


Figure 2: The length distribution of the internal branches tab (coloured in green in Figure 1) and tac that
specify genealogies that are incongruent with the order of population divergence and the shorter external
branch ta (coloured in red in Figure 1) under A) the admixture (IUA) model or B) a model of ancestral
structure (AS) (Figure 1). Branch length distributions for genealogies with topologies tab (the frequency of
which is increased by admixture or population structure) are shown as solid lines, those for the alternative
incongruent topology tac as dashed lines. A) is based on the parameters of (Durand et al., 2011) with high
admixture (f = 0.2); the parameters in B) are chosen to give the same expected D value.
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Figure 3: A) The expected difference in support (E[∆lnL]) between the IUA model and the AS model (bold)
and between the IUA and a null model of strict divergence (dashed), when IUA is true plotted against the
admixture fraction f . B) shows analogous results for E[∆lnL] against barrier strength (1/M ) when the AS
model is true. Plots are based on analytic results for the likelihood and assuming 10,000 sequence blocks,
θ = 3 and the time parameters of Durand et al. (2011) (Table 6).
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Tables488

Table 1: Support ∆lnL relative to the best fitting model (IUA2) for alternative models of history.
Dataset IUA2 (5) IUA **(4) AS (4) Null* (3)
CEU, 2kb 0 0.142 9.13 9.13
CHB, 2kb 0 0.249 6.49 9.45
CEU, 4kb 0 6.67 15.3 33.7
CHB, 4kb 0 5.17 16.8 33.1
CEU, 8kb 0 28.0 34.3 82.4
CHB, 8kb 0 27.9 37.8 87.0

Strict divergence (Null), divergence with admixture (IUA) or ancestral population structure (AS). The IUA2

model allows for two different ancestral Ne.

Table 2: Maximum likelihood estimates of parameters under the divergence with admixture (IUA) model.

dataset θ T1 T2 Tgf f

CEU, 2kb 0.42 0.379 0.967 0.12 0.053, (0.034–0.073)
7,012, (6,950–7,190) 133, (124–141) 339, (329–349) 55.1, (0–T1)

CHB, 2kb 0.42 0.376 0.968 0.16 0.059, (0.039–0.079)
7,000, (6,950–7,190) 132, (123–140) 339, (329–349) 75.8, (0–T1)

10,000 n/a 270–440KY n/a 0.01–0.06*

Time parameters are scaled in 2Ne generations and measured from the present. The second row (in bold)
gives absolute parameter values, i.e. effective population sizes in individuals and divergence in KY. 95%
confidence intervals (in brackets) were calculated assuming that LD between blocks > 100kb apart can be
ignored. Estimates obtained by Green et al. (2010) and Durand et al. (2011) for comparison.
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Appendix489

Using recursion eq. 2 we can write down the GF equations for the continuous analog of the IUA model490

where the times between population divergence and admixture events (i.e. Tgf , τ1 and τ2, figure 1A) are491

exponentially distributed. The terms for the four sample states that arise as a result of the admixture event:492

ψ[∗a/b/c] =
Λgf

(Λgf + ωa + ωb + ωc)
(fψ[a, b/∅/c] + (1− f)ψ[a/b/c])

ψ[a, b/∅/c] =
1

(1 + Λ1 + ωa + ωb + ωc)
(ψ[{a, b}/∅/c] + Λ1ψ[a, b/c])

ψ[{a, b}/∅/c] =
Λ1ψ[{a, b}/c]
Λ1 + ωab + ωc

ψ[{a, b}/c] =
Λ2

Λ2 + ωab + ωc

(
1

1 + ωa + ωab

)

The remaining states and their GF terms are identical to those in the divergence model without admixture493

(see eq. 1 Lohse et al., 2012, Appendix, with β = 1):494

ψ[a/b/c] =
1

Λ1 + ωa + ωb + ωc
Λ1ψ[a/b, c]

ψ[a/b, c] =
1

1 + Λ2 + ωa + ωb + ωc
(Λ2ψ[a, b, c] + ψ[a/{b, c}])

ψ[a/{b, c}] =
Λ2

(Λ2 + ωa + ωbc) (1 + ωa + ωbc)

ψ[a, b, c] =
1

3 + ωa + ωb + ωc

(
1

1 + ωa + ωab
+

1

1 + ωb + ωac
+

1

1 + ωc + ωbc

)

Using Mathematica, this set of equations is easily solved. Although the expression is cumbersome (see495

Supporting.nb), decomposing it into the contributions from the three different topologies (Lohse et al., 2011)496

yields relatively compact formulae:497
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P [ω2, ω3, Gbc] =
e−(τ1+Tgf )ω3(e−ω2τ2(f − 1)(3 + ω3) + e−τ1−(1+ω3)τ2(eτ1(f − 1)(2 + ω2) + f(1− ω2 + ω3)

(1 + ω2)(3 + ω3)(1− ω2 + ω3)

P [ω2, ω3, Gab] =
e−Tgfω3(e−ω2(τ1+τ2)f(3 + ω3) + e−(1+ω3)(τ1+τ2)(−f(2 + ω2)− eτ1(f − 1)(1− ω2 + ω3)

(1 + ω2)(3 + ω3)(1− ω2 + ω3)

P [ω2, ω3, Gac] =
e−τ1(1+ω3)−τ2−ω3(τ2+Tgf )(−eτ1(f − 1) + f)

(1 + ω2)(3 + ω3)

(8)

498

The above uses the fact that the GF for each topology only depends on the intervals between the two499

coalescence events with corresponding dummy variables ω3 and ω2. Note also that τ1 and τ2 are the times500

between admixture and divergence events (Figure 1A). The corresponding times from the present are: T1 =501

Tgf + τ1 and T2 = Tgf + τ1 + τ2.502

Without admixture (i. e. f → 0 and Tgf → 0) eq. 8 above reduces to eqs. 3 and 4 in Lohse et al. (2012).503

For simplicity, the model described above assumes that both ancestral populations are of the same size. To504

relax this assumption we define a rate α of pairwise coalescence in the population ancestral to A and B (the505

IUA2 model, see Supporting.nb) giving:506

ψ[a/b, c] =
1

α+ Λ2 + ωa + ωb + ωc
(Λ2ψ[a, b, c] + αψ[a/{b, c}]) (9)

Using eq. 2, the GF for a model of ancestral structure (AS) can be derived analogously (see Support-507

ing.nb).508
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