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e Effective reduction in gene flow

» At closely linked neutral sites (e.g. Petry 1983)
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e Heterogeneity in divergence along the genome

» Parapatric European rabbit species (Carneiro et al. 2009)
» M. musculus hybrid zone in Europe (Geraldes et al. 2011)



Mimulus guttatus and a selfing sister species

M. guttatus: outcrossing M. nasutus: selfing
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Effective population size (x 104)

M. nasutus: Transition to selfing and decline in NV,

PSMC view of divergence
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Effective population size (x 104)

Gene flow from M. nasutus into M. guttatus

PSMC view of divergence
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M. guttatus: Selection against introgression?
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Sympatry: g negatively correlated with recombination
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Questions

e How strong is selection?
e When did it start?

e What is the level of neutral gene flow?



A definition

MSP = “migration—selection polymorphism”

A locus at which allele frequencies have reached the
migration—selection equilibrium



Approach

Effective migration rate

e Petry (1983): one migration—selection polymorphism (MSP)

s\ —1
mezm(l—l——)
”

0.010:
0.008
» 0.006
€ 0.004
0.002

0.000
0.0 0.1 0.2 0.3 0.4 05

r




Approach

Structured coalescent

e Continent—island model of migration

1
E[TB] — QNC—I— —
m

e Replace m by m. = f(m, s,r,1)



time into the past

lllustration: One MSP of finite age 7
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time into the past

lllustration: One MSP of finite age 7
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Trajectory of a tightly linked pair of neutral lineages
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Expected coalescence time 1
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Expectation over the genomic context
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Expectation over the genomic context

PDF of distance between neutral
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Expectation over the genomic context
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Analytical approximation for one MSP of finite age

Suggestive of a compound parameter selection density:

o := sv [selection / base pair].



Selection against introgession into M. guttatus

Nyas = 1.7 x 10° (Brandvain et al. 2014), v = 1.5 x 10~® (Koch et al. 2001)
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Serpentine outcrops in California
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Two on/off-serpentine population pairs
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. MclLaughlin Reserve,
. Soda Canyon, Napa, off serpentine

@ Red Hills Area,
. Tulloch Reservoir, off serpentine

From Harrison et al. (2004) Int. Geol. Rev., modified



Significantly negative correlation between diversity
and recombination in the Coast Range

Sierra Nevada
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Selection against substantial gene flow

NRgEM ~ 2.3 X 10%; Noop &~ 2.0 x 10%; Nor.p =~ 2.2 x 10%; Npyr ~ 2.4 x 10%; 4 ~ 4.1 x 107°

Coast Range
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Selection against substantial gene flow
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Support for a compound parameter
“selection density” o = sv

For the Coast Range population pair:
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Selection density and migration are separable

For the Coast Range population pair:

-SDD

REM_SOD
I -
-5 ¥ B L -0.35 >
6 B - -0.40 6
— N
7 u o 7
% 7 - -0.45 —
> o
(@) -
S -8 - - -0.50 = 8
9 - $~216x10° | | 055 -9
(-SSD)max ~-0.338
I I I I
-6 -5 -4 -3 -6 -5 -4 -3

log1o(m) log1o(m)



Conclusion

e Genome-wide aggregate approach to quantify selection
against maladaptive gene flow



Conclusion

e Genome-wide aggregate approach to quantify selection
against maladaptive gene flow

e Compound parameter o = sv: the density of selection
against gene flow per base pair



Conclusion

e Genome-wide aggregate approach to quantify selection
against maladaptive gene flow

e Compound parameter o = sv: the density of selection
against gene flow per base pair

e Application to Mimulus guttatus:
» Strong selection against deleterious introgression from
selfing sister species M. nasutus

» Adaptation to serpentine despite strong gene flow from
off-serpentine population(s)
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