Genome Evolution by
Repeat Duplication




Are base substitutions the leading small
scale evolutionary process?

ACTGGGTAACGCGGCATGCTTAAATAGGGAAAACCTCGG

ACTGCGTAACG-GGCATACTTAAATAGGGAAATCCTCGG




Microsatellites abundant in higher eukaryotes
and

explain a large fraction of small gaps
Sinha, S. & Siggia, E. D. Mol. Biol. Evol. (2005)

AGTGCGIAGIACGTITGCIA-~--GTAGTAATA--~-AACCTCGG

ACTGGTA---GTAGTAGTAGGAGTAATAGTAAACCTCGG




Evolution by replication slippage

DNA synthesis Polymerase pausing Polymerase 3' end realignment
at a secondary structure dissociation and and polymerase
formed on the lagging strand 3' end unpairing loading

Viguera, E., Canceill, D. & Ehrlich, S.D. The EMBO Journal (2001)




replication slippage rates >> base substitution rates >> background indel rates

local accumulation of gaps; polymorphic




Why were microsatellites studies!?

® used as genetic markers

® regulation of gene activity
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Why do we study microsatellites!?
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A minimal model for repeat




A composite object:
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Doublets are the dynamical units.

Doublets of Hamming distance i=0,1,2,... falls into

error class i1=0,1,2,...
with occupation number no=2, n;=3, n>=1, ...

Composition distribution P(ng, n;)?



Elementary processes for microsatellite
evolution:

initiation of novel microsatellites at rate ¥;

CGCTCTTATAAGTCAA = CGCTCTTATTAGTCAA
I

forward slippage at rate vy,
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repeat statistics

and rate inference




Microsatellites in D. melanogaster:

®identify mlcrosatellltes for distinct classes of genomlc
e t lnel‘ -go N, G. N




How does the composition distribution look like?

analytical expression for the stationary configuration
probability distribution:

Grun, D., Rajewsky, N. & Lassig, M. (2007), in prep.
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Life cycle of a microsatellite:



Inferred evolutionary rates for trinucleotide
repeats in D. melanogaster:

e Slippage rates: y,/u=4.6£1.2 y_-/u=27«1.2

e |nitiation rate: yi/u=0.1+0.01




Microsatellites are rare events and
only survive due to
random fluctuations
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Composition has predictive power for
microsatellite age

...average age: 3 Myrs
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Sequence turnover by repeat duplication in
D. melanogaster

test model predictions by cross species comparison
between D. melanogaster and D. simulans (2 Myrs)
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ancestor

maintain intained
in D. si D. mel.




Contributions to sequence turnover:

Sequence emergence rate:
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Relative sequence turnover for trinucleotide repeats

CRY

repeat motif length




Conclusions and future work

® microsatellites are genomic fluctuations
® composition allows prediction of age

® in D. melanogaster, microsatellites
are rare

mutate fast
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