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From genome sequences to human history

[Sequence data from Complete Genomics]
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How are sequences related!?

Ancestral recombinations change trees along the sequences
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Problem: Estimate trees only from observed mutations
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Previous work: PSMC
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Multiple sequentially Markovian
Coalescent (MSMC)
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Effect of recombination on
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[Sequentially Markovian Coalescent, McVean and Cardin, 2005]



MSMC: state transitions

(s,k,]) => (t,i,))
where t<s U —>
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MSMC: mutation probability

Total Branchlength T

First Coalescence { —————p
No mutation 1 -ul A A A A
Singleton within pair wt A C A A
Singleton outside pair U A A A T
Double mutation 0 A T A T
Higher Frequency U A T T A
Missing Data 1 A A - -




Local Inference of first coalescence time

2 haplotypes,
similar to PSMC

[Li and Durbin, 201 | ]
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Test with simulations

Example: Exponentially growing and shrinking population size
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Test with simulations

Example: Exponentially growing and shrinking population size

— Simulation
- 2 hapl.
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time [years ago]

2 haplotypes: 40kya-3Mya <-——-———————-—
-—yy 4 haplotypes: 8kya-300kya



Test with simulations

Example: Exponentially growing and shrinking population size

— Simulation
- 2 hapl.
— 4 hapl.
- 8 hapl.

effective population size

time [years ago]

2 haplotypes: 40kya-3Mya <-——-———————-—
+-— 4 haplotypes: 8kya-300kya
€t*-————=3 8 haplotypes: 2kya-80kya
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Inferring historical Population Sizes

real time scaling using
mutation rate per generation
u=1.25%10-%and a generation
time of 30 years
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Inferring historical Population Sizes
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Inferring historical Population Sizes
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Inferring historical Population Sizes

Effective population size
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Inferring historical Population Sizes
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Population size inference from 8 haplotypes



effective population size

Population size inference from 8 haplotypes
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effective population size

Population size inference from 8 haplotypes
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effective population size

Population size inference from 8 haplotypes

—= CEU (N. Europe) GIH (N. India)

8 : = TSI (ltaly) — YRI (Nigeria)
10 _E ........ ............................... . —CHB (Chma) ....... - MKK (Kenya) ...... .

] | — JPT (Japan) LWK (Kenya)

time'\years ago]

CEU: Constant

population size until

Bantu Expansion 2kya, then expansion

within Africa?

Continuous

expansion in Chinese

ancestors

Structure and admixture
in Southern Europe [see
Botigue et al., 201 3]



Divergence between populations

* |dea: Infer separate coalescence rates within and between populations:

First Coalescence First Coalescence First Coalescence
within Population | within Population 2 across both
populations

e MSMC can infer separate coalescence rates within populations,

* Given rates within populations, A11(7) and A22(?), and across populations, A12(7),
compute relative gene flow as ratio

Ai2(7)
[A1(H)+ h2(8)] / 2

m(t) =



gene flow

Testing gene flow inference with
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African Population separations



relative gene flow

African Population separations
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relative gene flow

African Population separations
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relative gene flow

African Population separations
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relative gene flow

African Population separations
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Non-African Population Separations



Non-African Population Separations
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Non-African Population Separations
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Non-African Population Separations
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Non-African Population Separations
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Implications of higher human
mutation rate

mutation rate per generation
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MSMC Summary on separation history
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Transition probability

q(i, j, t|k,1,5) =0 —5)0;x0;,q1(8) + q2(t | 5)

_— ]

Probability to remain in state (i,j,t)  Probability to change time (and pair) of
first coalescence

11
g)=e™"+(1-eM) - f(1+(M 3)exp( Mf}l(v)dv))du

t M
g2(t | 5) = (1 —e-Mrs)l : 2 A(t) <( j;exP(—le f/\(v)dv)du‘ | if t<s
* M \ exP(_( 2 )fl(v)d")fexP(‘MfA(V)dV)du if >s.
depends on:

e coalescence rates A(t)
* recombination rate r
* Number of sequences M



