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a cross-chromosomal
comparison in the
tammar wallaby
Anna MacDonald
Institute:for Applied Ecology

Testing models of
microsatellite mutation




Overview

e Allelic richness and microsatellite repeat length
e Allelic richness varies with chromosome

e Reconstruction experiments: testing ability to detect

mutations in sperm cells



Common assumptions about
microsatellite mutations

- mutation rate

single-step vs. multi-step

size homoplasy

constraints on allele size

directionality of mutations




Microsatellite variation may be affected by many factors:

Effective
population size
of chromosome

Mutation rate

Male-biased
mutation

Mating system,
migration etc.

Microsatellite

variation

Recombination
rate
(or lack of...)

Population
history

Mutational
mechanisms

Selection
(and
hitchhiking)




Most microsatellite mutations are thought to occur
during DNA replication

Polymerase misaligns due to repeats, creating a loop

Replication slippage

| GA | GA [GA | GA [GA [GA |GA |GA | GA | GA
n 8 9 10

A repeat is added (or lost) - a mutation!




Mutations may also occur during DNA
recombination?

Unequal crossing-over Gene conversion

Homologous chromosomes DNA is transferred from one
exchange sections of DNA chromosome to the other — no
exchange



Microsatellite variation in a model marsupial

Tammar wallaby
(Macropus eugenii)

e Kangaroo genome project

e DNA sequence from X and
Y chromosome BAC clones




Compare microsatellite variation on different
chromosomes

Eutherian
Y ETOUINELS

Pseudoautosomal
Regions:
some recombination
between X and Y

Marsupial
Mammals

No Pseudoautosomal
Regions:
Y does not recombine




Chromosome-specific microsatellites
developed from tammar wallaby

Karyotype: Amber Alsop/ ANU

9 Y chromosome
microsatellites

11 microsatellites
from chromosome 2

9 X chromosome
microsatellites

Y primers: MacDonald et al. (2006) Molecular Ecology Notes 6: 1202-1204
X and 2 primers: MacDonald et al. (2007) Molecular Ecology Notes (Online Early)



Microsatellite development

- from chromosome-specific BAC sequence
- di- and tri-nucleotide repeats
- repeats mostly AC or AT

- 25 consecutive repeat units




Microsatellite variation in tammar wallaby

Histmingange:

Garden Island
- isolated, inbred population

- samples collected from naval
base by Brian Chambers

Western

Austrz South - 78 males + 34 females
Australia

Kangaroo Island
- largest remnant population

- samples collected by Marilyn
Renfree’s group

- 97 males + 102 females




Microsatellite variation in tammar wallaby

Kangaroo Island

Garden Island

Chr 2 X Y| Chr 2 X Y

# loci 11 9 9 11 9 9

# polymorphic 38 7/ 4 8 5 4

# alleles 1-19 1-8 1-6 1-4 1-4 1-3

mean Hexp| 0.441 0.373 -1 0.093 0.175 -
mean allelic

richness *5.2 4.2 *2.4 2.0 1.9 1.5

*(P=0.03)




Allelic richness increases with repeat length (P<0.01)

R?=0.5313

"
0
@
c

<

L

x

p=

9

<

R? = 0.2366

15 20 25

Length of longest repeat (repeat units)




Allelic richness varies with chromosome

4 Chromosome 2

B X chromosome

AY chromosome

R?=0.8597

R°=0.7213
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Kangaroo Island: 2* > X > Y* (P=0.03)




Allelic richness varies with chromosome

¢ Chromosome 2

m X chromosome

AY chromosome

R? = 0.4373 R? = 0.1799
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Garden Island: 2 > X > Y




Reasons for reduced Y chromosome variation?

e Lack of recombination?

e May also result from:
- Lower effective population size

- Demographic factors

Need to observe mutations to understand
mutational mechanisms



Identifying mutations in wallaby sperm

Small-pool PCR from sperm DNA

1 haploid genome equivalent 3.5 pg

Reconstruction experiments

Test ability to detect mutant DNA at low
concentrations: ‘spike’ with different
allele

& 15000
10000
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PCR efficiency from low copy number DNA:

O Locus A
B Locus B
W Locus C
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Summary

e Allelic richness increases with length of longest repeat.

e Allelic richness is reduced on the Y chromosome.
Experimental testing is required to confirm the role of
recombination in generating mutations.

e EXperiments established to observe mutations
occurring in sperm cells.
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