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Fig. S1 Genetic architecture of Tibetans based on the 1,001 WGS data. A. Genome-wide PCA
plot of the 1,001 Tibetans and global populations. B. Estimation of variant sites versus reference
genome in Tibetans and representative global populations. C. Comparison of heterozygosity ratios
among Tibetans and other populations. D. Genetic divergence (estimated by pairwise Fsr) between
the Tibetan populations and world-wide populations. Tibetan: the 1,001 Tibetans in this study;
Tibetan*: the 33 Tibetans from the previous study (Deng et al. 2019).
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Fig. S2 Tibetan SV analysis based on the 1,001 WGS data. A. Distribution of SV quality (QUAL)
by SVTyper. QC of SVTyper was conducted by QUAL > 10 (dashed line). B. SV counts from
various filters by Paragraph and SVTyper. The SV numbers passing QC by Paragraph and SVType
are denoted as PASS p and PASS s, respectively. C. The SV frequency spectrum of all identified
SVs. D. Functional annotations of the 9,508 SVs.
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Fig. S3 Evaluation of HWE and imputation efficiency using 1IKTGP. A. Correlation between
depth and MQ (mapping quality) of the whole-genome SNV underlying different HWE deviations
in the 1,001 Tibetans. The pattern reveals that those SNVs with extra-deviation of HWE have good
quality with high MQ and depth. B. The correlation of DAF of the EPASI SNVs from the 1,001
Tibetan WGS data and from the 3,008 Tibetan array data imputed by 1KGP3. C. The correlation of
DAF of the EPASI SNVs from the 1,001 Tibetan WGS data and from the 3,008 Tibetan array data
imputed by IKTGP.
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Fig. S4 Genomic signatures of positive selection in Tibetans. The distribution of the top 10
TSNGs in Tibetans were marked in red (newly-identified genes) and blue (reported genes) dots.
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Fig. SS Distributions of frequency difference of the 9,508 SVs between Tibetans and other
populations (lowlanders). The newly identified Tibetans-enriched SVs (TESVs) in this study and

the previously reported TESVs were marked in red and blue, respectively.
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Fig. S6 The results of archaic introgression in Tibetans. A. The ratios of Denisovan and Neanderthal
introgression ratios in Tibetans by ArchaicSeeker 2.0; B. The ratios of Denisovan and Neanderthal
introgression ratios in Tibetans by SPrime. C. The Venn diagram showing the identified
introgression regions in the Tibetan genomes, detected by two commonly use tools, and their
overlaps with the192 TSNGs. Only 5 positively selected genes show archaic introgression; D. The
genome-wide match rates with the archaic hominins. The plot shows the putatively archaic
introgression in EPAS1 and the density distribution of the match rate to Denisovans or Neanderthals,
inferred by the SPrime program using Africans (YRI) as the outgroup (left panel). The 5
introgression regions overlapped with the positively selected genes (right panel), and the labels of

the segments (with “-U/C/D”) correspond to upstream, core and downstream of the gene regions.



A EPAST B EGLN1

204 {100 =
- rs76347095 . rs186996510 Rl
8 o * g
o 2 o :
Q § Q g
o 3 o H
n H e I
2] g [42] 2
g e
2
H
=
FRKCE~ Easis, TMEMMT-  —PGF Socsi-
1OCTOIELS401~  FHOO= LWCOf 34— e TRIMOT~  ~EXOCE - SNRFDZRZ Disci—
—AIPBYIE uncorig—=) Ry “tocysars sPRTN- Tstax-- ~ojsc2
~Locipgsoste —FAMBIA ~Cetan ~SEGL) TSNAX-DISGT =
CRIET— 1152 Gt~ ~Lingoose?
T T T T T — = T = T
462 464 466 468 47 212 2314 216 2318 232
Positian on chi2 (Mb) Position on chri (Mb)
HLA-DQB1 BICDL1
15 100 12 100
° rs10g3318 z rs6490280 ‘ 7
o g 10 % o8 4
2 ]
3 = o os |80
(75 S 2 = m 04 2
o H 3 se o o2 3
= g %] @ @
o w g
= E
0 ]
|PPTIEGRS S HOGZ  HLADRE +iLi0GD]  +HLA-DOB +HU-OMS ~HLADALI
(EGFLS- OO HLADRA—  +HLADREI  MADOAZs +TiP1 <HUA-DMA  HLA-DPBI—
-AveATT g2 —HADREE - MRHIE  LOGIOTZR s HuA-DpEe-~]
wsr2t HLA-DaAT~ —mez anpe~ HoB2i
RuFS—r | OG191929180+, HLA-DQET-AS 1+ «pgums +-rea-0on |Gooce—  prxasi~ BCOL=, mOENT SR —pSI ~TRAPT
RGP~ ~HLA DGE2 - COLTTAZ, THEMZ33—~ =T B3 —RELPD SIRTI~ cangar—~
HIRGEI~ PEMBA-AST~ < HiRiF < MR4458 ~PLAZGIE  GATG-
= nceR Feup—~ PN=AS T ~SRSFS)
-z oL~
~gPsua —wray|
T T T T T T
a2z 24 226 28 3 120 1202 1204 1208 1208
Fosilion on chi (Mb) Rosiion on chriZ (14b)
- rs5758268 ™

rs6117562
|

CMS Score
qpuHE) s uoneuqueE
CMS Score
(NN BIE: LONBUIGUIOOSY

[s-Ceoms~ 01070 = g —aNeRTe eI P
2g0HEI+ CSMGAT  -SRXN FAMIIGA>  +RSPOS  +L0CIQSITI4VI «SLCEBATY ROX! = «SNORDIAD LM77 ZCIHTBe < TOBE <-FOLRIN XRCCE—
< NRSNE-AST +8gRT2  TMEMTIS —tagazas MRIZIT= - CHADL TEF <FHFSA  CSOCI  -SNUT
sog2e Canatanz- g1 o —RANGAP! 20022 e |
RS2+ RAD21L1 | XPNPERS~ —ERIG-AST +LOCIDEITIN
TRigI~ - onATET Pa— wpEsH
RBGY ’ ' ™ o
T T T T T T =
04 08 08 1 12 412 414 418 48 42
Pesition on chr20 (Mb) Pasition on chr22 (Mb}

Fig. S7 Regional plots of the CMS scores and recombination rates of six TSNGs in the top 10
list with previously reported selective signals. (A-F): EPASI, EGLNI, HLA-DQBI, BICDLI,
SLC52A43 and L3MBTL2. The SNV ID and the p values of the most significant peak SNVs are
labeled. The LD (measured by r?) between the peak SNV and the other SNVs were estimated using
the 1KGTP haplotypes, and coded in colors.



Tissue Samples NES p-value
@ Spleen 227 0834 46e-26
Cells - Cultured fibroblasts 483 0821 2.1e-82
® Cells - EBV-transformed lymphocytes 147 0789 20e-13
Brain - Cortex 205 0797 17e-22
® Esophagus - Muscularis 485 0.782 5.3e-57
® Adipose - Subcutaneous 581 0769 58e-74
Adipose - Visceral (Omentum) 489 0760  3.4e-56
@ Artery - Aorta 387 0.756 1.3e-28
@ Esophagus - Mucosa 487 0.754 1.4e-53
@ Artery - Tibial 584 0754 28e-74
Brain - Cerebellum 209 0753  4.0e-18
® Esophagus - Gastroesophageal Junction 330 0.747  9.7e-36
@ Adrenal Gland 233 0.746 1.4e-26
@ Pancreas 305 0743 3.5e-32
Artery - Coronary 213 0732 4.3e-20
Pituitary 237 0726 38e-25
@ Breast - Mammary Tissue 3% 0712 1.7e-41
@ Thyroid 574 071 1.7e-66
Stomach 324 0.701 2.7e-36
Muscle - Skeletal 708 0689 1.3e-84
Nerve - Tibial 532 0675 1.7e-57
® Skin - Sun Exposed (Lower leg) 605 0668  1.3e82
Calon - Sigmoid 318 0867 3.8e-32
® skin - Not Sun Exposed (Suprapubic) 517 0666  3.0e-50
® Vagina 141 06865  1.4e-22
@ Heart - Atrial Appendage 3n2 0651  1.28-42
Brain - Cerebellar Hemisphere 175 0650 17e-15
® Uterus 128 0816 36e-13
Prostate 221 0815 3.7e-20
Lung 8§15 0815  3.7e-49
Brain - Frontal Cortex (BAS) 178 0603  9.9e-16
Minar Salivary Gland 144 0588 9.1e-12
Liver 208 0583 1.5e-15
Ovary 167 0578  3.9e-18
Brain - Anterior cingulate cortex (BA24) 147 0.552 3.2e-13
@ Heart - Left Ventricle 388 0545 23e-33
Brain - Substantia nigra 14 0488 579
Brain - Amygdala 129 0429 1.6e-10
Brain - Hippocampus 165 0426 1.0e-11
Kidney - Cortex 73 0411 7.7e-8
® Colon - Transverse 368 0.405 9.2e-34
Brain - Spinal cord (cervical c-1} 126 0390 67e-8
Brain - Putamen (basal ganglia) 170 0383 4.de-12
Brain - Hypothalamus 170 0379 45e9
@ Small Intestine - Terminal lleum 174 0344  6.3e-13
@ Whole Blood 870 0.337 3.2e-18
Brain - Caudate (basal ganglia) 194 0331 1.2e-11
Brain - Nucleus accumbens (basal ganglig02 0307 24e-11
Testis 322 0136 6.6e-9

m-value
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
0.882
0.00

@
=]
T
I
Y
—
=
(=]
]
©
L
@
£
-
g
E]
£
w
=3

NES
rs1627608

Single-tissue eQTL NES (with 95% CI)

60

5

Single-tissue eQTL p-value
versus Multi-tissue Posterior Probability

o]

02 0.4 06 08

m-value (Posterior Probability from METASOFT)

Fig. S8 The eQTL map of the top TSNSs rs1627608 in SANBR based on the GTEx database.
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Fig S9. The PloyGraph diagrams of the trait-associated variants that show patterns of polygenic
selection on the HGB level in Tibetans. A. The diagram for all the trait-associated variants (2,031

SNVs, including EPASI); B. The diagram of the trait-associated variants by excluding the EPASI
variants (2,024 SNVs).



2 X
_ 2 - £
MTHFR r PPARA LS |
T 4 F, 40 T F, os g
El s Fos 2 st 05 S
g i Io- | S
3 rs1801133 02| 50 8 & - ___ 134253785 _ _ _ _ __ N T Iy - iit g
= - z £ 1 . R I 3
8 : £, el L, £
2 g
E &
rZ i
g EREIS fos 0 §
z S B
3 T2 Qoo 44253785 __ _ ___ J__ﬂl___ﬂ_z_ 0 E
] = ) - (Al H
3 e
£ £
= =
B Lt} E 4 r2 :
37 XPEHH Bos g | XPEHH Eos [0 7
2 [a"f 3 lu“? 3
) S Fl?—olljiT 7777777777777 i P22 12 4253785 jl ) Jhg Serrw g
- [ o B | e I ety =il [ S PNy
"o W 2ee Bimaioti Z)Cam N0y 0 8 g (,‘l‘ ! NI T, 8
& q
g £
g 2 g
z 5 4 ADAF B 702
3 4 ADAF g i H g
3 rs1801133 100 O 3 Ep 154253785 1l 20 3
&2 _ .. | = eoo rope @R = - - g O it - Dy, - ik Bt i 153 Ae@e 20 3
= Ao ol B of g g @ n | % 3
g It ’ e il L L B . E T A £l
0 3 . : 1 g o 400 0 3
JButAD DISPgr  FgXOz  ClofigT~ < KIAZOTS Milf—~  MIR7FES6 ~ E ATRNTO > < WNT78 < PRRA4  FPARA » GTSET = GRAMDA » g
LINCO{E47 = AGTRAP ~ = NPPA PLOQJ =  TNFRSFE -  VPSI3D - ' o
FBXO44 —~ —MIHFR M.ﬂflg.— TNFRSF.J"B - MIRaT62 LOC?JUEG& - "C[’)PFI TR’h‘ijﬂ
FBXQE ~ CLEJ!E- MIRE729 —~ MIR4632— (IW.(UOBQQ 'P)'.(DREJ .‘m"’ 9E‘LSR1 .
- MﬁDZLZ NPPA-A;S’ - PRAZLAST > s -
DRAXIN — — NPPE . -
“ LOG?lﬂ2724559
: : : .
T
14 116 1.8 12 122 46.2 46.4 466 46.6 47
Position on chr1 (Mb) Paosition on chr22 (Mb)

Fig. S10 Natural selection test of MTHFR (A) and PPARA (B). No significant positive selection
signals in these two genomic regions are detected.
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Fig. S11 Natural selection test of the two previously reported TSNGs: VDR (A) and DNMBP (B).

The significant thresholds for each statistic are marked in red dashed lines.



