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Supplementary Information section 1
Quality Control (QC)

The data analyzed in this study come from multiple sources: imputed ancient DNA sequences
(shotgun sequences and 1240k enrichment reagent), sequences of people of European ancestry
from the 1000 Genomes Project, and imputed SNP array data from the UK Biobank (genotyped
using the UK Biobank Axiom Array). To generate datasets useful for filtering out variants that do
not have reliable genotyping properties, we used principal components to identify groups of
individuals with similar ancestry across different datasets. We then filtered out variants whose
allele frequencies differed significantly between sample sets to minimize batch effects due to
combining samples from different sources. Variant quality control involves a three-step procedure.

Variant QC: Step 1

We performed a first step QC that restricted to the 1240k sites for which we have particularly rich
genotyping data. A variant passes provisional QC if it meets all the following criteria:

It belongs to the 1240k SNP set.
Chi2-test(aDNA_SG, aDNA 1240k) <5
Chi2-test(UKBB_UK, GBR CEU) < chi2_thr
Chi2-testtUKBB_EUR, GNOMAD EUR) < chi2_thr
INFO_WEA 1240k > 0.6

INFO_WEA SG>0.6

AN

We define sample sets in Supplementary Table S1.1 and apply a chi-square test (chi2-test) to
compare the allele counts of each variant across three pairs of sample sets. INFO_WEA 1240k
and INFO_WEA SG are IMPUTE2’s INFO scores for each variant, calculated for high-quality
imputed individuals from western Eurasia with 1240k and shotgun sequences, respectively. We
use the Bonferroni-corrected threshold (chi2 _thr = 32.03) to filter variants. We select 336 pairs of
high-quality imputed sequences from ancient individuals with both shotgun (SG) and 1240k
enrichment reagent data, naming them aDNA SG and aDNA_1240k. These two sets represent
different types of sequences for the same individuals, ideally having identical allele frequencies.
Allowing for a small error, we choose a chi-square test threshold of 5, resulting in 935,237 SNPs
for the provisional variant QC step (Supplementary Figure S1.1).



Supplementary Table S1.1: Sample set used in the quality control of variants.

Number of Description
Sample set name
samples
aDNA SG 336 Shqtgun sequences of ancient individuals with both shotgun and 1240k
- enrichment reagent data
aDNA 1240k 336 124.01( sequences of ancient individuals with both shotgun and 1240k
- enrichment reagent data
UKBB UK 283 Sample from the UK Biobank used in this study with the country of birth
- being the UK.
GBR_CEU 190 1000 GP samples from GBR and CEU populations
Allele frequency of the European subset of UKBB is presented in the
UKBB_EUR 458,937 af EUR column of the variant manifest of pan-ukbb (2022-04-11).
Allele frequency of the European subset of GNOMAD is presented in the
GNOMAD_EUR 4299 gnomad_genomes_an_ EUR column of the variant manifest of pan-ukbb
(2022-04-11).
Western Eurasian individuals in our dataset with Date=0 years BP but not
WEAO 79 part of UKBB and 1KG.
Western Eurasian individuals in our dataset with Date<lk years BP but not
WEAI 959 part of UKBB and 1KG
Sample from the UK Biobank used in this study.
UKBB 5935
1KG 503 1000 GP samples from EUR populations after dropping up to 2nd-degree
relatives.
1IKG_ALL 2504 All the samples from 1000GP
GBR_CEU 190 1000 GP samples from GBR and CEU populations
Allele frequency in samples of non-Finnish European ancestry is
GNOMAD NFE 15414 represented by the AF nfe field in the INFO columns of the GNOMAD
v2.1.1 publicly available variant VCF files.
1KG_match UKBB 478 1KG samples that are ancestry matched with samples from UKBB
UKBB_match_lkg 478 UKBB samples that are ancestry matched with samples from 1KG
1KG _match WEAI 314 1KG samples that are ancestry matched with samples from WEA1
WEAI1 match 1KG 314 WEA1 samples that are ancestry matched with samples from 1KG
1IKG_match WEAO 40 1KG samples that are ancestry matched with samples from WEAO
WEAQ match 1KG 40 WEAO samples that are ancestry matched with samples from 1KG
UKBB_match WEALI 778 UKBB samples that are ancestry matched with samples from WEA1
WEA1 match UKBB 778 WEAL1 samples that are ancestry matched with samples from UKBB
UKBB_match WEAO 61 UKBB samples that are ancestry matched with samples from WEAOQ
WEAO match UKBB 61 WEAO samples that are ancestry matched with samples from UKBB
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Supplementary Figure S1.1: Allele frequency of 1240k SNPs in different sample sets. Each
dot represents a SNP; blue dots are SNPs that passed the provisional QC, while orange ones
failed. Both the x and y axes show allele frequency in the subset of individuals labeled on the
corresponding axis.

Variant QC: Step 2

We next performed QC not just on the variants in the 1240k SNP set, but on all imputed variants
in the 1000 Genomes Project variant set.

We use the provisional QCed SNP set and prune them using plink2 with the --indep-pairwise 1000
1 0.2 option. Then, we use the 5,935 individuals from the UKBB in our imputed dataset restricting
to the pruned SNP set, using plink2 to calculate eigenvectors and project all individuals to calculate
principal components (PCs). We use 4 subsets of samples to create 5 pairs of matching subsets
with similar ancestry using the following procedure: For pop1 and pop2 non-overlapping subsets
of individuals, we ran hierarchical clustering on their union set wusing the
sklearn.cluster.AgglomerativeClustering package in Python on the top two PCs calculated above.
The number of clusters (n_clusters) is the total number of individuals in these sets divided by 100,
with a minimum of 10 clusters. Then, for each cluster, we pair individuals such that one is from
popl and the other is from pop2 until no such pair is available. The set of all individuals that have
been paired and are from popl is called popl match pop2, and the other is called
pop2_match popl. These two subsets consist of samples with similar ancestry based on the top
two PCs. The 4 original subsets and their 5 matching pairs are detailed in Supplementary Table
S1.1. These matched subsets of individuals are visualized in Supplementary Figure S1.2.

For individual i with both shotgun and 1240k sequences that are in aDNA_SG and aDNA 1240k
sets of sequences, we define A= (GTi(Shotgun) — GTi(1240k))/2 for each variant such that GTi(Y)
means the imputed genotype in data type Y (shotgun or 1240k) for individual i for the variant of
interest. A variant passes final QC if:

1. Minor allele frequency in IKG_ALL > 0.005
2. mean(|A[)<0.05
3. The p-value of the null hypothesis mean(A) =0 is > le-5
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11. INFO_WEA_SG> 0.6

P-chi2-normalized(GBR_CEU, GNOMAD NFE) > le-5
P-chi2-normalized(UKBB_match 1KG, 1IKG_match UKBB) > le-5
P-chi2-normalized(WEA1 match 1KG, 1IKG_match WEATL) > le-5
P-chi2-normalized(WEA1 match UKBB, UKBB match WEA1 > le-5
P-chi2-normalized(WEAO match 1KG, 1IKG_match WEAO0) > le-5
P-chi2-normalized(WEAO_ match UKBB, UKBB_match WEAOQ) > le-5
10 INFO WEA 1240k > 0.6

Here, P-chi2-normalized(pop1, pop2) is the p-value of the chi-square statistic, divided by its mean
over all variants, from the chi-square test between popl and pop2 given the allele counts. Allele
frequency consistency between different pairs of sample sets is visualized in Supplementary Figure

S1.3.
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individuals in each sample set.
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Supplementary Figure S1.3: Allele frequency consistency across datasets. The figure displays
1,000,000 randomly selected variants that passed the filters (blue) and 1,000,000 that did not
(orange). N represents the number of individuals in each subpopulation. Both the x and y axes
show allele frequency in the subset of individuals labeled on the corresponding axis.

Variant QC: Step 3

To minimize discrepancies between the imputation of ancient DNA and UK Biobank data, we re-
imputed the UK Biobank genotyping array from scratch. We utilized Affymetrix confidence files
to simulate genotype likelihoods and processed these through the same imputation pipeline
employed for ancient DNA. We removed variants that did not pass QC steps 1 and 2 (79.87% of
all variants); the remaining 20.13% of variants passing these steps are expected to have less
discrepancy across different datasets and sequencing technology (Supplementary Figure S1.3).

To further minimize the impact of batch effects from adding samples from the UK Biobank and
1000 Genomes Project (1000GP) in our selection statistics that also co-analyzed ancient
individuals derived from the GLMM method, we ran our analysis both with and without modern
individuals. Let Z represent the Z-score of the estimated selection coefficient calculated using all
samples in our studies, and Z, represent the Z-score calculated excluding the modern samples. We
employed a weighted least squares (WLS) approach on the two Z-scores and excluded all variants
with Pearson residuals greater than 5.45.
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Supplementary Figure S1.4: Comparison of Z-scores from GLMM, with (Z) and without (Z)
modern samples. Outliers, which are concerned could be due to batch effects, are identified and
removed using Pearson residuals from weighted least squares. Colormap is |Pearson residual].

We fita WLS for Z = a + bZ, with weights = 1/(1 + cZ;) and ¢ = 7.41e-4. The weights of WLS
should be proportional to the variance of the response variable (Supplementary Figure S1.5).
Weights are inferred empirically using the following approach. First, fit an Ordinary Least Square
(OLS) for Z = a + bZ,. Z is the OLS prediction and Z — Z is the residual. Define variable x =

|Zol,y = (Z -7 )2 — 1. Create 100 bins using percentiles of x and fit another OLS such that y =

cx*, where X and y represent mean values of x and y in each bin. We used the OLS and WLS
functions of the statsmodels package in Python for this analysis.

A total of 9,926,484 variants, including 8,212,921 SNPs and 1,713,563 indels, passed all three
steps of QC, representing 18.95% of the 52,382,872 imputed variants. The counts of variants
passing QC for different variant types (SNP or indel) and their presence in the PAN-UKBB,
1240K, or UK Biobank axiom array SNP sets, are summarized in supplementary table S1.2.
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Supplementary Figure S1.5: Empirical inference of weights for weighted least square (WLS).

Supplementary table S1.2: Summary of variants (SNP and indels) that passed final quality
control, categorized by their presence in different variant sets.

Variant set

Category based on presence in different variant sets

Variant set

(1: present, 0: absent) count
SNP 1 0 1 0 1 1 1 1 8,212,921
PAN-UKBB 1 1 1 0 1 0 1 0 8,976,393
1240k 0 0 1 0 0 0 1 1 937,454
UK Biobank Axiom 0 0 0 0 1 0 1 0 486,264
S o~ () O \O (@) oo
S I = I N - S - S =
Category count o= g o5 o o “ =~ - 9,926,484
~ N = ) vy Ne) I\ —
O“ (@) oo o~ on — —




Sample Quality Control

For each imputed sample, we define an imputation quality score where GT is the most likely
genotype based on the imputed genotype posterior GP = (GPo, GP1, GP2) and GPy + GP; + GP>=1.
We only kept samples with high imputation quality score 1QS>0.9. We used the KING software
to capture duplicates and related samples up to the second degree. We used a greedy algorithm to
prioritize samples by their IQS and drop all relatives up to the second degree until there are no two
samples that are second-degree related or more.

We next carried out a filtering step to remove individuals that we found were reducing the
significance of real signals of selection, either because their assigned dates were incorrect, or
because they had primary ancestry that was badly captured in the time transect. We ran a
generalized linear model (GLM) with the date of the sample being the explanatory variable and
allele counts as the response. We use the p-values to prioritize variants based on their association
with the date. We restrict to high-quality variants in the 1240k SNP set using plink2 with the option
--indep-pairwise 100 1 0.2 and a fake frequency file such that p-values calculated from the GLM
are mapped to a minor allele frequency (MAF) value between 0 and 0.5, where the smallest p-
values are mapped to MAF=0.5 and the largest p-values are mapped to MAF=0. This way, plink2
is prioritizing by larger values of MAF, which is equivalent to smaller (more significant) p-values.
This pruned SNP set is used to calculate the top 100 principal components (PCs) of individuals in
the provisional set. These 100 PCs are used as explanatory variables to fit a linear regression with
the date of the samples as the response variable. If the estimated date and reported date are
significantly different, we exclude those samples from our analysis using the following criteria:

1. Date <15,000 years BP
2. Date SE <500 years or the absolute value of the regression residual <500 years
3. P-value of Pearson residual > le-5

Here, Date is the reported date of the sample and Date SE is the reported standard error. We use
outliers in the top two PCs to remove outliers with some African admixture.



Supplementary Information section 2
Statistical criterion for genome-wide significance

Establishing the Optimal Significance Threshold

Numerous confounding factors, such as population structure, genetic drift, batch effects, the
quality of genotype imputation, and the processes of sequence generation and data preprocessing,
have the potential to lead to genomic inflation. We implemented extensive data cleaning and
quality control measures, along with the Generalized Linear Mixed Model (GLMM) approach, to
mitigate the impact of these confounding factors on our findings. However, complete elimination
of these issues is not possible, and thus further correction for their effects during the final analysis
phase of the summary results is essential. We tried multiple approaches to control family wise
error rate (FWER). However, we found that these approaches are either inefficient or not robust.
We used an alternative approach of controlling for false discovery rate (FDR) by leveraging high
quality GWAS studies.

Controlling for family wise error rate (FWER)

We explored various approaches to identify a control factor (CF) to adjust the nominal y? of the
selection signal that is both reliable and maximizes the utility of the data. We tried three different
CF: genomic inflation factor (Acc), simulation based, and finally LD score regression intercept.

Genomic inflation factor (Agc). To adjust for residual confounding of our selection statistics, we
tried adjusting with genomic inflation (Agc), defined as the median of the nominal y?of the
selection coefficient divided by the median of a chi-square distribution with 1 degree of freedom
(0.455). This empirical correction factor is 5.26 for our dataset. We tried using the Acc as the
control factor for the nominal y? . The nominal genome-wide significance threshold,
corresponding to an adjusted P-value threshold of 5e-8 with CF=5.26, is p=7.2e-36, which yields
48 independent loci, excluding the HLA region. By using orthogonal information (GWAS data) to
estimate the fraction of the genome affected by directional selection, however, we infer that 26%
of analyzed sites are in at least weak linkage disequilibrium (LD) (72 > 0.05) with high-
confidence signals of selection (<5% False Discovery Rate - FDR) (Extended Data Figure 2b).
This is a much larger fraction of the genome shaped by directional selection signals than can be
explained by 48 loci, and thus, relying on Agc is too conservative.

Simulation. We turned to simulation, which suggests that the control factor for the nominal x? is
1.04. The nominal genome-wide significance threshold, corresponding to an adjusted P-value
threshold of 5e-8 with CF=1.04, is p=2.7e-8, which yields 8,210 independent loci. The FDR for
this threshold is estimated to be 44%, which is far more than the <1% that would be expected if
the threshold was well-calibrated. Therefore, our simulation is not realistic enough and does not
adequately adjust for all the artifacts contributed to false-positives in real data.
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LD score and pseudo-intercept. “LD score regression” (LDSC) analyzes the relationship
between the LD among variants and their associated test statistics to disentangle the effects of
polygenicity from confounding. If it is working properly is expected to show a linear relationship
between “LD score bin” and tests statistics whose y-intercept that can be used to estimate inflation
and is often in fact used in this way in GWAS studies'. We explored using this approach to correct
for inflation in our selection scan.

A potential challenge in using LDSC to correct for inflation in a selection scan is that our dataset
is plausibly more affected by data artifacts than GWAS studies in living people where data sources
are relatively homogeneous. The data we are analyzing here comes from much more diverse
sources: imputed ancient DNA sequences (shotgun sequences and 1240k enrichment reagent),
sequences of people of European ancestry from the 1000 Genomes Project, and imputed SNP array
data from the UK Biobank (genotyped using the UK Biobank Axiom Array). While we employed
extensive quality control and data cleaning (Supplementary Information section 1) with the goal
of minimizing the impact of artifacts, data cleaning is never perfect, and some artifacts will always
be present. The accuracy of imputed genotypes is also expected to be lower for variants with low
levels of LD and low minor allele frequency in the reference panel?, and for ancient individuals
who are less related than modern individuals to the populations in the reference panel used for
imputation?. This raises the possibility of higher inflation for variants with lower LD score, and
indeed, the LD-score vs. nominal x? of selection reveals exactly what would be expected from
such issues: a non-linear relationship between LD score bin and test statistics that is not expected
for well-behaved LDSC (Supplementary Figure S2.1). Because of these issues, we cannot simply
use the LDSC framework to determine an appropriate inflation factor correction.

We explored computing a pseudo-intercept using S-LDSC with baseline v2.2, where SNPs with
LD-scores above a minimum threshold, called min(LD-score), are considered in the calculation of
the intercept. The pseudo-intercept as a function of min(LD-score) decreases monotonically until
min(LD-score) = 89, which gives a pseudo-intercept of 2.63, and then after that point, it fluctuates.
The nominal genome-wide significance threshold, corresponding to an adjusted P-value threshold
of 5e-8 with CF =2.63, is 9.5¢-19, which yields 319 independent loci, excluding the HLA region.
The FDR for this threshold is estimated to be 1.2%. This CF from the pseudo-intercept is the most
reasonable compared to previous approaches, assessed based on the independent FDR criterion,
and in fact it is very similar to the threshold we used in practice and which we obtained by
calibration from orthogonal data (enrichment in signals of association to phenotypes from GWAS).
However, because of the non-linearities, we refrain from using this correction to control formally
for FWER.

11
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Supplementary Figure S2.1: (a) LD score plot for nominal y? statistics, with each point
representing an LD score quintile. Values are averaged within each bin for visualization
purposes only. (b) The pseudo-intercept is the intercept of the LD score regression after dropping
all SNPs with LD scores below the minimum threshold.
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Controlling for false discovery rate (FDR) by leveraging GWAS signals

In this study, we abandoned controlling for the family-wise error rate (FWER), which is the
probability of obtain one or more false positives in a multiple testing scenario, and instead decided
to take advantage of information-rich, high-quality GWAS data to estimate the false discovery rate
(FDR) and posterior probability, and thereby to calibrate our summary statistics.

In Supplementary Figure S2.2, the x-axis is the nominal p-value of the selection coefficient, and
the left y-axis is the enrichment in pan-UKBB GWAS studies. To estimate the enrichment values,
ultimately determining FDR and the posterior probability of being a true selection signal, we
followed the procedure outlined below.

First, for all SNPs that pass the quality control, we apply a pruning procedure using PLINK
(version 1.9) with an r? threshold of 0.99 and a window size of 1 Mbp. This results in 3,085,793
SNPs, of which 14.5% are genome-wide significant in at least one of 454 GWAS from the Pan-
UKBB that pass QC.

To adjust for minor allele frequency variation, we initially applied a logistic regression model to
this set of SNPs:

bi \ _
lOg(l—pi)_a+bﬁ

Here, p; denotes the expected probability that SNP i is a GWAS hit, given the minor allele
frequency f;, and y; is a binary outcome variable indicating whether SNP i is identified as a GWAS
hit (yi = 1) or not (y; = 0).

For each threshold for significance ¢, we define R(?) as:

1 Vi
Rt)=—— ) —
N(t) = i

Where Si={i: P; <I0"} and N(t) is number of SNPs in set S;. Subsequently, we define ap=R(0),
and E(t)=R(t)/R(0). We rewrite E(t) in the following form:

fxoit[n(x)]o(reallx)oz1 + (1 — p(real|x) )n(x)a, |dx

E@®) = %
(ay —ap) [,_, n(x)dx
where n(t) = %Ai(t) and p(real|#) is the posterior probability of being a true selection signal.
Thus,
JE(t)N(t
a(N(D))
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The false discovery rate FDR(?) is defined as:

_q E(t)—-1
FDR(t) = ——thng O—1

To estimate E(¢) and N(?) smoothly, we utilize the polyfit function from the numpy package in
Python. Our estimations for values approaching 0 or 1 tend to be less reliable. Consequently, we
refrain from reporting values below 1% or above 99%.
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Supplementary Figure S2.2: Estimated FDR and posterior probability of being a true selection
signal as a function of the nominal p-value threshold. The black dashed line shows the P-
threshold (9.55e-20) with a posterior probability of 99%.

This analysis suggests that at a nominal p-value threshold of 9.55e-20, the posterior probability is
~99%. The appropriate threshold for controlling FWER should be somewhere between 9.5¢-19
and 7.2e-36 based on the discussion above. However, the 7.2e-36 threshold seems extremely
conservative, while the enrichment in GWAS studies gives us a good handle on FDR, not FWER,
and makes the most out of the data, and hence we use the FDR approach.

We implement the FDR approach in practice using a newly defined statistic X = Z/v/CF, where
Z is the nominal test staticic for the selection signal without full correction for inflation, and CF is
an empirically calibrated correction factor. We set CF=2.78 (+/CF = 1.67) based on this being the
point at which we estimate that the posterior probability is 99%. Encouragingly, this falls within
the 95% confidence interval (2.47, 2.91) estimated using the pseudo-intercept of the LD score
regression, providing a supporting line of evidence that this is a reasonable approach.

With our parameterization of the X-statistic, the threshold |X|=5.45 which if it was a normally
distributed variably would imply a classically genome-wide significance threshold of 5x107%, is the
threshold of genome-wide significance for our study as well. Thus, p-values obtained from
interpreting our X-score as a normally distributed variable provide reasonable guidelines for
whether particular SNPs are genome-wide significant.
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Supplementary Information section 3
HAF score analysis proves directional selection

HAF score dynamic for positive and negative selection

The haplotype allele frequency (HAF) score for a given haplotype is calculated by summing the
derived allele counts of the polymorphic sites on that haplotype*>. It distinguishes carrier
haplotypes from non-carriers of the favored allele in an ongoing selective sweep, without prior
knowledge of the favored allele. The HAF-score is defined for a haploid population, requiring
phased haplotype information and ancestral and derived allelic states to distinguish carriers from
non-carriers of the favored mutation in an ongoing selective sweep. For a diploid population,
however, calculating the mean HAF-score does not require phased information, and only the
derived allele frequency (DAF) is needed. The mean HAF-score is given by:

m
HAF =n Z DAF}

=1

where 7 is the number of haplotypes (twice the number of diploid individuals), m is the number of
polymorphic sites in the sample, and DAFi is the derived allele frequency for the i-th polymorphic
site.

In a neutrally evolving population with a constant population size N, the expected HAF score under
the coalescent model® is:

0(n—-1
E[HAF] = (—)
2
where 8 = 2NulL represents the scaled mutation rate, u is the mutation rate per base pair per
generation, L is the haplotype length, and # is the number of sampled haplotypes.

Ronen et al. (2015) show that for strong selection (Ns > 1) without recombination, the expected
HAF scores for carrier and non-carrier haplotypes of a favored allele with frequency f during a
hard selective sweep are given by:

f+1 1 )

BLHAF<) = on (5 - A-pn+1

11 1
nonj| ~ _— _—
EIHAF™"] ~ bn (2 T o T A=+ 1)

Thus, the expected HAF score for n haplotypes undergoing a hard selective sweep is:
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o (f*+1 1-f 1
E[HAF]~9n< S+ —(1_f)n+1>

When n(1 — f)f > (2 — f), E[HAF] is greater than 8(n — 1)/2, indicating that the expected
HAF score is larger than the neutral case if the sweep is not near fixation (Supplementary Figure
S3.1). Thus, a positive deviation from expectation provides evidence of a partial sweep.

o
i .............................
W 044 = n=10000
n=1000
031 — n=100
0.2 4 = = Carriers
— All
0.1 A

= Non-carriers

0.0 -

T T T 1

0.0 0.1 072 0f3 0f4 0.'5 076 O.'7 Of8 0.9 1.0
Favored allele frequency (f)

Supplementary Figure S3.1: Haplotype allele frequency (HAF) score as a function of favored
allele frequency during an ongoing hard selective sweep without recombination.

For negative selection, the effective population size (V) is reduced due to linked background
selection. This leads to a decrease in 8 and the expected HAF score, making it lower than in the
neutral case’. Thus, in principle, observation of a rise in the HAF score can provide unambiguous
evidence of positive directional selection associated with our X-statistic.

A challenge in testing for evidence of direction selection based on a rise in the HAF score is that
alleles in the genome that are subject to positive selection are also expected to be regions rich in
functional effects and, thus, are expected to be more subject to purifying selection. When we
compute how HAF score changes as a function of our test statistic for natural selection, we observe
a nominal decrease in HAF score—not the increase expected for positive selection—which could
be due to this phenomenon (Extended Data Figure 3c). To distinguish between scenarios in which
the correlation of our X-statistic to functionally more important regions is due at least in part to
the signal we are interested in (that is, directional selection), and cannot be trivially explained as
an artifact of purifying selection at alleles in functionally more important regions leading to false-
positives, we controlled for the effects of linked negative selection (B-statistic) genome-wide. The
resulting residual HAF-score increases as a function of X-statistic, plateauing around |X|=5.45, the
same plateau as we observe for the enrichment of signals in independent GWAS data (Figure 1b,
Extended Data Figure 3c)
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Supplementary Information Section 4

Allele frequency trajectory and selection coefficient over
time for 347 independent loci with >99% probability of
selection

In this section, we visualize allele frequency trajectories (Supplementary Figure S4.1-S4.29) and
selection coefficient over time (Supplementary Figure S4.30-S4.58) for 347 independent loci (279
outside the HLA region and an additional 68 in HLA) with |X|>5.45 corresponding to a 7>99%
probability of selection. To produce this list, we identified the strongest signal in the genome and
considered all SNPs in LD with it in modern Europeans from the 1000 Genomes Project (r>>0.05)
to potentially reflect the same signal. We then found the second-strongest signal excluding these
positions, and so on, until no more SNPs pass this threshold (Extended Data Figure 2b). The SNPs
are listed in genomic order.
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Supplementary Figure S4.2: Allele frequency over time. From chr 1 and 2.
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Supplementary Figure S4.3: Allele frequency over time. From chr 2.
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34



205 206
FGF17, rs900779 CPNE3, rs4961195
chr8:21900757 (G>A), Anc=G chr8:87501554 (A>C), Anc=A
B o 0.46%:x0.08%, X=5.82, Px=5.8¢-09, 1>0.99 EEED . 0.45%:0.07% X=-6.00, Px=2.0e-09, >0.99
0.80
@ WHG © EEF @ Steppe @ WHG © EEF @ Steppe
0.75
> >
I I
£0.70 <
B B
= =
g g
< 065 s
] T 0.50
= =
5 0.60 o
g 2045
5} @
2 055 2 0.40
0.50 0.35
8000 6000 4000 2000 0 10000 8000 6000 4000 2000
Date (BP) Date (BP)
208 209
nan, rs28393360 RP11-408A13.2, rs34361301
chr8:126619477 (T>A), Anc=T chr9:14535119 (C>T), Anc=C
5=-0.57%=0.09%, X=-6.16, Px=7.2e-10, n>0.99 5=-0.58%+0.11%, X=-5.45, Px=4.9e-08, 1>0.99
+. WHG © EEF @ Steppe @ WHG @ EEF @ Steppe
0.9 0.95
> >
3 9
g H
$o8 $ 0.90 1
s 2
L g
& £
o o
so07 3 0.85
= =
- -
g e
2 2
5 0-6 S 0.80
o o
05 0.75 1
10000 8000 6000 4000 2000 0 10000 8000 6000 4000 2000 0
Date (BP) Date (BP)
211 212
nan, rs13300853 nan, rs16917529
=55 ] chr9:16901228 (C>T), Anc=C CEE chr9:31924600 (G>A), Anc=G
5=-0.65%+0.11%, X=-5.92, Px=3.3e-09, 1>0.99 5=-0.65%+0.08%, X=-8.32, Px=8.8e-17, 1>0.99
@ WHG © EEF @ Steppe @ WHG © EEF @ Steppe
0.9
o8 z
g H
o o
El ]
g 0.7 g
& &
3 3 0.40
T 06 =
3 T 035
2 2
305 & o030
0.4 0.25
0.20
0.3+ : v r : | - - - - |
10000 8000 6000 4000 2000 0 10000 8000 6000 4000 2000 0
Date (BP) Date (BP)
214 215
nan, None RP11-308N19.1, rs141332011
chr9:83357962 (->C), Anc=- chr9:109316988 (A>G), Anc=A
R o1 53%:0.28%, X=5.52, Px=3.46.08, 1>0.99 EEEED o 113%+020%, X=-5.59, Px=2.2¢.08, 1>0.99
0.07
@ WHG © EEF @ Steppe 0.175 @ WHG @ EEF @ Steppe
0.06
0.150
9 9
2 0.05 H
g g 0125
g g
2
@ v 0.100
] 3
= s
° © 0.075
o o
2 2
& & 0.050
0.025
0.00 - - | - - - -
10000 8000 6000 4000 2000 10000 8000 6000 4000 2000 0
Date (BP) Date (BP)

nan, rs55913855
chr8:126388551 (C>G), Anc=C
5=-0.84%*0.10%, X=-8.44, Px=3.1e-17, n>0.99

© EEF

@ WHG @ Steppe

Derived allele frequency
o
N
oS

=)
=
o

6000 4000 2000

Date (BP)

10000 8000

210
BNC2, rs1927640
chr9:16456965 (A>G), Anc=A
5=0.70%+0.12%, X=5.87, Px=4.3e-09, n>0.99

@ WHG © EfF

@ Steppe

e e o
N} w >

Derived allele frequency

e
-

10000 8000 6000 4000

Date (BP)

2000 0

213

nan, rs74823083
chr9:80800842 (A>G), Anc=A
5=0.62%+0.11%, X=5.88, Px=4.2e-09, m>0.99

© EEF

@ WHG @ Steppe

o o o
= N N
o o a

Derived allele frequency
o
o
o

0.05

4000 2000 0

6000
Date (BP)

10000 8000

216
[ =20

nan, rs7029094
chr9:110782565 (T>C), Anc=T
5=-0.62%=0.09%, X=-6.80, Px=1.0e-11, 1>0.99

© EEF

@ WHG @ Steppe

0.75

Derived allele frequency
e o o o o
w v [ o ~
S &0 & o o

IS
a
&

IS
s
S

6000 4000
Date (BP)

8000

10000

Supplementary Figure S4.18: Allele frequency over time. From chr 8 and 9.

35



217 218
ASTN2, rs60477877 TLR4, rs4986791
chr9:119487183 (C>A), Anc=C chr9:120475602 (C>T), Anc=C
EEEED . 056%:0.10%, X=-5.55, Px=2.9¢-08, 7>0.99 EREED o 075%0.14%, X=-5.56, Px=2.6¢-08, 1>0.99
0.50 @ WHG @ EEF @ Steppe @ WHG @ EEF @ Steppe
0.45
g 0.40 9
5 5
B B
go3s g
o o
3 030 3 025
= =
3 g o020
2025 g
3020 8015
0.15 0.10
0.10 T T T T T 0.05 L T T T T
10000 8000 6000 4000 2000 10000 8000 6000 4000 2000
Date (BP) Date (BP)
220 221
GARNL3, rs4431687 ABO, rs8176693
chr9:130111697 (A>T), Anc=A chr9:136137657 (C>T), Anc=C
EEED  _071%+0.11% X=6.33, Py=2.4e-10, 1>0.99 5=2.94%=0.30%, X=9.84, Px=7.8¢-23, 1>0.99
@ WHG © EEF @ Steppe @ WHG @ EEF @ Steppe
0.25 0.10
3020 3 0.08
o o
El El
2 2
g g
2 015 3 0.06
K] K]
= =
g € 0.0a
Z 0.10 2
5 5
o o
0.02
0.00
10000 8000 6000 4000 2000 0 10000 8000 6000 4000 2000 0
Date (BP) Date (BP)
224

nan, rs386457469
chr10:31453892 (T>C), Anc=T
5=0.63%=0.11%, X=5.48, Px=4.3e-08, n>0.99

nan, rs7076626
chr10:112291246 (A>C), Anc=A
5=0.45%+0.08%, X=5.84, Px=5.1e-09, n>0.99

@ WHG © EEF @ Stepp

© EEF

@ WHG @ Steppe

> >
3 3
2 2
g 0.20 ]
o o
g g
E &
v v
3 0.15 T
® s
- -
] ]
Z 0.10 2
& & 045
0.05 0.40
0.00 + v v v - 0.35 4 : - v -
10000 8000 6000 4000 2000 0 10000 8000 6000 4000 2000 0
Date (BP) Date (BP)
226 227

nan, rs4963049
chr11:1236427 (A>G), Anc=A
5=1.02%+0.17%, X=5.90, Px=3.6e-09, m>0.99

IGF2, rs4320932
chr11:2171601 (T>C), Anc=T
5=0.81%+0.13%, X=6.46, Px=1.0e-10, n>0.99

o
N
S

°
—
G

°
o
5

>
9
c
o
El
=4
£
2
2
©
]
9
2
o
[=]

o
=)
a

@ WHG @ EEF @ Steppe

@ WHG @ EEF @ Steppe
0.10
9
g 0.08
El
=3
£
© 0.06
2
©
K]
2004
@
o
0.02
0.00 ™ T T T
10000 8000 6000 4000 2000 0
Date (BP)

10000

6000 4000 2000 o

Date (BP)

8000

219
BRINP1, rs1332455
chr9:121970419 (C>T), Anc=C

BRI . 050%:0.10% X=-5.66, Px=15¢.08, 1>0.99
+0 WHG @ EEF @ Steppe

0.9

>

o8

]

]

g

& 0.7

£ +

2

s ~—c

1_,0.6

] -

2z ~<o

Sos

10000 8000 6000 4000 2000 0

Date (BP)
222
MAP3KS8, rs8177029
m chr10:30748498 (T>C), Anc=T
5=1.09%+0.18%, X=5.93, Px=3.0e-09, m>0.99

0.12

@ WHG @ EEF @ Steppe

o o o o
o o o =
IS o & =)

Derived allele frequency

o
o
)

0.00
10000 8000 6000 4000 2000 0

Date (BP)

225

nan, rs12577765
chrl1:1127457 (C>G), Anc=C
5=0.99%+0.09%, X=10.89, Px=1.3e-27, n>0.99

0.7 @ WHG © EEF @ Steppe

e ol
[ o

Derived allele frequency
I
>

0.3

0.2
10000 8000 6000 4000 2000 0
Date (BP)
228
BDNF, rs75298795
chr11:27696319 (C>T), Anc=C
BRI _0529+015%, X=5.63, Px=1.8¢-08, 1>0.99
WHG EEF st
oo ] ° ° @ Steppe

0.10

0.08

o
=3
=)

0.04

Derived allele frequency

o
o
N

6000 4000 2000 0

Date (BP)

0.00 T
10000 8000

Supplementary Figure S4.19: Allele frequency over time. From chr 9, 10, and 11.

36



229

EHF, rs286889

chr11:34680853 (G>T), Anc=G

5=-0.61%+0.09%, X=-6.97, Px=.

3e-12, m>0.99

230

nan, rs7294266
chrl1:48771973 (.>G), Anc=.
5=0.87%=+0.15%, X=5.89, Px=3.8e-09, n>0.99

@ WHG © EEF @ Steppe @ WHG © EEF @ Steppe
0.975
> 5 0950
506 ]
2 20925
L L
@ L
3 03 3 0.900
= s
3 % 0875
204 -
] ]
o o
0.850
0.825
10000 8000 6000 4000 2000 10000 8000 6000 4000 2000 0
Date (BP) Date (BP)
232 233
FADS1, rs174551 RPS6KB2, rs67501657
P chr11:61573684 (->C), Anc=- chr11:67204255 (T>C), Anc=T
—— 1.55%:+0.11%, X=-14.41, Px=4.7e-47, 1>0.99 5=0.58%=0.10%, X=5.99, Px=2.2e-09, n>0.99
. 0.35
@ WHG © EEF @ Steppe @ WHG @ EEF @ Steppe
0.9
0.30
o8 o
g § 0.25
s E
go7 g
& £
o ©0.20
] ]
T 06 =
o o
3 g 015
£ 05 £
] ]
o o
0.10
0.4
03 0.05
10000 8000 6000 4000 2000 0 10000 8000 6000 4000 2000 0
Date (BP) Date (BP)
235 236
INPPLL, rs10751199 GRMS, rs11827676
chr11:71947822 (G>A), Anc=G chr11:88263465 (C>A), Anc=C
EREED  —0.61%0.10%, X=6.30, Px=3.0e-10, 1099 B8 5=0.75%0.12%, X=-6.08, Px=12€-09, 10.99
08 @ WHG © EEF @ Steppe @ WHG © EEF @ Steppe
0.95 +
0.7
o) g
4 £ 0901~
E E
o o
gos g
% % 0.851
K] K]
= =
© 05 2 0.80 4
2 2
& 8
0.75
0.4
0.70
0.3+ r v v r r r v v 1
10000 8000 6000 4000 2000 0 10000 8000 6000 4000 2000 0
Date (BP) Date (BP)
238 239
GRMS, rs11021369 GRMS, 5143989985
e chr11:88536913 (G>C), Anc=G chr11:88627395 (C>T), Anc=C
§=-1.05%0.10%, X=-11.05, Px=2.1e-28, 1>0.99 5=1.40%=0.25%, X=5.68, Px=1.4e-08, 1>0.99
@ WHG © EEF @ Steppe 0.08 @ WHG © EFF @ Steppe
0.07
> >
2 2
< £ 0.06
£ ]
Z E
£ £o0s
2 o
2 2 0.04
s s
K] K]
> > 0.03
7 @
o o

10000

8000

6000 4000
Date (BP)

2000

0

4000
Date (BP)

0.00
10000 8000 6000 2000 o

231
SYT7, 156188017
chr11:61322832 (G>C), Anc=G

m 5=0.98%+0.15%, X=6.39, Px=1.7e-10, n>0.99
@ WHG © EEF @ Steppe
0.175 4
> 0.150
9
<
1)
2 0.125 1
g
s
]
©
o
o
2z
@
o
0.000 T T T ™
10000 8000 6000 4000 2000 0
Date (BP)
234

NADSYN1, rs1792226
chrl1:71176574 (C>T), Anc=C
5=-0.94%+0.10%, X=-9.55, Px=1.2e-21, n>0.99

@ WHG

@ EEF @ Steppe

© © o o o
5 s 0 v o
S O o u o

Derived allele frequency
o
w
v

I
W
=)

o
N
a

10000

8000 6000 4000

Date (BP)

2000 0

237

GRMS, rs3913664
chr11:88313677 (C>T), Anc=C
5=-0.56%%*0.09%, X=-6.13, Px=9.1e-10, 1>0.99

@ WHG © EEF @ Steppe

o o o
N N w
) a S

Derived allele frequency
o
=
G

o
n
5]

8000 6000 4000 2000 0

10000
Date (BP)
240
GRMS, rs541279
chr11:88638456 (G>T), Anc=G
EEED  _0.57%+0.14%, X=6.39, Px=1.76-10, 1>0.99

® WHG @ EEF @ Steppe

0.95

=4
©
=)

Derived allele frequency
o
©
G

2000 0

40'00
Date (BP)

10000 8000 6000

Supplementary Figure S4.20: Allele frequency over time. From chr 11.

37



241 242
GRMS5, rs495695 TYR, rs1042602
chr11:88794180 (C>A), Anc=C chr11:88911696 (C>A), Anc=C
5=-0.83%=0.12%, X=-7.16, Px=8.2e-13, 1>0.99 BISII) ) 5g9,:0.14%, X=11.67, Px=18e.31, 10.99
030 N @ WHG © EEF @ Steppe 0.40 4 @ WHG © EEF @ Steppe
0.25 0.35 -
2 2
g 2 0.30
$ 020 B
= =
£ 8025
o o
2015 2 020
® ©
K] K]
Z 010 2 0157
8 8
0.10
0.05
0.05 -,
0.00 + . . - . 0.00 . . ) - -
10000 8000 6000 4000 2000 10000 8000 6000 4000 2000 0
Date (BP) Date (BP)
244 245

NOX4, rs77368047
chrl1:89204911 (->C), Anc=-
5=0.99%+*0.16%, X=6.30, Px=3.0e-10, m>0.99

NAALAD2, rs11606817
chr11:89864492 (T>G), Anc=T
5=1.13%+0.17%, X=6.49, Px=8.3e-11, n>0.99

@ WHG © EEF @ Steppe

e
-
~

e
=
o

Derived allele frequency
o o
o o
& ©

g
=3
s

g
<)
o

0.00
10000 8000 6000 4000

Date (BP)

2000

247

TMPRSS4, rs1941635
chr11:117982495 (G>T), Anc=G
5=-1.03%%0.13%, X=-7.73, Px=1.1e-14, 1>0.99

@ WHG @ EEF @ Steppe

0.12 4

0.10 4

o
=)
@

Derived allele frequency

o
o
o

0.00
10000 8000 6000 4000 2000 0

Date (BP)

nan, rs12365699
chr11:118743286 (G>A), Anc=G
5=-0.60%+0.11%, X=-5.61, Px=2.0e-08, m>0.99

0.35 @ WHG © EEF @ Steppe @ WHG © EEF @ Steppe
0.30
o g 0.40
] ]
$ 025 g
g g 03s
£ £
2020 @
2 £ 0.30
= =
% 01s 3
20 2025
o o
o o
0.10 0.20
0.05 0.15
10000 8000 6000 4000 2000 10000 8000 6000 4000 2000
Date (BP) Date (BP)
250 251
RPUSDA, rs4420285 NTM, rs1109344
chr11:126082218 (C>T), Anc=C chr11:131483597 (G>A), Anc=G
ERED < 0.63%20.09%, X=.7.25, Px=4.26-13, 1>0.99 BEEED o 0.41%20.07%, X=5.56, Px=2.7¢-08, 1>0.99
@ WHG © EEF @ Steppe @ WHG © EEF @ Steppe
> >
2 2
g g
o o
g g
2 2
£ & oss
o o
] ]
= =
s S 0.0
2030 2
@ @
o o
025

e
N
o

6000 4000 2000

Date (BP)

8000

10000

6000 4000 2000

Date (BP)

8000

10000

243

TYR, rs17174064
chr11:88979491 (T>C), Anc=T
5=-1.10%%0.12%, X=-9.13, Px=6.9e-20, m>0.99

© EEF

WHG @ Steppe

Derived allele frequency
o
o
G

=3
-
=)

6000 4000
Date (BP)

10000 8000

246

RP11-212D19.5, rs619689
chrl1:114326954 (G>C), Anc=G
5=-0.47%+0.07%, X=-7.05, Px=1.8e-12, n>0.99

@ WHG

@ EEF @ Steppe

°
S
=)

Derived allele frequency
=) o
[ o
S &

4
o
o

o
o
o

10000 6000 4000

Date (BP)

2000 0

8000

POU2F3, rs745361528
chr11:120111041 (G>C), Anc=G
5=-1.06%=*0.13%, X=-8.41, Px=4.2e-17, 1>0.99

@ WHG © EEF @ Steppe
2 0.30
2
[
g
g
Loos
p
2
®0.20
<
o
2
8015
0.10
10000 8000 6000 4000 2000 0
Date (BP)
252
C1S, 1512146727
chr12:7170336 (G>A), Anc=G
B - 0.679%20.12% X=-567, Px=1.4e-08, 1>0.99
@ WHG © EEF @ Steppe
07
506
2z
2
[
Zos
go
©
]
204
o
o
2
<03
o
02
0.1+ T v v T
10000 8000 6000 4000 2000 0
Date (BP)
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Supplementary Figure S4.22: Allele frequency over time. From chr 12.
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Supplementary Figure S4.23: Allele frequency over time. From chr 12 and 13.
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Supplementary Figure S4.24: Allele frequency over time. From chr 13, 14, and 15.
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Supplementary Figure S4.25: Allele frequency over time. From chr 15 and 16.
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Supplementary Figure S4.26: Allele frequency over time. From chr 16 and 17.
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