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Figure 3 - Evolutionary history of amylase structural haplotypes. A) Heat map of linkage
disequilibrium (LD) for SNPs across a ~406 kb region spanning unique sequences on either side of the
structurally variable region of amylase (SVR) for 802 West Eurasians (WEA) (see Extended Data Fig.
2A for all populations). Schematic of GRCh38 structure and recombination rate are shown below. Note
that regions outside of the annotated recombination hotspot have recombination rates lower than 0.2
cM/Mb. B) Boxplots comparing LD between pairs of SNPs on either side of the SVR (i.e. 190 kb - 370 kb
apart) to identically spaced SNPs across chromosome 1 for major human populations with more than
100 samples (see Extended Data Fig. 2B for LD decay over genomic distances). C) A time-calibrated
coalescent tree from the distal non-duplicated region flanking the SVR (leftmost gray arrow in A) across
94 assembled haplotypes (tree from the proximal region in Extended Data Fig. 3). The number next to
each tip corresponds to the structural haplotype that the sequence is physically linked to and the color of
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the circle at each tip corresponds to its consensus haplotype structure (see inset structure tree). The
copy numbers of each amylase gene and pseudogene are also shown next to the tips of the tree. Asterisk
(*) indicates the single, recent origin of the premature stop codon in AMY7. D) Ancestral state
reconstruction and mutation rate estimates for amylase gene copy number (archaic outgroups excluded).
Branch color corresponds to copy number. E-G) lllustrations of the most recent AMY2A gene duplication,
the complete loss of AMY2A gene, and the sequential and joint duplication of AMY2A and AMY2B genes
(shaded in gray in C). H) A PCA from 94 haplotype assemblies and 3,395 diverse diploid human genomes
from the distal non-duplicated region flanking the SVR (PCA from the proximal region in Extended Data
Fig. 3). In the left column diploid genomes are shown in gray while assembled haplotypes are colored
and sized by their haploid amylase copy number. In the right column assembled haplotypes are hidden
and diploid genomes are colored by their diploid copy number. 1) Boxplots comparing  calculated in 20
kbp sliding windows across the distal non-duplicated region adjacent to the SVR for major continental
human populations with more than 100 individuals.


https://doi.org/10.1101/2024.02.07.579378
http://creativecommons.org/licenses/by-nc-nd/4.0/

39
20

21
22
33
24
25
26
27
28
29
)0
)1
)2

bioRxiv preprint doi: https://doi.org/10.1101/2024.02.07.579378; this version posted June 13, 2024. The copyright holder for this preprint
(which was not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is made

available under aCC-BY-NC-ND 4.0 International license.

A variation graph <pangenome graph nodes> C
RN - oo
-> short read coverage —CE\QW
e ———————————————————————
‘1) | fG X‘”‘ n2 comparisons ofo 012 of4
qEA
<pangenome graph nodes> <pangenome graph nodes> A
O aEERERERE 1, e O ] ,, oss Tl
WE
CEANI 5 (5 (5 (o o7+« M —>H1’H3| T e |—> Y 02 04
<1 N nxn genotypes e
pangenome haplotype coverags (n) H"/Hnl N 15 51 &~ "
synthetic genotype coverage (n?) scores =0
B 0.0 0.2 04
Hi@ PY RPN
|:“>::>}i>ﬁ>{>- B
B
3 ne 1> 1 _Em
':>E>’C>ﬁ>b-)l>ﬂ<»— A T T
M > 1D i 0.0 0.2 0.4
|:‘>E{>)E{>ﬂ>{)»<}{«>b»<}{«]>{)»— —OCN
w1 LSBRES) w1 -E’?D@
‘::>C:>}f>ﬂ>b-<“ﬂ<»<“«l>bﬂ“w-— )
> 0.0 0.2 0.4
:>E>ﬁ>ﬁ>b-><«-4<l-><l1<-1<»<ﬂ<-4<l-><l(4-l>t—r > s
H2A0 < & R
[ —— = P R =
H3A2 a1 2 i< e sl T T
e S << D e—)> 0.0 0.2 04
H4A2 e > e g 1w . ==
D e <<€ (D> e——)> -A@ﬁﬂﬁ
H2A2B2 %o i w1 :E‘Rs I I
DD e e—)> 00 02 0.4
H3A3B3 2o e RS vo o -
DEROD m> DEPO D ) e—)> A
-fi&ﬁ
H4A2B2 > 10> > > i = Wea
® AFR
[——pr i 2= 2R e T T T
0.0 02 04
D T
0.5 g“p
> A
s 00 02 04
;.)o.a— -@f‘?
"i') 0.2 g
:% 011 . 00 0.2 0.4
0.0 | || - — — 1 . géa
H3" H5 H12 H7 H2A0 H4A2 H4A2B2 H9 H2A2B2 H3A3B3 i
00 02 04

Agriculture [l Fishing/Hunting/Pastoralism

Figure 4 - Inference of complex structural haplotypes from short-read data. A) A schematic of the
haplotype deconvolution approach to infer the pair of structural haplotypes present in a short-read
sequenced individual. 1) A set of assembled haplotypes are mapped to a variation graph and coverage
vectors are quantified over all nodes of the graph. 2) Synthetic genotype vectors are constructed from
summing all pairs of haplotype vectors. 3) A short-read genome is mapped to the variation graph and
read depth is quantified over all nodes in the graph. 4) The short-read coverage vector is compared to all
synthetic genotype vectors and scored (5) to identify the most likely haplotype pair present in the short-
read sequenced individual. B) Consensus haplotype structures. C) Structural haplotype frequencies
across continental populations in 3,594 diverse humans (7188 haplotypes). D) Haplotype (allele)
frequencies in individuals with traditionally agricultural subsistence compared to fishing, hunting, and

pastoralism based diets.
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Figure 5 - Recent selection at the amylase locus in West Eurasia. A) Locations of 533 West Eurasian
ancient genomes from which amylase copy numbers were estimated. Inset shows the estimated ages of
these samples. B) The distribution of AMY1, AMY2A, and AMY2B copy numbers in ancient and modern
populations of West Eurasia. C) Copy number genotypes plotted as a function of age overlaid with a
smooth generalized additive model fit. Inset shows isolated linear model (blue) and generalized additive
model (red) fit to data. P-values from the linear model are shown. D) Haplotype trajectories fit by
multinomial logistic regression for 6 haplotypes (right) present at >1% frequency in ancient and modern
West Eurasians. Structures with the ancestral 3 total amylase copies (anc/del) are distinguished from
duplication-containing haplotypes with 25 amylase genes (dup). E) Posterior density of the selection
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coefficient for dup haplotypes over the last 12,000 years estimated from ApproxWF (mean 0.022,
indicated by dotted line, no estimates < 0 were observed in 1,000,000 MCMC iterations). Inset are binned
observations of dup versus anc/del haplotype frequency trajectories. F) Frequency and selection
coefficient trajectories for dup haplotypes and their 95% credible interval estimated from bmws. G)
Posterior distribution of the selection coefficient and the time of selection onset based on the ABC
approach. Red dashed lines mark the median of the distribution. H) The observed allele frequency
trajectory and the expected allele frequency trajectories from the top 1000 of all simulations and top 1000
of neutral simulations.

Papuan (15) T RS | BantuKenya (12) JuhoanNorth (4) = =, oomali (1) 147 °°° |
Hawaiian (1) ! § ! KhomaniSan (2) KhomaniSan (2) - —anuKenya ( RS !
Dusun (2) L B i Gambian (115) Luhya (101) . = Gamoan (1 i |
Australian (1) © H L OCN Yoruba (129) Yoruba (129) 2aMusSouthAlrica I |
Burmese (2) H ] - ! Esan (101) Mende (87) - - Mandenka ( !
Ami (2) | I Biaka (26) Esan (101) - - - —"& = |
Norlhe;‘nH:n (1(0; : Q : SaharLa:g :g; ,,,,,, :
ezhen (9) s 28 y | Maa@---"=7 o5 & | o@- - - -gos i
Japanese (132 o Biaka (26) - T, |
” Na(xl (9)) : o : AFR BantuHerero (2) - == Tswana | AFR
Tujia (10) $ ¢ : Bougainville (13) Georgian (2) - ~ - o 1K § b
Cambodian (10) Il 2 o I Maori (1) Abkhasian (2) - - - = =0 :
She (10) | S8 ! Hawaiian (1) Turkish (2) — - aestnian t H
Yi (10) } @ 33 | Australian (1) OCN IragiJew (2) - =0 -eseal !
Thai (2) ] o | Madiga (2! Crete (2) - — —g oo~
Atayal (1) Orogen (9) ] - 8‘ = | EA pﬁiﬂ?e&i Armenian (2) - - - V- :
Mala (2) I ! § I Brahui (25) Bergamoltalian (12) - - = =°-%_ I
Brahmin (2) : i : Makrani (25) Tuscan (115) - — — o =7 :
Irula (2) | .8 | Punjabi (100) Mozabite (27) - — — Y3y i
Pathan (24) i 3 i Sindhi (24) Basque (24) - - -pIoets i
Burusho (24) ! }oo I Bengali (88) Orcadian (15) - — — == - :
Balochi (24) ' 3 : Mala (2) CEU(99) - — &, -2 !
STU (101) | | KhondaDora (1) Finnish (102) - - == &' = H
Makrani (25) I 1 Irula (2) French (27) = =, = = = '= I
Bengali (88) - - - : | Brahmin (2) SA Spanish (2) !
Sindhi (24) I ! | ACB (96) Saami (2) |
Kalash (23) L I L SA PEL (85) Nfrw‘eg\dan (;) :
Pima (14) | IR Zapotec (2) CeGarneelﬁ 22; |
PEL (85) ¢ ¥ = ¢! Piapoco (2) Czech (1) i
Karitiana (12) = Mixe (3)
Mixtec (2) s o 8 i Kariiana (12) Aloanian (1 L WEA
Mayan (21) P8 1 Colombian (99) Madiga (2) :
Colombian (99) ; é ! Quechua (3) AMR EFs,a\ﬁg;‘. g:; 4
Chane (1) | rdanian a i
e 5 ho°8 - Engion & Punabi (100 1
Norwegian (1) I I Palestinian (46) Y :?’U (102) !
Polish (1) | 1 NorthOssetian (2) Bengali (88) i
English (2) | | Iranian (2) gReHl ® :
Sardinian (27) 1 | Bulgarian (2) Kusunda (2) H
Druze (42) b ! 3ergamoltalian (12) K 1
| I alash (23) 1
Iranian (2) I | Mozabite (27) Brahmin (2) ! SA
Bulgarian (2) 1 | Tuscan (115) T
Palestinian (46) ! ! Sardinian (27) ASW (61) g 9
Mozabite (27) : 1 Russian (25) ACB (96) - — -~y 'Tea ¢
Russian (25) I | Spanish (2) Colombian (99) - - - -'"2-2 \
Basque (24) I I Polish (1) Surui 8) - - -~ & = I
Lezgin (2) | ! Norwegian (1) Pima (14) - - -5 2 = !
Georgian (2) A | Hungarian (2) Mixtec (2) - - - =5 = |
Orcadian (15) 1 1 Czech (1) Mayan (21) - — g qena T 1 AMR
CEU (99) ! ! Albanian (1) Chane (1) - — —"="="2" L
Turkish (2) | 1 CEU (99) PapuanSepik (2) - SougaInville (13) 1
Armenian (2) ) I French (27) Maori (1) — :
Samaritan (1) I | Saami (2 Hawaiian (1) - |
Czech (1) : : Estonian (2) WEA Australian (1) OCN
Abkhasian (2) | | Burmese (2) Daur (10)
o 6] fs : WEA Lahu (8) Yi (10)
Tubalar (2) I NorthernHan (10) Tujia (10)
Mongolian (10) ° ‘ | Kinh (101) Thai (2)
“En @) 2 e Han (136) Orogen (9)
Mansi (2) [ ] ' Xibo (9) Naxi (9)
Aleut (2) | 1 Thai (2) Lahu (8)
) 8 : v tnan
Esklmocr:plln (1) : = : CAS Dai (102) CHS (105)
B asai (2) | (52 | Miao (10) Burmese (2)
a"‘“aeb’ﬁf"“(i; 1 | 1 Orogen (9) " l:xrtnzz(g
utl I 1 faKul
JuhoanNorth (4) ! g ! De’#ﬁﬁgﬁ };; ; Tubalar (2)
Esan (101) | | Yakut (25) 3 ° Mongolian (10)
Mandenka (23) ! ! Mansi (2) Kyrayz (2)
Sahara (3 Pg : bai ) Eskimoniauken (2
aharawl Tubalar (2] skimoNaukan
BamuTstanla E‘z; i °§ i Ar n‘éﬁ::n 51; Ch%ch; E; ;
omalt L Chukehi (1) leu
Denisova (1) ARC EskimoChaplin (1) Denisova (1)

2345678 91011121314151617181920

AMY1

Extended Data Figure 1 - Worldwide amylase subpopulation copy number diversity. A-C) Copy
number distributions of AMY1, AMY2A, and AMY2B in 147 modern human populations and four archaic
hominids. The size of each point is proportional to the proportion of individuals in the population with
that genotype. Diamonds indicate the subpopulation mean, red dashed lines indicate the continental
population mean, grey dashed lines indicate minimum and maximum subpopulation means.


https://doi.org/10.1101/2024.02.07.579378
http://creativecommons.org/licenses/by-nc-nd/4.0/

31
32

33
34
35
36
37
38
39
10
11
12
13
14
15
16

bioRxiv preprint doi: https://doi.org/10.1101/2024.02.07.579378; this version posted June 13, 2024. The copyright holder for this preprint
(which was not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is made

AFR (n=609

AMY left flank (bundie 0)

available under aCC-BY-NC-ND 4.0 International license.

Average R?
o
n

o

O
o

==

200000 250000 300000
binned distance (bp)

350000

region
— AMY
- chrl

Superpopulation
AFR

— AMR

— EA

— sA
WEA

AMY right flank (bundle 1a)

9 i ° *
& 0.0251 =, 808 R 0025 . & oo |
< / o.: ’g,....: %‘ <t . & ° .3
T 0.000 ===t -:-g velq W | T 0.0007 @it e “Sz} e
O L R PR Y O I N AN
- «° ¢ e, @ 2%
& -0.025 ‘e 0 -0.025- ’ -8
Y *

-0.03-0.02-0.01 0.00 0.01 0.02 -0.03-0.02-0.01 0.00 0.01 0.02

PC1 (42.9%) PC1 (52.2%)

Superpopulation - AFR ¢ CAS + OCN WEA « AMR + EA -+ SA

Extended Data Figure 2 - LD in different populations worldwide including 3,395 diverse diploid
human genomes. A) Heat maps of linkage disequilibrium (LD) for SNPs across a ~406 kb region
spanning unique sequences on either side of the structurally variable region of amylase (SVR) in different
populations from seven continental regions (Africa - AFR, America - AMR, Central Asia - CAS, East Asia
- EA, Oceania - OCN, South Asia - SA and Western Eurasia - WEA). B) LD decay over genomic distances
for groups with more than 100 samples, measured as the average R2 between SNP pairs on either side
of the SVR (i.e. 190 kb - 370 kb apart) binned into intervals of 20,000 bp, compared to identically spaced
SNPs in chromosome 1. C) PCAs for non-duplicated regions adjacent to the SVR according to different
continental regions using the distal (bundle 0) and proximal (bundle 1a) regions (see also Figure S7).
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Extended Data Figure 3 - Reconstruction of the evolutionary history of amylase structural
haplotypes using proximal unique sequence. A) A time-calibrated coalescent tree from the proximal
non-duplicated region flanking the SVR (rightmost gray arrow in A until the recombination hotspot) across
94 assembled haplotypes (tree from the distal region in Fig. 3). The number next to each tip corresponds
to the structural haplotype that the sequence is physically linked to and the color of the circle at each tip
corresponds to its consensus haplotype structure (see inset structure tree). The copy numbers of each
amylase gene and pseudogene are also shown next to the tips of the tree. B) Ancestral state
reconstruction and mutation rate estimates for amylase gene copy number (archaic outgroups excluded).
Branch color corresponds to copy number. C) A PCA from 94 haplotype assemblies and 3,395 diverse
diploid human genomes from the proximal non-duplicated region flanking the SVR (PCA from the distal
region in Fig. 3).
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