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Figure 3 - Evolutionary history of amylase structural haplotypes. A) Heat map of linkage 964 
disequilibrium (LD) for SNPs across a ~406 kb region spanning unique sequences on either side of the 965 
structurally variable region of amylase (SVR) for 802 West Eurasians (WEA) (see Extended Data Fig. 966 
2A for all populations). Schematic of GRCh38 structure and recombination rate are shown below. Note 967 
that regions outside of the annotated recombination hotspot have recombination rates lower than 0.2 968 
cM/Mb. B) Boxplots comparing LD between pairs of SNPs on either side of the SVR (i.e. 190 kb - 370 kb 969 
apart) to identically spaced SNPs across chromosome 1 for major human populations with more than 970 
100 samples (see Extended Data Fig. 2B for LD decay over genomic distances). C) A time-calibrated 971 
coalescent tree from the distal non-duplicated region flanking the SVR (leftmost gray arrow in A) across 972 
94 assembled haplotypes (tree from the proximal region in Extended Data Fig. 3). The number next to 973 
each tip corresponds to the structural haplotype that the sequence is physically linked to and the color of 974 
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the circle at each tip corresponds to its consensus haplotype structure (see inset structure tree). The 975 
copy numbers of each amylase gene and pseudogene are also shown next to the tips of the tree. Asterisk 976 
(*) indicates the single, recent origin of the premature stop codon in AMY1. D) Ancestral state 977 
reconstruction and mutation rate estimates for amylase gene copy number (archaic outgroups excluded). 978 
Branch color corresponds to copy number. E-G) Illustrations of the most recent AMY2A gene duplication, 979 
the complete loss of AMY2A gene, and the sequential and joint duplication of AMY2A and AMY2B genes 980 
(shaded in gray in C). H) A PCA from 94 haplotype assemblies and 3,395 diverse diploid human genomes 981 
from the distal non-duplicated region flanking the SVR (PCA from the proximal region in Extended Data 982 
Fig. 3). In the left column diploid genomes are shown in gray while assembled haplotypes are colored 983 
and sized by their haploid amylase copy number. In the right column assembled haplotypes are hidden 984 
and diploid genomes are colored by their diploid copy number. I) Boxplots comparing π calculated in 20 985 
kbp sliding windows across the distal non-duplicated region adjacent to the SVR for major continental 986 
human populations with more than 100 individuals.  987 
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 989 
Figure 4 - Inference of complex structural haplotypes from short-read data. A) A schematic of the 990 
haplotype deconvolution approach to infer the pair of structural haplotypes present in a short-read 991 
sequenced individual. 1) A set of assembled haplotypes are mapped to a variation graph and coverage 992 
vectors are quantified over all nodes of the graph. 2) Synthetic genotype vectors are constructed from 993 
summing all pairs of haplotype vectors. 3) A short-read genome is mapped to the variation graph and 994 
read depth is quantified over all nodes in the graph. 4) The short-read coverage vector is compared to all 995 
synthetic genotype vectors and scored (5) to identify the most likely haplotype pair present in the short-996 
read sequenced individual. B) Consensus haplotype structures. C) Structural haplotype frequencies 997 
across continental populations in 3,594 diverse humans (7188 haplotypes). D) Haplotype (allele) 998 
frequencies in individuals with traditionally agricultural subsistence compared to fishing, hunting, and 999 
pastoralism based diets. 1000 
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1003 
Figure 5 - Recent selection at the amylase locus in West Eurasia. A) Locations of 533 West Eurasian 1004 
ancient genomes from which amylase copy numbers were estimated. Inset shows the estimated ages of 1005 
these samples. B) The distribution of AMY1, AMY2A, and AMY2B copy numbers in ancient and modern 1006 
populations of West Eurasia. C) Copy number genotypes plotted as a function of age overlaid with a 1007 
smooth generalized additive model fit. Inset shows isolated linear model (blue) and generalized additive 1008 
model (red) fit to data. P-values from the linear model are shown. D) Haplotype trajectories fit by 1009 
multinomial logistic regression for 6 haplotypes (right) present at >1% frequency in ancient and modern 1010 
West Eurasians. Structures with the ancestral 3 total amylase copies (anc/del) are distinguished from 1011 
duplication-containing haplotypes with ≥5 amylase genes (dup). E) Posterior density of the selection 1012 
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coefficient for dup haplotypes over the last 12,000 years estimated from ApproxWF (mean 0.022, 1013 
indicated by dotted line, no estimates ≤ 0 were observed in 1,000,000 MCMC iterations). Inset are binned 1014 
observations of dup versus anc/del haplotype frequency trajectories. F) Frequency and selection 1015 
coefficient trajectories for dup haplotypes and their 95% credible interval estimated from bmws. G) 1016 
Posterior distribution of the selection coefficient and the time of selection onset based on the ABC 1017 
approach. Red dashed lines mark the median of the distribution. H) The observed allele frequency 1018 
trajectory and the expected allele frequency trajectories from the top 1000 of all simulations and top 1000 1019 
of neutral simulations. 1020 
 1021 
 1022 

 1023 
Extended Data Figure 1 - Worldwide amylase subpopulation copy number diversity. A-C) Copy 1024 
number distributions of AMY1, AMY2A, and AMY2B in 147 modern human populations and four archaic 1025 
hominids. The size of each point is proportional to the proportion of individuals in the population with 1026 
that genotype. Diamonds indicate the subpopulation mean, red dashed lines indicate the continental 1027 
population mean, grey dashed lines indicate minimum and maximum subpopulation means.  1028 
 1029 
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 1032 
Extended Data Figure 2 - LD in different populations worldwide including 3,395 diverse diploid 1033 
human genomes. A) Heat maps of linkage disequilibrium (LD) for SNPs across a ~406 kb region 1034 
spanning unique sequences on either side of the structurally variable region of amylase (SVR) in different 1035 
populations from seven continental regions (Africa - AFR, America - AMR, Central Asia - CAS, East Asia 1036 
- EA, Oceania - OCN, South Asia - SA and Western Eurasia - WEA). B) LD decay over genomic distances 1037 
for groups with more than 100 samples, measured as the average R2 between SNP pairs on either side 1038 
of the SVR (i.e. 190 kb - 370 kb apart) binned into intervals of 20,000 bp, compared to identically spaced 1039 
SNPs in chromosome 1. C) PCAs for non-duplicated regions adjacent to the SVR according to different 1040 
continental regions using the distal (bundle 0) and proximal (bundle 1a) regions (see also Figure S7).  1041 
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 1047 
Extended Data Figure 3 - Reconstruction of the evolutionary history of amylase structural 1048 
haplotypes using proximal unique sequence. A) A time-calibrated coalescent tree from the proximal 1049 
non-duplicated region flanking the SVR (rightmost gray arrow in A until the recombination hotspot) across 1050 
94 assembled haplotypes (tree from the distal region in Fig. 3). The number next to each tip corresponds 1051 
to the structural haplotype that the sequence is physically linked to and the color of the circle at each tip 1052 
corresponds to its consensus haplotype structure (see inset structure tree). The copy numbers of each 1053 
amylase gene and pseudogene are also shown next to the tips of the tree. B) Ancestral state 1054 
reconstruction and mutation rate estimates for amylase gene copy number (archaic outgroups excluded). 1055 
Branch color corresponds to copy number. C) A PCA from 94 haplotype assemblies and 3,395 diverse 1056 
diploid human genomes from the proximal non-duplicated region flanking the SVR (PCA from the distal 1057 
region in Fig. 3). 1058 
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