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Molecular population genetics 

v advent of molecular methods provided 
direct measures of genetic variation…  

v but also resulted in a paradoxical 
disconnect between genotype and 
phenotype… 

v a connection that is is only now being re-
established 

Genetic variation 

v “classical hypothesis” 
² genetic variation limited and comprised 

primarily of harmful mutations 
v “balance hypothesis” 

² abundant genetic variation is maintained by 
some form of balancing selection 

² e.g., heterozygote advantage or frequency 
dependent selection 

v the two hypotheses “sat across the table 
glowering at each other through most of 
the 1950’s and 1960’s” 
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Mutation: ultimate source of variation 

v point mutations generate new alleles (or 
“haplotypes”) 

v also insertions, deletions, inversions, 
duplications (and recombination) 

A 

G 

C 

T 

transitions 
transversions 

Allozymes 

v early allozyme studies based on protein 
electrophoresis revealed unexpectedly 
high levels of genetic variation 
² despite being an exceptionally “dull tool” for 

assaying genetic variation 
² also a biased sample of genes and the 

genome 

v presented a serious challenge to the 
classical hypothesis and helped 
stimulate work on neutral theory 
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Measuring genetic variation 

v Allozymes - protein electrophoresis 
v RFLPs - restriction fragment length polymorphisms 
v mini-satellites (VNTRs), microsatellites (SSRs) 

²  often used for paternity analysis 
v DNA sequences 
v SSCP - single-stranded conformational 

polymorphism  
v RAPDs -randomly amplified polymorphic DNA 
v AFLPs - amplified fragment length polymorphisms 
v **SNPs** - single nucleotide polymorphisms 

Restriction enzymes 
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Minisatellite DNA = 
“multi-locus DNA 
fingerprinting” 

²  restriction digested 
genomic DNA 
hybridized to a radio-
labeled probe  

² probe matches highly 
repeated junk DNA 
sequence that occurs 
throughout the genome 

²  e.g., Jeffries probes 
33.15 and 33.6 

² why not significant in 
population genetics? 

The Polymerase Chain Reaction (PCR) 
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Microsatellites = 
simple sequence 
repeats (SSR) 

Microsatellites 
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Microsatellites 

v Issues in µ-sat data collection  
² null alleles - fail to amplify 
² hidden alleles - differ in sequence but not 

length 
v Issues in µ-sat analysis 

² mutation model - stepwise or not? 
² substantial length “homoplasy” 

AFLPs 

v amplified fragment length polymorphism 
v advantages: 

² fast survey of large number of loci 
² applicable to any organism 

v disadvantages 
² generally anonymous loci 
² repeatability across samples? 
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AFLPs 
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“Sanger” (chain termination) sequencing with 
fluorescent dye terminators 

      5'   Primer         3'
      GCAGGCTAATGGACATCACGGGTCAGATCCGATATTTCGGGACATT
      ||||||||||||||||||||||||||||||||||||||||||||||
      CGTCCGATTACCTGTAGTGCCCAGTCTAGGCTATAAAGCCCTGTAACTA......
      3'                                                   5'
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GCAGGCTAATGGACATCACGGGTCAGATCCGATATTTCGGGACATTG
GCAGGCTAATGGACATCACGGGTCAGATCCGATATTTCGGGACATT
GCAGGCTAATGGACATCACGGGTCAGATCCGATATTTCGGGACAT
GCAGGCTAATGGACATCACGGGTCAGATCCGATATTTCGGGACA
.
.
.
GCAGGCTAATGGACATCACGGGTCAGAT
GCAGGCTAATGGACATCACGGGTCAGA
GCAGGCTAATGGACATCACGGGTCAG
GCAGGCTAATGGACATCACGGGTCA
GCAGGCTAATGGACATCACGGGTC
GCAGGCTAATGGACATCACGGGT
GCAGGCTAATGGACATCACGGG

.

.

.
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v DNA sequencing 
revealed 
surprisingly high 
levels of neutral 
genetic variation 


