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Molecular Genetics OverviewMolecular Genetics Overview

Clare JohnsonClare Johnson

Introduction  to:Introduction  to:

DNA structure DNA structure 

Sense directionSense direction

Sequencing and PCRSequencing and PCR

Restriction enzyme specificity / mappingRestriction enzyme specificity / mapping

Coding / expressionCoding / expression

Genome / ProteomeGenome / Proteome

Concepts of homology Concepts of homology -- linear, motif, structurallinear, motif, structural

Nucleic Acid BasesNucleic Acid Bases

4 bases 4 bases 

Adenine Adenine 

ThymineThymine

CytosineCytosine

GuanineGuanine

Plus deoxyribose Plus deoxyribose 

Deoxyadenosine 5’ phosphateDeoxyadenosine 5’ phosphate

DeoxythymidineDeoxythymidine 5’ phosphate5’ phosphate

Deoxycytidine 5’ phosphateDeoxycytidine 5’ phosphate

DeoxyguanidineDeoxyguanidine 5’ phosphate5’ phosphate

DeoxyribonucleotidesDeoxyribonucleotides

Common: Common: 
sugar phosphate backbonesugar phosphate backbone

Phosphodiester   Phosphodiester   
bonds link 5’       3’ bonds link 5’       3’ 

BaseBase--pairingpairing

A pairs with T A pairs with T 

by 2 H bondsby 2 H bonds

G pairs with CG pairs with C

by 3 H bondsby 3 H bonds
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Complementary strands Complementary strands 
and directionand direction

5’ 5’ AAGACTACGTCGGATAGATCCCA     AAGACTACGTCGGATAGATCCCA     3’3’

3’ 3’ TTCTGATGCAGCCTATCTAGGGT       TTCTGATGCAGCCTATCTAGGGT       5’5’

strands go in opposite directionsstrands go in opposite directions

one strand implies the otherone strand implies the other

AntisenseAntisense strandstrand

Sense strandSense strand

Strand extensionStrand extension

5’                                                              5’                                                              3’3’

AAGACTACGAAGACTACG

TTCTGATGCAGCCTATCTAGGGTCATTCATTCTGATGCAGCCTATCTAGGGTCATTCA
TCGGATAGATCCCAGTAAGTTCGGATAGATCCCAGTAAGT

3’                                                          3’                                                          CCAGTAAGT   5’CCAGTAAGT   5’

AAGACTACGTCGGATAGATCCCAGTAAGTAAGACTACGTCGGATAGATCCCAGTAAGT
5’5’ TTCTGATGC                                                      TTCTGATGC                                                      3’3’

PCR: geometric progressionPCR: geometric progression

AAGACTACGTCGGATAGATCCCAGTAAGTAAGACTACGTCGGATAGATCCCAGTAAGT

TTCTGATGCAGCCTATCTAGGGTCATTCATTCTGATGCAGCCTATCTAGGGTCATTCA

TTCTGATGCAGCCTATCTAGGGTCATTCATTCTGATGCAGCCTATCTAGGGTCATTCA

AFLPsAFLPs

Amplified  fragment length polymorphismsAmplified  fragment length polymorphisms

Fine resolutionFine resolution

Variations in                                               Variations in                                               
characteristic patterncharacteristic pattern

Indicates inserted or deleted sequence inIndicates inserted or deleted sequence in
gene from different strainsgene from different strains

AAGACTACGAAGACTACG
TTCTGATGCAGCCTATCTAGGGTCATTCATTCTGATGCAGCCTATCTAGGGTCATTCA

SequencingSequencing

5’                                                              5’                                                              3’3’

AAGACTACGAAGACTACG

TTCTGATGCAGCCTATCTAGGGTCATTCATTCTGATGCAGCCTATCTAGGGTCATTCA

TCGGATATCGGATAG*G*

AAGACTACGAAGACTACG
TTCTGATGCAGCCTATCTAGGGTCATTCATTCTGATGCAGCCTATCTAGGGTCATTCA

TCGGATAGATCCTCGGATAGATCCC*C*

Sequence dataSequence data

Run reactions for each base ( G,A,T,C )Run reactions for each base ( G,A,T,C )

Random terminations throughout Random terminations throughout 

Pool       total sequencePool       total sequence
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DNA motifs:DNA motifs:
Restriction enzyme specificityRestriction enzyme specificity

TACGTCTACGTCGGATCCGGATCCATCCCAGTATCCCAGT
mirror imagemirror image

ATGCAGATGCAGCCTAGGCCTAGGTAGGGTCATAGGGTCA

Restriction enzyme specificityRestriction enzyme specificity

TACGTCTACGTCGGATCCGGATCCATCCCAGTATCCCAGT

ATGCAGATGCAGCCTAGGCCTAGGTAGGGTCATAGGGTCA

TACGTCTACGTCG                  GATCCG                  GATCCATCCCAGTATCCCAGT

ATGCAGATGCAGCCTAG                  GCCTAG                  GTAGGGTCATAGGGTCA

BamHI

Complementary sticky ends

FlexibilityFlexibility

TACGTCTACGTCGGATCCGGATCCATCCCAGTATCCCAGT

ATGCAGATGCAGCCTAGGCCTAGGTAGGGTCATAGGGTCA

Bam HI

TACGTCTACGTCAGATCTAGATCTATCCCAGTATCCCAGT
ATGCAGATGCAGTCTAGATCTAGATAGGGTCATAGGGTCA

Bgl II

Restriction MappingRestriction Mapping

6 base palindromes occur rarely     (1 in 46 base palindromes occur rarely     (1 in 46 6 =4.1kb)=4.1kb)

8 base palindromes more rarely      (1 in 48 base palindromes more rarely      (1 in 488=65.6kb)=65.6kb)

Digests         characteristic pattern of fragmentsDigests         characteristic pattern of fragments

RFLPsRFLPs

Restriction fragment Restriction fragment 
length polymorphismslength polymorphisms

Variations in Variations in 
characteristic patterncharacteristic pattern

Indicates inserted or Indicates inserted or 
deleted sequence in deleted sequence in 
gene from different gene from different 
strainsstrains

Coding and expressionCoding and expression

AACAAATGGTCGGATATATCCCAGTAAGTAACAAATGGTCGGATATATCCCAGTAAGT

TTGTTTACCAGCCTATATAGGGTCATTCATTGTTTACCAGCCTATATAGGGTCATTCA

AACAAAACAAATGATG.GTC.GGA.TAT.ATC.CCA.GTA.AGT.GTC.GGA.TAT.ATC.CCA.GTA.AGT
Met   Val    Gly     Tyr   Ile     Pro     Val   SerMet   Val    Gly     Tyr   Ile     Pro     Val   Ser

Total  20 common amino acids plus STOPTotal  20 common amino acids plus STOP
from   64 possible codons      from   64 possible codons      
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Genetic codeGenetic code

First Position
(5’end)

Second Position 3rd Position
(3’ end)

U (T) C A G

U (T) Phe
Phe
Leu
Leu

Ser
Ser
Ser
Ser

Tyr
Tyr
STOP
STOP

Cys
Cys
STOP
Trp

U (T)
C
A
G

C Leu
Leu
Leu
Leu

Pro
Pro
Pro
Pro

His
His
Gln
Gln

Arg
Arg
Arg
Arg

U (T)
C
A
G

A I le
I le
I le
Met

Thr
Thr
Thr
Thr

Asn
Asn
Lys
Lys

Ser
Ser
Arg
Arg

U (T)
C
A
G

G Val
Val
Val
Val

Ala
Ala
Ala
Ala

Asp
Asp
Glu
Glu

Gly
Gly
Gly
Gly

U (T)
C
A
G

Amino AcidsAmino Acids

Amino Acid to ProteinAmino Acid to Protein

Coding direction is N       CCoding direction is N       C

Genome / ProteomeGenome / Proteome

Different genes expressed in different Different genes expressed in different 

tissuestissues

developmental stagesdevelopmental stages

metabolic statesmetabolic states

Concepts of homologyConcepts of homology

Similarity may beSimilarity may be

global ( linear, whole cDNA )global ( linear, whole cDNA )

local (local ( funtionalfuntional motifs within cDNA )motifs within cDNA )

Protein aProtein a

Protein cProtein c

Protein bProtein b

Protein dProtein d

Concepts of homologyConcepts of homology

Similarity may beSimilarity may be

structural (including active triad sites) structural (including active triad sites) 

-- far fewer structures than sequencesfar fewer structures than sequences
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