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What determines genome-wide variations
of GC content in eukaryotes ?
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Variations in GC3 content along chromosomes I, II and III in Saccharomyces cerevisiae
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Variations in GC content along the MHC region of chromosome 6 in H. sapiens



What determines genome-wide variations
of GC content in eukaryotes ?
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A strong correlation exists in many organisms between meiotic DSB density and GC content.



Mechanisms of GC-biased gene conversion
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Candida phylogeny: presence of asexual species
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Chromosomal GC3s profiles in Candida albicans and C. dubliniensis
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Substitution patterns in Candida
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Substitution patterns at third codon positions in the lineages of Candida albicans and Candida
dubliniensis, using parsimony and Candida tropicalis as outgroup, reveal a strong anticorrelation
between the transition rates u(A.T > G:C) and u(G:C > A:T) calculated on 1424 nonoverlapping
10-kb windows.
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Two models

GC-biased gene conversion associated with mitotic recombination is responsible for variations
in GC3 content: the higher the local recombination rate, the higher the GC content.

Replication errors are responsible for variations in GC3 content: the higher the concentration
of dCTP and dGTP at the time when a sequence is replicated, the higher the GC content.




Candida albicans parasexual cycle
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Candida albicans parasexual cycle
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The recombination model

Model developed by (Duret and Arndt, 2008):

u(A:T — G:C)=2N(1 - f/)P(Om(A:T — G:C)+ 2N fP(sym(A:T — G:C)
u(G:C — A:T)=2N(1 - f/)P(O)m(G:C — A:T) + 2N fP(—s)m(G:C — A:T)

u(A:T > G:C) = the substitution rate corresponding to the transitions from A:T to G:C

Constants:

m(A:T > G:C) = the mutation rate corresponding to the transitions from A:T to G:C

f= fraction of recombination hotspots in the genome

N = effective population size

P(s) = the probability that a mutation subject to GC-biased gene conversion of strength s will be fixed

4N s
1 — 6—4Ns

4N s
1 — €4NS

uw(A:T — G:C)= (1 — fym(A:T — G:C) + fm(A:T — G:C)

u(G:C — A:T)~ (1 — f)m(G:C — A:T) — fm(G:C — A:T)




The recombination model

C. albicans C. dubliniensis
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If the recombination model is correct, then the GC3 content depends on the mitotic recombination rate
and reveals several features of mitotic recombination in Candida that differ from the usual
characteristics of meiotic recombination:

1. The rate of mitotic recombination is not higher in smaller chromosomes

2. Mitotic recombination is not suppressed near centromeres

3. Mitotic recombination sites are not preferentially located in intergenes




The replication model

[EeD,]|+dNTP = [EeD,].dNTP —> [E e D,,.1] + PP,

F(trep) = Ng+Ng=1- (NA + NT)

First model:

U(AT — GC) ~ TSF(trep)
w(G:C — A:T) = rg[l — T(trep)]

[ u(G:C — A:T) = rg —u(A:T — G:C) ]

Second model:
F(trep)
1 — F(tmp)

u(G:C' — A:T) = 2puen £
Ttrey)

[U(A:T - GO)~ u(CJ(ZCZ;nj)AT)]

u(A:T — G:C) = 2ppen




The replication model

C. albicans C. dubliniensis
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The replication model

B U(AT — GC) - rsr(t’r’ep)
T w(A:T — G:C) + u(G:C — AT) 75T (trep) +75[1 — T(trep)]

R, = T(trep)

Temporal variations of I'(t,.,) translate into spatial variations of substitution rates, and, reciprocally, the
variations of I'(t,.) can be inferred from the analysis of local substitution rates, knowing the current
program of DNA replication.
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Conclusions

v" Two mutually non-exclusive models can be proposed to account for the variations of GC content in
asexual organisms and in particular in Candida species.

v" The validity of these models could be tested by the determination of either mitotic recombination
rates or the proportions of dCTPs and dGTPs during the S phase.

v The models could also apply to sexual organisms along with GC-biased gene conversion linked to
meiotic recombination.




