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Figure S1: YRI: failed run. In this run the discriminator failed to learn and ended up predicting the
same class for all regions (all real, so the real accuracy is 100% and the fake accuracy is 0%). This confuses
the generator too, since regardless of the actual parameters, the generated data is classified as real. As
a results, the inference becomes a random walk through the parameter space and the resulting summary
statistics are far from the real data. Top: generator and discriminator losses across the training iterations
(first panel), along with fake and real accuracy as output by the discriminator (second panel). Bottom:
summary statistics under the resulting parameter inference, which are very far from the real data.



IM model on simulated training data (with inferred mutation)
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Figure S2: IM model statistics on simulated training data (with mutation). Summary statistics for
data simulated under our inferred parameters (“simulated data”), compared with data simulated under the
true parameters (“training data”). Subfigures on the left correspond to statistics from the first population,
and those on the right correspond to the second population. In the bottom panel we show F'g; between the
two populations. In this analysis we also infer the mutation rate (mut), along with the original six IM model
parameters (see table above). Our results are close to the true parameters, except in the case of migration
rate (mig) and Ny — these discrepancies are reflected in the summary statistics for the second population.



1-param demography (accuracy=0.52)
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5-param demography (accuracy=0.53)
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Figure S3: CEU: one-population model. Summary statistic comparison between CEU data from the
1000 Genomes project and simulated data under the inferred parameters from the two scenarios in the main
text (see Figure 7). Left: simulated data under a constant population size with HapMap recombination rates.
Simulated accuracy: 0.4, overall accuracy: 0.52. Right: Optimal model with sum permutation-invariant
function, 5-parameter model, and HapMap recombination rates. Simulated accuracy: 0.6, overall accuracy:

0.53.



peg-gan: YRI/CHB split (accuracy=0.63)
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Figure S4: YRI/CHB: two-population model (pg-gan). Summary statistic comparison between real
1000 Genomes data and data simulated under the inferred parameters from pg-gan (see Table 3 for parameter
values and Figure 3C for the OOA2 model). Left: statistics computed on YRI samples only. Right: statistics
computed on CHB samples only. Note that we have non-segregating sites when considering each population
separately, but not when we consider them together. F'g; between the two populations is shown in the last
row. Simulated accuracy: 0.42, overall accuracy: 0.63.



peg-gan: CEU/CHB split (accuracy=0.77)
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Figure S5: CEU/CHB: two-population model.

overall accuracy: 0.77.

Summary statistic comparison between real 1000
Genomes data and data simulated under the inferred parameters from pg-gan (see Table 3 for parameter
values and Figure 3D for the POST model). Left: statistics computed on CEU samples only. Right: statistics
computed on CHB samples only. Note that we have non-segregating sites when considering each population
separately, but not when we consider them together. Fg; between the two populations is shown in the last
row, which we note is much less closely matched than for YRI/CEU or YRI/CHB. Simulated accuracy: 0.78,



fastsimcoal: YRI/CHB split
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Figure S6: YRI/CHB: two-population model (fastsimcoal). Summary statistic comparison between
real 1000 Genomes data and data simulated under the inferred parameters from fastsimcoal (see Table 3
for parameter values and Figure 3C for the OOA2 model). Left: statistics computed on YRI samples only.
Right: statistics computed on CHB samples only. Note that we have non-segregating sites when considering
each population separately, but not when we consider them together. F'g; between the two populations is
shown in the last row.



fastsimcoal: CEU/CHB split

5000 8000
c CEU | 0.0051 CEU | ¢ CHB | 0.0054 CHB
-2 4000 4 =
g 0.004 g 6000 1 0.004
© 3000 9]
o 0.003 4 =% 0.003
> > 4000 4
g 20001 0.002 1 g 0.002 1
g 1000 g 20001 0.001
04 o0- 0.000 -
0 2 4 6 8 10 250 500 750 1000 1250 0 2 4 6 8 10 0 250 500 750 1000 1250
minor allele count (SFS) inter-SNP distances minor allele count (SFS) inter-SNP distances
0.8 0.6
031 CEU CEU 031 CHB CHB
027 _ 0.2 0.4
T T
8 0.14 301
0.2
0.0 4 0.0
T T T T T . T T T T T 0.0-
0 5000 10000 15000 20000 0 4 0 5000 10000 15000 20000 -2 0 2 4
distance between SNPs Tajima's D distance between SNPs Tajima's D
0.25
CEU 0.15 CEU 0.20 CHB 015+ CHB
0.20 4
0.15 4
0.15 4 0.10
0.10 4 0.10
0.05
0.05 A 0.05 1
0.00 - 0.00 - 0.00 -
0 5 10 15 0 20 40 60 80 100 0 5 10 15 0 20 40 60 80 100
pairwise heterozygosity (1) number of haplotypes pairwise heterozygosity () number of haplotypes
[ CEU/CHB
61 simulated
Il CEU real data I CHB real data
I CEU sim data Il CHB sim data
5

0.0 0.2 0.4 0.6 0.8
Hudson's Fst

Figure S7: CEU/CHB: two-population model (fastsimcoal). Summary statistic comparison between
real 1000 Genomes data and data simulated under the inferred parameters from fastsimcoal (see Table 3
for parameter values and Figure 3D for the POST model). Left: statistics computed on CEU samples only.
Right: statistics computed on CHB samples only. Note that we have non-segregating sites when considering
each population separately, but not when we consider them together. F'g; between the two populations is
shown in the last row.



frequency per region

LD (r?)

pg-gan: YRI/CEU/CHB from OOA3 (accuracy=0.65)
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Figure S8: YRI/CEU/CHB: three-population model. Summary statistic comparison between real 1000
Genomes data and data simulated under the inferred parameters from the YRI/CEU/CHB OOA3 model

with 10/14 parameters inferred and migration parameters fixed. The table below includes the ranges and

inferred values for these 10 parameters. See [1] for the original specification of the OOA3 model and [2] for
an implementation of the model in msprime [3]. Simulated accuracy: 0.68, overall accuracy: 0.65.
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pg-gan: YRI/CHB split with inferred recombination rate (accuracy=0.67)

. YRI YRI | < 500, CEU CEU
5 30001 0.006 B 0.006 -
L L
5 5 6000 -
S 2000 1 0.004 | IS 0.004 1
z 3 4000 -
c c
El 1000 + E
@— 0.002 4 @- 2000 4 0.002 4
0- 0.000 4+ T T T T 0- 0.000 -
0 2 4 6 8 10 0 250 500 750 1000 1250 0 2 4 6 8 10 0 250 500 750 1000 1250
minor allele count (SFS) inter-SNP distances minor allele count (SFS) inter-SNP distances
0.8
020 YRI YRI 05 CEU|  os! CEU
0.154 0.6 1 0.4
— —~ 0.2
L 0.104 04 RS 0.34
o -4 o
= 0.054 3 0.149 0.2
0.00 4 021 0.0 014
=0.05 T T T T 0.0 T T T T T T T T 0.0 -
0 5000 10000 15000 20000 -2 0 2 0 5000 10000 15000 20000 -2 0 2 4
distance between SNPs Tajima's D distance between SNPs Tajima's D
0.15
025 1 YRI YRI| ] CEU CEU
’ 0.15 A
0.20 4
0.10 4 0.15 4
0.15 4 0.10 4
0.10 0.054 0.10 4
005 0.05 1 0.05 4
0.00 - T T T 0.00 T y T T 0.00 - 0.00 -
0 5 10 15 0 20 40 60 80 100 0 5 10 15 0 20 40 60 80 100
pairwise heterozygosity () number of haplotypes pairwise heterozygosity () number of haplotypes
61 = YRI/CEU
simulated
[0 YRI real data Il CEU real data
I YRI sim data I CEU sim data

0.0 0.2 0.4 0.6 0.8
Hudson's Fst

Figure S9: YRI/CEU split with recombination rate inferred. In this analysis we infer the recombina-
tion rate instead of sampling from the HapMap recombination rate. We inferred a rate of 1.20e-08 in this
scenario. The fit of the summary statistics is not as close as when we use the HapMap rates (see Figure 9).
Simulated accuracy: 0.52, overall accuracy: 0.67.



References

[1] Ryan N Gutenkunst, Ryan D Hernandez, Scott H Williamson, and Carlos D Bustamante. Inferring the
joint demographic history of multiple populations from multidimensional SNP frequency data. PLoS

Genetics, 5(10):¢1000695, 2009.

[2] Jeffrey R Adrion, Christopher B Cole, Noah Dukler, Jared G Galloway, Ariella L Gladstein, Graham
Gower, Christopher C Kyriazis, Aaron P Ragsdale, Georgia Tsambos, Franz Baumdicker, et al. A

community-maintained standard library of population genetic models. Elife, 9:e54967, 2020.

[3] Jerome Kelleher, Alison M Etheridge, and Gilean McVean. Efficient coalescent simulation and genealogical

analysis for large sample sizes. PLoS Computational Biology, 12(5):€1004842, 2016.

10



