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Speciation

• Species barriers have no effect within P1 and P2,
• but reduce gene flow between P1 and P2
• P1 and P2 are different at d genomic positions
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Reproductive isolation
(Alexis Simon thesis; Montpellier + Cambridge)
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From one to two species

  

Ancestral
population

Species 1

Species 2

Same species
Semi-isolated species
Two species

  

M M M M

Same species
= genomic homogeneity in 
introgression rates

genome

genome

I When can we detect the effects of the first barriers on gene
flow?

I Is there a threshold of divergence above which gene flow is
impossible?
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From one to two species

  

Ancestral
population

Species 1

Species 2

Same species
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How fast?

  

Semi-isolated species
= genomic heterogeneity in 
introgression rates

genome

genome

I When can we detect the effects of the first barriers on gene
flow?
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4/21



Introduction Results Summary

From one to two species

  

Ancestral
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Species 1

Species 2

Same species
Semi-isolated species
Two species
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Species = no introgression

genome

genome

I When can we detect the effects of the first barriers on gene
flow?

I Is there a threshold of divergence above which gene flow is
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Questions:

Ancestral
population

Population 1

Population 2

I Comparing alternative scenarios for 61 pairs of
species along a continuum of d (ABC)
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Multiple verbal models to explain observed patterns
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Testing for introgression between species using ABC
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• Summaryzing the observed data by N statistics (here N = 2)
• Random simulations under the model IM
• Random simulations under the model SI
• Comparisons between observation and simulations
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simulations under model 1
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Testing for introgression between species using ABC
simulations under model 2
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Questions:

Ancestral
population

Population 1

Population 2

  

PAN SI AM SC IM
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Studied datasets
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Explored range of divergence

• Range of d: 5.10−5 − 0.31
• Range of FST : 0− 0.95
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General relation between d and Pongoing migration
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Within the same genus: Heliconius

• Sympatric and allopatric hybridising pairs
• Continuum of divergence
• Which pairs among 28 experiment ongoing
introgression?

• How species barriers are distributed along genomes?
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Explored range of divergence in Heliconius

I Range of d: 0.07%− 1.5%
I Range of FST : 1.8%− 25%
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Tests for ongoing migration (ABC)
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• 5 pairs supported by models with ongoing migration
• 7 pairs supported by models with current isolation
• 16 pairs not supported by any models
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Results of model comparisons over 28 pairs

@SimonMartin

I Support for ongoing introgression for:
• 3 pairs of populations over 4
• 2 pairs of sympatric species over 4
• 0 pair of allopatric species over 20

I Are there any species barriers?
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Locus specific model comparison
I Estimating parameters

shared by all loci
• Time of split
• Ne (β distributed across the

genome)
I Simulating individual loci

using the estimated model
• with N.m = 0 model M0
• with N.m > 0 model M1

I ABC model comparisons:
• 16,626 10kb windows

(autosomes)
• 7,727 coding genes
• 1,032 10 kb windows

(Z-chromosome)
• 397 coding genes

16/21



Introduction Results Summary

Locus specific model comparison
I Estimating parameters

shared by all loci
• Time of split
• Ne (β distributed across the

genome)
I Simulating individual loci

using the estimated model
• with N.m = 0 model M0
• with N.m > 0 model M1

I ABC model comparisons:
• 16,626 10kb windows

(autosomes)
• 7,727 coding genes
• 1,032 10 kb windows

(Z-chromosome)
• 397 coding genes

16/21



Introduction Results Summary

Locus specific model comparison
I Estimating parameters

shared by all loci
• Time of split
• Ne (β distributed across the

genome)
I Simulating individual loci

using the estimated model
• with N.m = 0 model M0
• with N.m > 0 model M1

I ABC model comparisons:
• 16,626 10kb windows

(autosomes)
• 7,727 coding genes
• 1,032 10 kb windows

(Z-chromosome)
• 397 coding genes

16/21



Introduction Results Summary

Locus specific model comparison
I Estimating parameters

shared by all loci
• Time of split
• Ne (β distributed across the

genome)
I Simulating individual loci

using the estimated model
• with N.m = 0 model M0
• with N.m > 0 model M1

I ABC model comparisons:
• 16,626 10kb windows

(autosomes)
• 7,727 coding genes
• 1,032 10 kb windows

(Z-chromosome)
• 397 coding genes

16/21



Introduction Results Summary

How the loci with a reduced me are distributed?

I Increased recombination rates maintain me close to m
I Increased selection density reduces me
I Subdivision of the genome in 9 bins of equal size:

• low/intermediate/high recombination rates
• low/intermediate/high selection density
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I Coding density: percentage of 1st and 2nd coding positions
in a genomic window around the midpoint (10kb)

I Recombination rates: four-gamete test (FGT) on unphased
genomic data
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Genomic distribution of introgression events

I Species barriers represent a
low fraction of the genome
• ≈ 0.86% of the autosomal

genome
I Species barriers are

concentrated in:
• coding genes of the Z

chromosome
• lower recombining regions

19/21



Introduction Results Summary

Genomic distribution of introgression events

I Species barriers represent a
low fraction of the genome
• ≈ 0.86% of the autosomal

genome
I Species barriers are

concentrated in:
• coding genes of the Z

chromosome
• lower recombining regions

19/21



Introduction Results Summary

Genomic distribution of introgression events

I Species barriers represent a
low fraction of the genome
• ≈ 0.86% of the autosomal

genome
I Species barriers are

concentrated in:
• coding genes of the Z

chromosome
• lower recombining regions

19/21



Introduction Results Summary

Take home messages

I First barriers are detected for d ≈ 0.075%

I No gene flow detected for d > 2%

I In Heliconius : ≈ 6 times more loci inferred as being
isolated in Low Recombination regions than in High
Recombination

I In Heliconius : Z-chromosome is more associated to
species barriers than autosomes
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