT
TTTGCAGCT GAAGCCT GGGCACATAGATAT TGI GAAGGAGCT GATAAAATGECGT CCTCCTATAGT GGTGAACGGECCA
TGGGATGACGCCAT TAAAAGT AGCTGCTGAAAGCT GTAAACCTGATGT TGTCGAACTGT TGCTCTCTCATGCTGATT
GT GACCGGAGAAGT CGGATTGAAGCT TTGGAGCTCT TGGGT GOCTCCT TTGCAAAT GATCCCGAGAACTACGACATC
ATGAAGACATATCACTATTTATATTTACCTATGI TGGAGAGGT TTCAAGAT GGTGATAACAT TCTTGAGAAAGAGGT
TCTOCCACCAAT CCATGCTTATGGCGAATAGAACT GAAT GTAGAAATCCTCAGGAACT GGAAT CCAT TCGGCAAGACA
GAGATCCTCTTCATATGGAAGCCCTTATAGT TCCGGAACGGATT TTAGGT GCCGACAACATTGATGT TTCCCATCCC
ATCATTTACAGGGGAGCTGI TTATGCAGATAACAT GGAATTCGAACAGT GTATCAAGT TGTGGCTTCATGCCCTGCA
TCTCAGACAGAAAGGCAACAGAAATACCCATAAGGATCTTCTTCGATTTGCCCAAGT TTTTTCACAGATGATACATT
TAAATGAAACT GTGAAGGCCCCAGACATAGAAT GT GT TTTGAGAT GCAGT GTGT TGGAAATAGAACAGAGTATGAAC
AGAGTAAAAAAT AT TCCAGATGCTGATGT CCACAGT GCTATGGACAATTATGAATGTAACCTCTATACCTTTCTGTA
TTTAGT GI' GCATCTCCACCAAAACACAGT GCAGTGAAGAAGATCAGT GCAAAAT TAACAAGCAGATCTACAACCT GA
TTCACCTGGACCCCAGAACT CGT GAAGGT TTCACCT TGCTGCAT CTAGCT GTCAACT CAAATACCCCGGT TGATGAT
TTCCACACCAAT GACGT TTGCAGCTTTCCAAACGCCGCT TGT CACAAAGCT CCTGCT GGACTGT GGT GCTGAGGTGAA
TGCTGT GGACAATGAAGGGAACAGCGCCCT TCACAT TATCGT GCAGT ACAACAGGECCCATCAGTGATTTTTTGACCT
TGCACTCTATCATCATTAGI CTAGT TGAAGCT GBCGCT CACACT GACATGACAAAT AAACAGAATAAAACTCCGCTA
GACAAAAGT ACAACT GGGGTATCAGAAATACTACT TAAAACT CAAAT GAAGAT GAGT CTCAAGT GCCTGECT GACCG
GGCAGT TCCEECTAATGACAT TAACT ACCAAGACCAGATCCCCAGAACTCTTGAAGAGT TTGT TGGATTTCATTAA
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Appendix 6

Sequences gener ated for validation of the identified disease associated deletion.

1. Normal sheep CPW384 using forward primer

>Ref seqf orward

GT GCTGCT GGAGACCACCCGGEEGT CCGAEGTCCACGRCCOGCEECOCCEEACCCCCCGEUCCACCCGAT CACGT GECGG
GGCOGCAGT TCCACT CCGCCCAECCEECECGEOGCCCACCT GGCCT GCAGGAAGGAGGCAECCCGGCTGCECGCCGGAGC
CGCOCGOCGCT COCGEEGET GCCACCTCCACGOCGCAGOCT CCATGGCTAACCT TCOGGCCAGGCCCTTOGCOCCACTG
CCGGTAGCTGCAAACAGGT TCCGCTGECCGAAGECT GCGAAAGCGAACAT CCAGOCGCOGGEECGAGCEEEAEGCEGAC
GAGAGCGAGAGCACCCGECCCAGCGEECEOEEECCEEEEECAEGAGCCAECEEEEECOGGEEACCAGGAGACGCECCAECAG
AGCGAGGGAGGCAGGECGAGCT CCOGECCGEEAAGGAGERECOCACGEOCEEEGECEEEECEEGEOGGAGEEECEGGAG
GGAGGGOGCACGECGEOGEGEEECCT CCTCAEECT GEGACGCC

2. Normal sheep CPW384 using reverse primer

>Ref _seqreverse

GGGEGAACGCGCGT GCGECCT CCT CCECCCT CCECCCOGECOCCECCCCEECCGT GAECCCCTCCT TCCCGEOCEEEAG
CTCECCOCGCCT CCCTCGCT CTGCEECACGTCT CCT GGT CCCEECOCCOECCEELT COECCCCCEECCCGOGECCECT
GGGOGEECGCT CTCGCT CTCGTCCECCOCCACT CGCOCCEECACT GGATGT TCGCT T TCGCAGCCT TCGGOCAGCGG
AACCTGT T TGCAGCT ACCGECAGCGEEECGAAGEECCT GBCCEGAAGGT TAGCCAT GGAGGECT GOGGEUGCCGAGECG
GCACCCGEEGAGCEECEEGECEELT CCEEOECAECAGCCEEE0GECCT CCTTCCT GCCAGGCCAGGT GEECGLECECCEECG
GGCCGAGCGGAACCGEUGGECCCCGCCACGT GAT CEEEOGEECEEEEEGT CCGEECOGECEEECCGT GGACCCOGGACCC
CGGGT GEGTCTTCCCAGCGCTACGCCTGCAGCTGI TTCCCCCCC

3. Carrier sheep SH1008 using forward primer

>Carrierl
TTGCTCCTGTAGACCACCCGGEEGET CCGEEGT CCACGECCOGCEECCCCOGEEECEGAGEEECCEAGGEAGEECECAC
GGCACGEEGECCT CCTOGGECT GGGAT CTGCTGCACT CCGACCTGCAGGAAGGAGECGCCCAGECT GCGOGCOGGAGLCC
GCCOGCOGCTCCOGGEGET GOCGOCT CCGOGCOGCAGCCT CCAT GGCTAACCT TCCAGCCAGRCCCTTCECCCCGCT GC
CGGTAGCT GCAAACAGGT TCCACT GECOGAAGGCT GOGAAAGOGAACAT CCAGCACGEEGECGERECT GGGERCGEECG
AGAGCCGAGAGCCGCCGECCCAGCEECECEEECCEEEEECERAGCCEECEEEEECCEEGACCACGAGACGECGCCGCAGA
GCGAGGGAGECGEEGEOGAGCT CCCAECOGGEAAGGAGGGEECCCACAECOCEEECEEEECEEEECEEEECEEAGEEEL
GGAGGCGAGGECGCACEECAECGEEGAECCTCCTCGAECTGEGATCTGCTGOGCTC

4. Carrier sheep ID SH1010 using forward primer

>Carrier2
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TAGGT ATGCTGT AGCCACCCGEEGETCCAEEET CCACCECCCECEEOCCOCEEEECEEAGEEECCEAT GGAGGGOGCA
CGGEOECEEEECCTCCTCEEECTGEEAT CT GCT GCGCT CAGGCCT GCAGGAAGGAGECECCAEECTGCECECCEEAGC
CGCOCGOCGLT CCCAEEGET GCCACCTCCECGCCGCAGCCT CCATGECT AACCT TCCEECCAGGCCCT TAGECCCCACT G
CCGGTAGCT GCAAACAGGT TCOGCT GGCCGAAGCCT CCGAAAGCGAACAT CCAGOECEEEEECEEECTGEEECEEEC
GAGAGCGAGAGCECCEECOCAGCEECECEEECCEEEEECEGAGCCEECEEEEECOEGCGACCACGAGACGCECCECAG
AGCGAGCGAGECAEEECGAGCT CCCEECCEEEAAGGAGEEECCCACEECCEEEEEEEECEEEECEEEECEEAGEEEG
CGGAGGEAGEECECACGECECAEEEECCTCCTCEEECTGEEATTGCCT

6. Affected sheep ID SH1021 using forward primer

>Af fectedl F
GT GCTAGCT GGTAGACACCCGEEGT CCEEEGET CACGECCCGCEECCCCCEEEECEEAGEEECGEAGEEAGEECECAC
GGCECGEEECCT CCTCGEECTGEGATCTGCTGCGCTCA

7. Affected sheep ID SH1021 using reverse primer

>Affectedl R
GTGEGAACGCGCGT GOGCCT CCTCCGCCCCTCCACCOCGEEEEECCACEEECCGET GGACCCCGGACCCCGEGTGEGTC
TTCOCAGCGCTACGCCTGCAGCTGITTCCTCGCCCACTCGA

8. Affected sheep ID SH1025 using forward primer

>Af fected2 F
GCCCGCEECOCCCEEEECEEGAGEEECERAGEEAGGEGEAGCACGECEOEEEECCTCCTC

9. Affected sheep ID SH1025 using reverse primer

> Affected2 R
CTCOGCOCCTCCACCCCGEEEECCACGEECOGT GGACCCOGGACCCCEEGET GGGTCT TCCCAGCGCTACGCCTGCAG
CTGITTCCTCGCCCACTCG
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