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f‘«?’%ﬁa Quality Wheat CRC Ltd.

im] MWW Professional Development Program

WHEAT  Workshop: Molecular Technologies for the Wheat Industry
CRC  Friday February 19, 1999

Program:

8,30-10.20 Introduction to Molecular Genetics
(Clare Johnson)

10.20-10.40 tea
10.40-11.30 Origins and relatives of wheat, and conventional breeding strategies
(Fred Stoddard)

11.30-12.20 Molecular tags, and design for rapid breeding
(Peter Sharp)

12.20-1.00 lunch
1.00-1.50 Bioinformatics - Gene discovery in the area of wheat flour quality

(Rudi Appels)
1.50-2.40  Proteomics, protein technologies, potential and limitations

(Brad Walsh)
2.40-3.00 tea
3.00-3.50  Application of molecular technologies in diagnostics etc for the wheat

industry (Thomas Giersch)

3.50-5.00 Reception

Hope you enjoy the day!
Clare Johnson
Education & Training Coordinator

The University of Sydney



<~ Moelecular Genetics Overview,
4‘

~ Clare Johnson
|

Nucleic Acid Bases

> 4bases; - Plusdeoxyribose

Adenine q Deoxyadenosine 5'phosphate
Thymine ﬁ Deoxythymidine 5" phosphate
Cytosine ﬁ Deoxycytidine 5 phosphate

Guanine ﬁ Deoxyguanidine 5'phesphate

<~ Common:
I. sugar phosphate backhbone
|

»>Phosphoediester:
bonds link5 == 3

|
<

) |

" Introduction to:
<

~ > DNA structure
~ > Sensedirection
< > SeguencingandPCR

b |

<|~ > Restrictionenzyme specificity/ mapping

~ > Coding /expression
« > Genome/ Proteome

<~ > Conceptsiofhomology- lineax, motif; structural
N

N

~ Deoxyribonucleotides
|

«

Base-pairin
45 pairing
N

~ > Apairswith T
|

by 2.H bonds
<~

~ > Gpairs with|C
| by 3 Hilbonds

«

N




<~ Complementary strands
~ and direction
<

~ > one strand implies the other

Sense strand

———
AAGACTACGITCGGATAGATCCCA &

n
~5

3 TTCTGATGCAGCCTATCTAGGGT 5
. e ——
_

Antisense strand

«
ﬂ
|
«
|

> strands goiiniepposite directions

N

‘ PCR: geometric progression
«

< ~ AAGACTACGTCGGATAGATCCCAGTAAGT
~ melt apart( 940C)
« TTCTGATGCAGCCTATCTAGGGTCATTCA

~ SITTCTGATCC — e— g
AAGACTACGTCGGATAGATCCCAGTAAGT

« TTCTIGATIGCAGCCTATCTAGGGTCATTICA
4.| 3 e CCAGTAAGT 5

N

R

o :
~ Seguencing
<

.l 5 -
AAGACTACG
TTCTIGATGCAGCCTATCTAGGGICATICA

«

.
<'~ AAGACTACG i

Ny TCTGATCCAGCCTATCTAGCCTCATICH
«

X

N

AAGACTACG
TTCTGATGCAGCCTATCTAGGGTCATTCA

) |

1‘ Strand extension
<

AAGACTACG
TTCTGATGCAGCCTATCTAGGGTCATTCA

4‘ > Amplified fragmentlength pelymornphisms

~ > Fineresolution
<
~ > Variationsiin

< characteristic pattern

» Indicates insertedordeleted sequence in
gene fiom different strains

.

ﬂ. ]_lu-.tdﬂluiu#muh}%uxulhlliuuu:_ll'uuliuuAIMJJMMI.MhilH!mMt.l'_uill'uwm“
|

> Runreactionsiforeachbase (GATC)
> Random terminations threughout
> Pool ™ total sequence




4~ DNA matifs:
~ Restriction enzyme SpecIficity
<

—
.I mirrorimage

~ TACGTC ATCCCAGT
ATGCAG TAGGGTCA

|

ﬂ

«

.

\
D

Wy Flexibility
|

Bam HI

TACGTC ATCCCAGIT

«
o ATGCAG TAGGGTCA

Bgl Il

TACGTC ATCCCAGT
ATGCAG TAGGGITCA

a
.
p
.
.

a

|
~ RELPs

|

~ > Restriction fragment
~ lengthipolymorphisms

|

> \Variationsiin
~ characteristicipattern

> Indicates inserted or
\‘ deletediseguencein
< gene fiom different

~ strains
il

N

~ Restriction enzyme Specificity,
|

~ BamHl
o

~ TACGTC ATCCCAGT
o ATGCAG TAGGGTCA

X
‘ b TACGTC ATCCCAGT
o ATGCAG TAGGGTCA

Complementary sticky ends

<
‘ Restriction Mapping
<

~ > 6hase palindromes occurrarely: (1in4°=4.1kb)
|

> 8basepalindromes more rarely (Lin4°=65.6kb)

~ Digests ﬂcharacteristic patterniofifragments

«
~ Codingjand expression
«

AACAAATGGTCGGATATATCCCAGTAAGT
TTGTTTACCAGCCTATATAGGGTCATTCA

AACAAATIG.GTC.GCA.TAT.ATC.CCA.GTAAGT
Met Val Gly Tyr Ile. Pro Val Ser

Total 20 commoenamine acids plus STOP
from) 64 pessible codons
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<
~ Genetic code ~ Amino Acids
< - <

|

B
N
B
N
B

™
~ AminoAcidto Protein Genome / Proteome

4‘ > Coding directionis N ®C

Different genes expressed indifferent
> tiSsues
> developmental stages

> metabolic states

aipartic asid

a

| |
~ Concepts offhomology, ~ Concepts offhomology,
« |
~ Similarity maybe l. Similarity maybe
~ > globali(‘linear, whoele cDNA) ~ > structurall(including active triad sites)
|

Proteinia

= Summ_—— Proteinh 4 I

« > local (‘funtional motifswithin cDNA') - far fewer structuresthan seguences

[ O O O K [odisiie
4 (O O O O [ | Proteind

«

N




Wheat evolution and breeding

Fred Stoddard
The University of Sydney
and
Quality Wheat CRC Ltd

Wheat is inbreeding

= Fixed genotypes

+ Cultivars contain identical planta
— within crops
- between seasons

= Breeding program must be designed
accordingly

Some really basic genetics

» Higher organisms are diploid (2n}
= one set of chromosomes (n) from each
parent
"« at fertilization, n + n--» 2n
+ Genes are in pairs

Meiosis or reduction-division

+ chromoszomes pair and exchange genetic
information

» one member of each pair poes t each pole
+ thus each gamete is unique

Paired genes

+ Often “dominant™ and “recessive”
- one dose is enongh
=AA=Aa aa

+ others “additive™
-AArAa>an

Multigenic traits

alalAZAT AlAlaaZ

Fi:
AlaiA2a2 | (Hetarosia)
2

STainia? |[ AmnzAu || AAM | [AAAS AARA|[ ATAIAZAZ
Tranagresaivy | szAa, anah || AnAs, Aazh || AaAA aAAA ]| Trams preaaiv
spropanl lAAMAA e gregant




Hexaploidy

» T aestivum is a “segmental hexaploid”
= (diploid three times)

+ This cubes the probability of finding a
random mutation:
1 in 108 per genome = 1 in 1018
= 30 biltion tonnes of wheat

Example: waxy starch

+ Barley, rice, maize: waxy is wWxwx

= Wxwx and WxWx are normal

* S0 in wheat we want
WX, WX, WX W, WX, WX, (aabbdd)
but we ¢can't distinguish the starch of
AABBdd from AAbbBDD or aaBBDD

+ We need cxtra tools for wheat

Conventional breeding strategy

» Many basic requirements

= Appropriate phenology (vin, ppd)

— Dizease resistances

— Grain colour, milling yield

— Hardness, glutenin composition for end use
= New quality atiributes

Typical wheat program

» Cross to peneratc variability

+ Inbreed to fix new combinations
+ Select for appropriate types

+ Multiply secd for release

= Roseworthy as an examplc
— Accelerated - 10 years instead of 13




MOLECULAR TAGS & RAPID BREEDING

TAGS:
RFLP RAPD 8SR AFLP
Assay RE + PCR with PCR with RE + PCR with
hybridization random specific random
10mers primers selective bases
Type of Single base, Single base, Repeat length | Single base,
Polymorphism | insertions & insertions & insertions &
deletions deletions deletions
Level of medium medium high low
Polymorphism
Inheritance Co-dominant Dominant Co-dominant Dominant
DNA required } 10ug 10ng 10ng Tug
DNA sequence | No No Yes No
required?
Radioactive Yes No No Yes/no
detection?
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Fig. 12. Molecular origin of RFLPs




Random Amplified Polymorphic DNAs

RAPDs

PCR

L+ 1L L |
e g LR L] e
| i1 YT TTITTFT T 7 TR 19 b prirmare

40 cycles of amplification
=1 million million capies

INDIVIDUAL DNA 1

ampliﬁcation/

Primers:

+ 10 bases long

» random sequence

» commercially available
e.f.

ACTTGECAGCE

INDIVIDUAL DNA 2

electrophoretic
separation

L R

Fig. 1
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USES OF “TAGS” IN SELECTION:

OVERALL AIM IS TO INCREASE CERTAINTY

e CONFIRMATION OF HYBRIDITY

o +VE SELECTION

e —VE SELECTION (BACKGROUND “CLEAN-UP",

ESPECIALLY IN BACKCROSSING)

/6
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® large-scale sequencing of exnressed gengs

Wheat endosperm ¢BNA library from 8/10/12 days
post-anthesis.

25,000 clones yrided into 384 well microtiter plates for
long term storage and large-scale sequencing

Sequences from 1000 clones are (:Inse to compietion

B Gene discovery in the area of wheat quality. -}
® large-scale sequencing of expressed genes

File frem senuencer is sent to ANGIS and vector segquences
||clinnaﬂll . ,

Files are filtered for guality and the ones that pass are
subiected (o a2 BLAST X and BLAST N seatrch

The BLAST X search transiates a DNA seqlience to protein
seguences [3 reading frames, given the %' end of the cDNA IS
fsfined) andthen uses these te screen the world daia hase

krtd
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® Bioinformatics [storage and analysis of ata)

o EE T Rk e e T b, T T A
o

The volume of data now being processed needs an
efficient stioraue ani analysis systein to compile:

-first pass seuuen'ce information

-clone Identity and its position within the grided array of
library

- record nuality of the sequence information

ne di covery in th.e area of wheat qUaIity:f:;f |

© Bivinjormatics [storage and analysis of data)
[continuedw)

-blast search results for a given sequence, including the P
sgore, besi maich

-palate sepuence back to the full biast resulis

-fuli sequence analysis of individual gene family members
and the resulis from seguence alighments

- hybridization tata for the time ang level of expression of
genes
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XpAGC/MCTGS
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A sclection of storage tissue mutations in cereals and peas*

anmylose extender (a2}
Bi10

B7

BY

britle 1 (b1

brittle 2 (B12)

defective kernel (dek 1

dull {dul)

Jloury2 (f12)
MI153

NI7, B3

N2

N34

opagite 2 {o2)
rugasus3 (rug3)
rHgasuss (rugs)
shrunken I (shi)
shrunken? (sh2)

soft starch (R
sugary ! {(sul)

sugary 2 ()
sucrose synthasel (sus 1)

viviparous I (vpl)

werry (wx)

Maize mutation gliving rise to statch with 60-75% amylose, Locus codes for starch
branching cnzyme ITh

Barley mutation cxhibiting unorganized callus-like cell populations in addition to the usual
starchy endosperm and aleurone,

Barley mutation which atrests development of grain at syneytial staga,
Barley mutation lacking an aleurone layer

Maize mutation. Locus codes for adenylals translogator responsible for ...
chromosome 51,

Maize mutation. Locus codes for small subunit of ADPG pyrophosphorylaze. Equivalent
locus in Chlamydomonas is sta 5. On chromosome 48,

Maize mutant resulting in failure of aleurone in endosperm development and failure of shoot
meristem in embryo development.

Mutant in maize generating an eponymous dull luster of the kernel. Locus encodes for a
soluble starch synthase.

Maize mutation. Kernels have opaque appearance and are soft and chalky.

Barley mutant defective in carly endosperm development, after ccllularisation has occurred.
Burley mutations that have separate endosperm wings and lack the dorsal prasmatic starchy
endosperm cells. ,

Barley mutation in which anticlinal cell walls fail to reach the ¢losing stage,

Barley mutation in which either the left or right endosperm halves fail to develop normally.
Mutant in maize resulting in a reduction in c-zein content. The locus codes for an
endosperm-specific member of the basic leucine zipper (hZIP) Family of transcription
factors

Fea mutant giving a wrinkled seed phenolype, Locus encodes for plastidial
phosphoglucomutase.

Mutant in pea giving a wrinkled seed phenotype. Locus encodes for a soluble starch
synthase and equivalent locus in Chlamydemonas is sia3.

Maize mutant giving a wrinkled seed phenotype. Locus encodes for sucrose synthase |
(851) - equivalent locus in peas is rugosusd (rugs). On chromosome 95 of maize)

Maize mutation giving a shrunken kernel. Locus codes for large subunit of ADPG
pyrophosphorylase, Equivalent locus in Chlamydemonas is sta /. On ehromosome 3L.
Maize mutation with endosperm soft and opague. On chromosome 3.

Maize mutation with increased level af sugar in kernsl. Locus encodes for stareh
debranching enzyme (isoamylase). On chromosome 48

Maize mutation associated with glassy endosperm, slightty shrunken phenatype of kernel
and altered granule morphology, On chromosome 5L

Maize mutant - locus codes for sucrose synthase 2 (552).

Maive mutant where kerncls germinate before ear mawres, Duc to insensitivity to abscisic
aeid. Locus encodes a transcriptional activator which interacts synergistically with ABA-
regulated transcription factors.

Mutants in maize that give the kernel a waxy appearance. They arc devoid of amylosc
starch due to abscnce of the granule bound starch synthase (GBSS). Similar mutants arc
found in wheat, barley, Chlamydomeonas (sta2), pea (lam) and potato. On chromosome 95,

. On

* data based on Doun et al (1996), Neuffer et al (1997), Wang and Cuming, (1995), Wang et al (199%)
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ABSTRACT

We have developed a relational laboratory database
system, adapted to the daily book-keeping needs of
{aboratories that must keep track of information
acquired on hundreds or thousands of clones in an
effective and user-friendly fashion. Data, whether final
or related to experiments in progress, can be accessed
in many different ways, e.g. by clone name, by gene, by
experiment or through DNA sequence. Updaling,
import and expart of results is made easier by specially
developed 1ools. This system, in network version,
serves several groups in our Institute and (over the
Internat) elsewhere, and is instrumental in collaborative
studies based on expression profiling. 1 can be used
in many similar situations involving progressive
accumulation of information on sets of clones or
related objects,

INTRODUCTION

hMany public databases have been established 10 stare and make
available all kinds of genomic dara, from maps 1o seguences
through ¢aralogues of mutants and protein motifs (1). Fecent
cfforts have been aimed, in particular, at making gene expression
data publicly available and at the same time providing users with
data analysis tools (2), In addition, large laboralories, such as
Genome Centers involved in intcnsive genome mapping or
sequencing, have sel up their own dalabase systems o siore their
results and prepare the data for distibution o the sciennfic
community. Being geared 10 a particular gperation, such systerms
are rarely made available or even published. One of them, the
*Genoms Notebook', developed primarily to handie resclts from
the human chromosome 11 mappig project, has however been
described in some detail (3).

Increasingly, *conventionat laboratorics (L.e. groups of relatively
small size operating in an academic environment) are interfacing
with the genome project and making use of its results (g, sequance
or mapping duad, but also of resources such ag the IMAGE ¢DMNA
clonc set {4), and of semi-automated procecures that boost
throughput by one or two orders of magnitude. Thistrend results
in a large increase in the number of objects and in the amount of

information, requiring efficient archiving and easy retrieval of
experiments in progress, intermediate resulls and “final’ data, The
traditional approach, i.e. manual notebooks supplemented by 2
number of computer files in spreadshesar sofiware, can no longer
eope with thus daa flow, and a proper laboratory database
becomes nacessary.

A number of projects developed in our Institute are centred
around genes expresied in the mouse thymus. We use organised
¢DMNA libraries, mensure expression levels by hybridisation of
DNA arrays with camplex probes, and obtain additional information
(1ag sequence, genome mapping, elc.} for sets of clones selecled
according to thetr expression patiern (5-=8). Thus the infermation
we wish to store in a laboratory database is largely organised
around 2 list of clones (expression data, sequences, resulis from
Southems and northams, ete.) but alsa includes the deseription of
libraciey, the make-up of specific arays, as well as protocols or
publigation references, Other engoing regearch programnics use
sets of a few hundred IMAGE cDNA clones as reagents for
expression profiling in various situations; again, good book-keeping
is essential to keep track of clone choice, procurement, verifica-
ticn and of cxpression data. Keady-made membranes provided by
several suppliers  (hetp:/fwww clontech.com/clomech/Catalog/
Hybridization/atlas htm] |, http://www.genomesystems comyGDA/
and hup:,’/’\\'ww.rcsgcn,com/ y as well as by resource centres are
also used in some projects and generate 4 need for data archiving,

To be really useful in the context of & biological laboratory, a
notcbook system must be extremely user-friendly: it should be
used daily by each member of the group, and the tnterface must
be designed with this in mind. It should run well on affordable
miachines that the prospective users are familiar with, i.e. in mosl
cascs on PC or Macintosh microcomputers. The system must be
extremely flexible and aflow additions and changes to be made
without loss of previcusly entered dua, (o accommodate casily
new experimental approaches or new ways of analysing existing
information; data sccurity and access privileges should also be
well organised,

We have wsed the 4th Dimension {ACIH relational databuse
management system thupr/fwww.aci-4Dweomy ) w develop o
laborutory dutabase, LABNOTE, aiming to Tulfil Uns need. dth
Dimension (A1) his been used previously for biologicul databases
{9,10), for & large number of (unpublished) medical databases,

*Fo whom comrespondence should be addressed. Tel: 33 4 91 26 94 66; Fax: +33 4 91 26 94 30, Email: jordun@eiml.unav-mes.fr
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Sample Preparation

o Most critical step
o Varies according to sample

+ Precipitation to remove salts and/or
contaminants

+ Soluble samples

o Prefractionation




Imaging and Melanie

Silver stained gels analysed using
Melaniell

Control vs test
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MALDI spectrum of E. coli protein spot
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= Date Started - 12/6/98
24 Number of gels 3
No. of spots analysed with MALDI 1085
No. of spots confidently identified 565
{ No. of spots putatively identified 55
' No. of unique proteins 195

# No. of spots identified on the 3mg master 324
i No. of spots on 1mg master not on 3mg 17
No. of spots on 6mg master noton 3mg 21

N and C Terminal Sequence

T 2 GVNKVIL VGNLGQDPEV RYMPNGGAVA NITLATSESW RDKATGEMKE QTEWHRVY
HOILAEVASEY LRKGSQVYE GAQLRTRKWTD QSGQDRY TTE VVVNVGETMQ ML GGRQG
PAGGNIGGGQ PQGGWGQPQQ PQGGNQFSGE AQSRPQQSAR AAPSNEPPM D FODDIPF




Post Translational Modifications
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GlycoSite™ PTH-glycoamino acid Profiles
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FIGURE 2.5
Light- and heavy-chain structure. (Adapted from Silverton et al, 1977.)
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1. Sample (eentalmng pesticide, P) and enzyme-pesticide
cenjugete (P9 edded te entlbedy-eeeted microwelil.

Ineubated 5-60 min. ;
2. Cempetltlen between P and P" far limited number of

antibody _blndln_g ‘'sites. Unbound pesticide and enzyme
conjugate removed by washing step.

3, Colour developer (enzyme substrate/chromogen) added.

1) eccupancy ol antibody binding siles by the analyie
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. Speed 5

Hngh sample throughput (96-well microtiter plate format)
. No need for specnal skllls _
. No need for expenswe equlpment

. Can be developad for almost any component
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Polyclonal antibodies Monoclonal antibodies

preparation of antigen preparation of antigen
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isolation of mRNA

- reverse transcription into cDNA
+  separate PCR amplification of variable heavy- and light
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« Sfil/Notl-digest

§: chain regions
§ - assembly of H- and L-chain with linker (ScFv) ;

« cloning into' phagemid pCANTAB 5E

« transformation of E. coli (TG1)
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émn Overview of site-directed mutagenesis
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Gene in plasmid with
target site for mutation

Denature plasmid and
“anneal mutagenic primers

' Geﬁérate non-methylated
: mutgnt copy

-‘Digrést the methylated, nonmutated parental
"DINA with Dpn 1

| :g';l;'_@'méfprm mutated DNA
into’supercompetent cells

mug Colony lift assay with 110622 library
csmo (after 1 round Panning)
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ELISA with scFvs and mabs
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110222 (Mab) 110222 -9/2 110222 -B2

scFvs

Proposed initiative:

r High-throughput DNA-based diagnostics

Aim:

Outcome:

Strategies:

Targets :
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Delivery of molecular markers as high-throughput
ELISA-like diagnostic tests

Accurate and rapid identification of key quatity and
productivity traits for breeding programs

Compare PCR-based amplification methods with
DNA - capture detection (Direct hybridisation) techniques

Genes for specific quality traits
- late maturity alpha-amylase, dormancy genes
- starch synthetic enzymes
- polyphenol oxidases
Key storage protein (gliadin and glutenin) alletes
Hardness/water absorption markers
Disease resistance markers (Sr 2, 5r 26, Cre-3)
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random - mutator strains

. create |IbI‘ElI'IES from naive or immunised spleen cells
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. lncrease dwersﬁy by chain shuﬂ‘llng (combined with mutation)
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hig\h}y divers@é libraries need powerful screening systems

g“m ‘ Phage Display Technology g
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« antibody displayed on the surface of phage is highly
accessible for binding assays without disrupting the phage
particle -

R e T par ;e

b e 2

R ST S e P i i

i

- selection by panning is efficient and rapid
- enrich specific binders from a background irrelevant clones
- discriminate between high and low affinity binders
-large numbers of clones may be characterised

- phage recovery and expansion enable isolation of rare
clones
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+ physical linkage between phenotype and genotype
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Shortcomings of monoclonal antibodies
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. cell fusu:m durmg hybridoma production low in efficiency

. some speclﬂmtles hard to achieve (homologous subunits)

. Spemﬂmty and afflmty of obtained antibodies can not be
mampulated

%mm@ ’ Potential of recombinant antibodies

CSIRO
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PCR enabled facile and rapid isolation of antibody sequences
(cDNA)

Phage display and panning is a powerful display and selection
method for specific antibodies.
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Potential to manipulate specificity and affinity of of existing
antibodies by mutation or chain recombination.
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extend the immune repertoire by creating diverse combinatorial
libraries.

+ engineering fusion proteins possessing antigen binding sites
and labels (enzymes).
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+ cheap large-scale production in bacteria.

- transfer to different expression systems (insect, mammalian,
plant cells.
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1. Extract grain by shaking in salt solution adding sample
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R o with capture Ab
. Complexes captured by capture
antibody. Pink-coloured band forms
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detectlon Ab

Sampla application

Positive test ; two bands zone

Negative test : one band (control only)
Test time: 3-7 minutes
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Ram damage test

Chromosoma o o Gluten in products
translocations ‘ F'aatncu:la residues

Dough atran'gth. o Mycotoxins
LMAA N |

HMWGS + LMWGS
alleles
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%]lmi% Field detection of pesticides and i
“Pile’ L mycotoxins in storedgrain | CRCH
INDUSTRY

Enzyme / immanoaaaay field tests have been developed for most
insecticides and mycotoxins present in stored commodities

methods applied to wheat, barley, milling fractions, products
tests still required for Alternaria toxins
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Assays can datact either individual compounds or groups
depending on the chemistry used for hapten synthesis

Tests can either be used as screening tests or for quantification

Must validate i 1mmunoassay against instrumental method using:
raalduaa axtractecl with the same solvent! method
both |ncu;rrad and splkad remdues for each matrix
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lmmunomagnostics in the wheat production/processing chain

Iagh it ol

lmu noassay_ _formats

* Advantages of ;immunodiagnostics

'Poténtial of”én'gineered antibodies

From antlbody-producmg cells to recombinant antibodies

Mutation and screening

AL ol ek

PERYEE

@“HU@ Principles of Immunodiagnostics J gﬁ?

INDUSTRY ‘

Use of discriminating power of antibodies to detect or quantify
substances .

Steps involved in immunoassays:

Immune reaction (specific binding of the antibody with a
target molecule)

o N e P ER I A4 B L AL e T el o T T T LR

ST A e T

Separation of antigen-antibody complexes from unreacted
components

A R R R D K T e 5 TR A I s T

Visual or photometric detection of the reaction via (enzyme)-
Iabelled reaction partners
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Analysis of Human a1-Antitrypsin Isoforms
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Amino Acid Composition

Spot ECOLItest

AMING ACID COMPOSITION

Asx: 17.50 Glx: 15.00 Ser: 3,40 Gly: 7.70
His: 0.30 Thr: 5.50 Ala: 14.10 Pro: 4.70
Tyz: 0.30 Arg: 1.40 Val: §.30 Mat: 0.70
Ila: 3,70 Lau: 4.50 Pha: 3.80 Lys: 8.50

Tagging: No_Tag
pI: 4,68 FRange: 4.43 - 4,93
Mw: 9741 Range: 7793 - 11689

The ECOLI entries having pI and Mw values in the specified range:

Rank Scora Protein I Mw  Desecription

i 20 HDEA ECQLI 4,68 8741 PROTEIN HDEA.

2 187 GLR1 ECOLI 4.81 9685 GLUTAREDOXTIN 1 (GRX1).

3 187 YCCT BECQLI  4.70 8524 HYPOTHETICAL 8.5 KD PROTEIN IN AGP
4

5

224 YFHF_ECOLI 4.43 11534 HYPOTHETICAT 11.5 KD PROTEIN IN HSCA
224 THIO ECOLI 4.67 11675 THIOREDOXIN,

Outer Membrane Proteins

T
x1




Swiss Prot Entry for E. coli protein

SWISS-PROT: P02339

ID SSB_ECOL1  STANDARD; PRT; 177 AA

A POZ339:

DT 21-JUL-1886 (REL, 1, CREATER})

OT O1-AUG-1882 (REL. 23, LAST SEQUENCE LUIPDATE)

DT 15-JUL-1998 (REL. 36, LAST ANNOTATION UPDATE)

DE SINGLE-STRAND BINDING PROTEIN (SSB) (HELIX-DESTABILIZING PROTEIN),
GN S55B OR EXRB OR LEXC.

05 ESCHERIGHIA COLI

0C PROKARYOTA; GRACILICUTES: SCOTORBACTERIA, FACULTATIVELY ANAEROBIC RODS;
OC ENTEROBACTERIACEAE.

RN [1]

RP SEQUENCE FROM N.A., AND SEQUENCE OF 1-52.

X MEDUINE; 82037821, [INCRI, ExPASy, |srael, Japan)

RA SANCAR A, WILLIAMS K.R,, CHASE J W, RUPP W.D.;

RL PROC. NATL. ACAD. SCI. U.S.A. 78:4274-4278(1281).

RN [2]

RP SEQUENCE FROM N.A.

RC STRAIN=KAZ f MG1655;

RX MEOLINE; 54089392, [NCRI, ExPASy, lsragl, Japan]

RA BLATTNER F.R., BURLAND V.D., PLUNKETT G. lll, SOFIA H.J.,
RA DANIELS D.L.; '
RL NUGCLEIC ACIDS RES. 21:5408-5417(1923).

Features
» Monoisotopic peak lists

* Filters contaminating
masses (trypsin}

* Submits data to MS-Fit
engine

* Dynamically adjusts user-
definable parameters

* Uses the pl/Mr matching
capabilities of MS-Fit

* Extracts pl/Mr information
from Melanie image




The ARRM-214

Features

* Fast
* No mistakes

* No contamination

« CCD camera system

* Precision X-y arm
* “Point and click” with data logging

- Delivers to microtitre plate

Features
‘Fast and error free
- Adapted to perform all steps

-Automatically delivers matrix
and peptide containing
supernatant to a MALDI-TOF
flat 100 sample stage




Proteins
Characterisation

Differential Display of Wheat




Sequential Extract of Wheat
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pH
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- seeing

Arraying complex mixtures

the low abundance proteins

Narrow range IPGs




Improved Solubility with Thiourea and
Sulfobetaine Surfactants

., )
4
'-,.:.'!.,
- ;' . s
Conventional - Urea,  Improved - Urea, Thiourea,
CHAPS, DTT CHAPS, SB 3-10, TBP

100ug loads of E. coli

Narrow Range IPGs Increase Resolution
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What do these places have in
common ?
o wivw.apbiotech.com
Committed to
a complete
line of y “,E“;M
proteomics "’é"s"’{%ﬁs Pl 168 el
pl‘ oducts Povar 3 'WQE ‘ SwanePrep IﬁrntanAnalysa-
ML@‘S 55 BiouRad -
_ %me}ﬁ;;“
m@mmw‘ﬁ'*' A L msum mﬂwﬁm
Traditional Proteomics
Protein Chemistry
« Handle proteins » Complex samples
one at a time arrayed

o Don’t purify one
protein, purify
them all




Proteomics

Putting it all together
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activity. Plant Mol. Biol. 30, §73-677. :

Reddy, P., Appels, R. 1992. Analysis of a genomic DNA segment earrying the wheat high molecular weight
(HMW) glutenin Bx17 subunit and its usc as a RFLP marker. Theor. Appl. Genet.

Repellin, A., Nair, RB,, Bagar, M., Chibbar, RN. 1997, lsolation of starch branching enzyme 1 cDNA from a whent
endosperm library. Plant gene register, accession # Y12320 (www.tarweed com/pgr/PGR 97-094 htrnl)

Rounsley, 5D, Gladek, A., Suiton, G,, Adamy, MD,, Somerville, CR., Venter, JC,, Kerlavage, AR, 1996, The
construction of Arabidopsis expressed sequence tags assemblics. Plant Physiol. 112, 1177 - 1183,

Saski, T., Song, 1., Koga-Ban, Y., Matsui, E., Fang, F., Higo, H., Nagasaki, H., Hori, M., Miya, M., Murayama-
Kayano, E., Takiguchi, T., Takasuga, A., Niki, T., Ishimaru, K., Tkeda, H., Yamamoto, Y., Mukai, Y., Ohta, L.,
Miyadera, M., Havukkala, L, Minobe, Y. 1994. Toward eataloguing all rice genes: large-scale sequencing of
randomly chosen rice cDMNAs from a callus ¢DNA library. The Flant I. 6, 615 - 624,

Schena, M., Shalon, D., Davis, RW,, Brown, PO. 1995, Quantitative monitoring of genc expression patterns with 4
complementary DINA microamray. Scienee, 270, 467 - 470.

Sheridan, WF., Clark, TK. 1993, Mutational analysis of morphogenesis of the maize embryo. The Plant I, 3, 347 -
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development: mojeculae characterization of a hexose and a suerose carrier in Faba bean seeds. ‘I'he Plant Cell
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Sequence database for wheat gsnes

Sequence catagory number sclected references
. ' sequenced
ITMI mapped cDINA'S 734 Laza, et al (1998)
cDINA’s from wheat endosperm library 300 Lazo and Anderson (unpub.)
(not normalized)
and tr 1t cDN ic elgnsas): .
protein disulfide isomerase . Napier et al (1994)
Shimoni et al (1994)
basic leucine zipper protein (bZIP) 5 Albani ct al (1997)
Tabata et al (1989, 1991)
Niu and Guiltinan, 1994)
Mikasmi et af (1994)
lumenal binding prot=in (BiP) Grimwade et al (1996)
heat shock proteins (HS18, HS70) 20 Blumenthal et 8] (1098)
Joshi and Nauyean (1994)
GAMyb (barley) Gubler et al (1995)
transcription factor TFIID Apsitetal (1993)
gtarch bijosynthetic/ds grading enzymes (cDN A and penomic clones):
sucrose synthase Marana et al (1928)
ADP-glucose pyrophosphorylase : Ofive et al {1989)
granule bound starch synthasc (GBSS) Ainsworth et al (1993)
Yan <t al (1998)
starch branching enzyme 1 ' Rahman et al (1997)
Repellin et al (1997)
starch branching enzyme I1 Nair &1 al (1997)
Rahman et a} (1998)
soluble starch synthase 1 Lictal (1998)
a-amylase Huttly et al 1938)
f-amylase Wagner et al (1996)
enes lin ness (Ha) ] As an 1t clones)y:
grain softhess protein Rahman et al (1994)
puroindolina and b Cautier ct al (1994}
In protein 5 an ic clones):
high molecular weight glutenin subunit proteins 42 Reddy and Appels (1992}
Shewry et al, {1994)
low molecular weight glutenin subunit proteins 15 Shewry ct al (1994)
Ciaffi ¢t al, 1998)
gliadins 46 Shewry et al (1994)
Anderson (1996)
SCIpin Rasmussen ot al {(1996)
agglutinin isolecting Smith and Raikhel (1989)
purathionin/thionin 4 Castagnaro et al (1994)
o-amylase inhibitor 4 Garcia-Marolo et al (1990)
B 1,3-glucanase 4 Fincher (1995)
CM-protein 3 Gauticr ct al (1990)
triticin Singh ct al (1993
73 globulin Litts et at (1991)
is esistan As an mic clones):
Cred locus on chromosome 2D Lagudah et al (1997)
Lr! locus on chromosome Feuillet ¢1 al (1995)
Lrl@ locus on chromosome 1A, Feuillet et al (1997)
resistance gene analogucs (RGAs) Splelmeyer et at (1998)
cold response proteins 10 Danyluk et al (1994}
Qullet et at {1998)
shromosomal proteins - histones I8 Tubata ct 2l (1987)
chloroplast/mitochapdrial proteing 10 www nebl.nlm.nih.gov/

“hougehold” protejpg/enzymes 120 www.nchinlm,nih.gov/
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| © Interpretation of data

| -micro-arrays toidentify genes expressed at critical stages |
oidevelopment,
E - mutatienal analyses to identify genes of interest. Uiilise ;
é syntelny amony yrass genomes, :
, j
i _ ] I {
; - Fanping/chremosome walking capabiiities, =
| -acleardefinition of the phenotypes that define yuality
{ - atiributes. - i
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| » BAC ciones are amajor tool for chtomeosome walking

-several regions of wheat chromosomes are of specific
interes in relation to gquality

P N L TR o e ki

-flistai region of chromosome 1 (gliadin, LMW glutenins)
- distal region of 5D thardness locus]
-short arm of chromosome 7 [starch biosynthetic enzymes)

BAC ciones (irom the D genome) are heiny characterised for
each of these regions. The levels of yenetic recombination
{  are suchthat significant genetic distances are covered by
{  clones 100kb in lenuth.
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@ Large-scale ssyuencing of expressed genes

Gther genes identified [alionments unambigious that are
of potential interest to tetermining wheat fiouy quality:

Proiein disulfide isomerase (4)

Peptidy! prelyl isomerase (3}
HSFPI0 (2)

Galnexin (11

e discovery in the area of__wheat.'guéil_iwf?

| © Large-scale sequencing of expressed genes

The grid of 25,600 clones is alse heing screened for
famiiies of penes that we predict will he important for
determining Wheat guality. For example;
nitrient teansSporiers
transcription factors :

These families of genes then go into the senuencing effoil
o contribute to the Hata hase.




© large-scale sequencing ef expressed genes

The fundamental outputs from the search are HSPS
(high scoring seument pairs)

The score is recorded in Evalues

[at kow value this approximates the probability of the
match having eccurred by chancel:

E=KNexpi-).8]
N = guery sequence length x data base sequence length

2. = reliability of alignment
s= numhber of matches

scovery in the are of wheat uaiy |

| ® large-scale sequencing of expressed genes

35% of sequences had matches with
probability scores <k - 10 (equivalent to P<10™)

10.5% unknown

% ribosomal proteins genes
6.7% seedstoraye protein genes (HMW glutenins, 0.9%,
LMW glutenins, 1.3%, gliadins 4.9%)
2.2% histones
2%  elongation facior proteins




| @ Estahlish cDNA and BAG libraries
@ large-scale sequencing of expresset yenes
'@ Bioinformatics (storage and analysis of data)

o Internretation of structural information

'_éhediscovery in the area of wheat quality':

© Estabiish cDNA and BRG libraries

A normalised cDNA library has been established for barley |
eniospernn development. The normalisation proceture 3
reduces the number of copies of any one gene inthe §
mixture and thus makes random senquencing more efficignt. %
i Anormalised wheat cDNA library Is being established and %
1 averygoed standard one is already availahie in 2 ”?'
| directional cloning vector Diho1/EcoR1). Several !
lidraries exist overseas as well. ¢

- RBx coverage of the D genome of wheat in BAG clones
(80-150 kb inser! lengths] hias heen proftuced
(0. Mouliet, GSIRG-PI
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d © Tiie structure of genes controlling preduct guality

& DNA sequences cnhtralling the expression of “quality”
genes

& Hniniellectual properly positish on genes determining
key features of the guality of Australian aurlcultural
preducts

Source ofpenes  §
? (cDNA and genomic §
| Kapping/chreimosome | libraries]

;

| walking capabilities / _ ,
; . Micro-arraysto |
-Gene discoveryin L LUVEH T
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%'- == expressedar |
i B clear definition o ©hiucalstages 6f |
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to identify uenes §
of interest :5
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Fig.1. Development of NILs by backcrossing. Schematic demonstration of the
introgression of a genomic segment from the donor into the recurrent parent.



GBSS gene microsatellite
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AIM OF MOLECULAR BREEDING:

“Traditional Breeding” - | “Molecular Breeding"
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breeding lines hreeding lines
Field 500 Year 1 500 Molecular
test marker tests
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Field increase 20 Year 3 Seed increase

Commercial launch
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TAGGING?

1. Complete mapping and linkage analysis

e Single genes, sometimes with candidate gene approach, and
sometimes with knowledge of position of gene.

+ QTL approach (quantitative trait locus)

Requires good map, and statistical approach to associating
trait and markers.

2. Bulked segregant analysis
e Single genes, or “strong” QTL(?).

« Best when using “multilocus” technique (RAPDs, AFLPs),
- unless there is some knowledge of the position of the gene.

R



CIMMY 1, INt.
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3 CTTARG AATT 5!
+ EcoR|
Mssal
Y
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o P TARs- .
EcoRl adapter Msol adapter
rimer+1
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C 50
Preselective primer+1
amplification with
EcoRl primer + A
Mssl primet + C
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Selactive
amplification with
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v
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Sequencing gel
— EccRl adapter sequance
1 Msal adaptar sequence

Fig. 3 The AFLP procedure using two primer pairs.

Genomic DNA is digested by restriction endonucleases EcoRl and Msel, ligated to
their respective edapters and selectively amplified using primers that contain the
sequences of the adapters and one to three arbitrary nucleotides as selective

sequences. Polymorphisms of these selectively amplified segments are resolved in a
sequencing gel.
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Triticeae, the wheat tribe

+x=7

= ca. 22,000 genes

= Congservation of DNA sequences within
genes

= Conservation of gene order

+ Several diplod species, each with 2 genome
symbol

Diploid wheat relatives
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Genome evolution in the S group

Formation of polyploids

+ AY polien met B ovule

+ Chromosome doubling required

¢ TA+TA->TI > meiosis OK

« JA + 7B - 14 I - meiosis fails > sterile
» “restifition”

» 14ABR meets 14AB --> 14 I --> meiosis QK
+ T. murgidum, 4 “segmental tetraploid™
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