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Figure S1. Regional association plots of identified loci in the current study, Related to Table 1

The calculated r? with the lead SNP in the 1KG Phase 3 East Asian (EAS) population are shown in color.
The gray plots indicate the lead SNP or the corresponding SNP was a monomorphic variant.
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Figure S2. Regional association plots of identified loci in the current study, Related to Table 1

The calculated r? with the lead SNP in the 1KG Phase 3 East Asian (EAS) population are shown in color.
The gray plots indicate the lead SNP or the corresponding SNP was a monomorphic variant.
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Figure S3. Regional association plots of identified loci in the current study, Related to Table 1

The calculated r? with the lead SNP in the 1KG Phase 3 East Asian (EAS) population are shown in color.
The gray plots indicate the lead SNP or the corresponding SNP was a monomorphic variant.
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Figure S4. Regional association plots of identified loci in the current study, Related to Table 1

The calculated r? with the lead SNP in the 1KG Phase 3 East Asian (EAS) population are shown in color.
The gray plots indicate the lead SNP or the corresponding SNP was a monomorphic variant.
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Figure S5. Regional association plots of identified loci in the current study, Related to Table 1

The calculated r? with the lead SNP in the 1KG Phase 3 East Asian (EAS) population are shown in color.
The gray plots indicate the lead SNP or the corresponding SNP was a monomorphic variant.
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Figure S6. Regional association plots of identified loci in the current study, Related to Table 1

The calculated r? with the lead SNP in the 1KG Phase 3 East Asian (EAS) population are shown in color.
The gray plots indicate the lead SNP or the corresponding SNP was a monomorphic variant.
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Figure S7. Regional association plots of identified loci in the current study, Related to Table 1

The calculated r? with the lead SNP in the 1KG Phase 3 East Asian (EAS) population are shown in color.
The gray plots indicate the lead SNP or the corresponding SNP was a monomorphic variant.
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Figure S8. Regional association plots of identified loci in the current study, Related to Table 1

The calculated r? with the lead SNP in the 1KG Phase 3 East Asian (EAS) population are shown in color.
The gray plots indicate the lead SNP or the corresponding SNP was a monomorphic variant.
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Figure S9. Regional association plots of identified loci in the current study, Related to Table 1

The calculated r? with the lead SNP in the 1KG Phase 3 East Asian (EAS) population are shown in color.

The gray plots indicate the lead SNP or the corresponding SNP was a monomorphic variant.
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Figure S10. Regional association plots of identified loci in the current study, Related to Table 1

The calculated r? with the lead SNP in the 1KG Phase 3 East Asian (EAS) population are shown in color.
The gray plots indicate the lead SNP or the corresponding SNP was a monomorphic variant.

Annotation key

A Nonsynonymous
o Synonymous

& Stopgain
o Stoploss

& Nonframeshift insertion
* Nonframeshift deletion

® Frameshift substitution
x Frameshift insertion

+ Frameshift deletion
e Other

4-Hydroxyproline

25

—log1o(p—-value)

rs3761097
N

MAG— —KRTDAP RBM42— LIN37— APLP1— < SYNE4 TBCB—
H H W W - .
CD22—  «—DMKN  ETV2— < HSPB6 < NFKBID <~ CLIP3 < COX7A1
i - 4 i w i f
MIR5196— < SBSN COX6B1— < PRODH2 LRFN3— WDR62— ZNF146—
FFART— GAPDHS—  ZBTB32—~ KIRREL2— <~ ALKBH6 ~— ZNF565
i i = v i
I I I I I
35.8 36 36.2 36.4 36.6
Position on chr19 (Mb)
Fucose
rs1047781
500 — A
<400 —
=
[}
> 300
Qo
2
©200 |
o .
]
100 K -
[
0 — |
< CARD8 GRIN2D—  SULT2B1— FUT2— < PLEKHA4 RUVBL2— < HRC
h bt i H ) o f
LOC100505812— < LMTK3 SPHK2— < FUT1 < TULP2 <LHB LIN7B—
: e " A 4 ] 4
ZNF114— GRWD1— < FAM83E < IZUMO1 NUCB1— < CGB PPFIA3—
b W " . at v fi-a
<« CCDC114 KCNJ14— SPACA4— FGF21— < NUCB1-AS1 < NTF4
] ' ! : f \
1 1 1 1 1
48.8 49 49.2 49.4 49.6
Position on chr19 (Mb)
Proline
rs4269009
120 'y
—~100 B
E .
? 80
o
2
[=2]
o
T

—MICAL3 TUBAS8— < GGT3P DGCR6—  <—DGCR2 < CLTCL1
— o ] (] [kl gl e
— MIR648 UsP18— — PRODH <~ DGCR14
i e i -
FLJA1941— DGCR5— TSSK2—
A i) '
PEX26— DGCR9—~ ~GSC2
" ' i
I I I I
18.6 18.8 19 19.2

Position on chr22 (Mb)

~— HIRA
[

194

— 100

(Q/INo) erel uoneulIqIodeY

26 genes
omitted
100
o
8
80 3
=3
>
60 2
o
=}
40 2
@
o
20 =
<
)
0
32 genes
omitted
100
80
60

(QN/INO) 81eJ UolBUIqWODaY

4 genes
omitted

—logqo(p-value)

—logo(p-value)

—logqg(p-value)

60
50

Pipecolinic acid

- rs3761097 2
A

. 0.6/

MAG— < KRTDAP RBM42— LIN37— APLP1— <—SYNE4 TBCB—
fu . » w - . [

CD22— < DMKN  ETV2— <—HSPB6 <—NFKBID <—CLIP3 < COX7A1
[ - ' v " " '

MIR5196 —
h

FFART—
i

<~—SBSN COXéB1— <—PRODH2 LRFN3—
" w " "

WDR62—  ZNF146—
e W

GAPDHS—
"

ZBTB32— KIRREL2— < ALKBH6
O - "

<~ ZNF565
e

[
35.8

[ [ [
36 36.2 36.4
Position on chr19 (Mb)

2-Oxoglutaric acid

[
36.6

rs6124830

CD40—
"

< CDH22
o

< SLC35C2 < ZNF334 < TP53RK
m " f

<« ELMO2 < OCSTAMP SLC2A10—
e W e
<—ZNF663P < SLC13A3
' e —

< MKRN7P
'

EYA2—

448

T T T
45 45.2 45.4
Position on chr20 (Mb)

Creatinine

45.6

22:37463858

b

37

~—CACNG2 < IFT27
B »m

~—PVALB ~—TEX33 <IL2RB
. o n

NCF4—  <=TST  —CIQTNF6
(- A "
LL22NCO1-81G9.3— ~SSTR3
' "
I I I
37.2 37.4 37.6

Position on chr22 (Mb)

CSF2RB— <—TMPRSS6 <—RAC2
Fom [ "

CYTH4—
rma

~—ELFN2
[y
~—MFNG
1

~CARD10
[

CDC42EP1—
I
I
37.8

100

80

(QU/o) oFel uoneUIGWOEY

26 genes
omitted

100

(qu/no) erel uoneulqIodBY

100

80

(QN/WD) Brel uoeuIqUWOdSY

3 genes
omitted



Figure S11. Matrix of metabolites and genes found to be associated, Related to Table 1
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Here, an "association" refers to a genome-wide significant association between a human metabolite and a gene.
Orange: Other associations have been reported for this metabolite, and no association has been reported for this
gene.

Green: No association has been reported for this metabolite, and other associations have been reported for this
gene.

Cyan: Other associations have also been reported for this metabolite, and other associations have been

reported for this gene, but as a pair it is novel.

Navy: This association between metabolites and genes has been previously reported.



Figure S12. Result of conditional analysis, Related to Table 1

The calculated r2 with the lead SNP in the 1KG Phase3 East Asian (EAS) population are
shown in color. The gray plots indicate the lead SNP or the corresponding SNP was a

monomorphic variant.
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Figure S13. Result of conditional analysis, Related to Table 1

The calculated r2 with the lead SNP in the 1KG Phase3 East Asian (EAS) population are
shown in color. The gray plots indicate the lead SNP or the corresponding SNP was a
monomorphic variant.
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Figure S14. Result of conditional analysis, Related to Table 1

The calculated r2 with the lead SNP in the 1KG Phase3 East Asian (EAS) population are
shown in color. The gray plots indicate the lead SNP or the corresponding SNP was a
monomorphic variant.
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Figure S15. Result of conditional analysis, Related to Table 1

The calculated r> with the lead SNP in the 1KG Phase3 East Asian (EAS) population are
shown in color. The gray plots indicate the lead SNP or the corresponding SNP was a
monomorphic variant.
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Figure S16. Result of conditional analysis, Related to Table 1

The calculated r2 with the lead SNP in the 1KG Phase3 East Asian (EAS) population are
shown in color. The gray plots indicate the lead SNP or the corresponding SNP was a
monomorphic variant.
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Figure S17. Result of conditional analysis, Related to Table 1

The calculated r2 with the lead SNP in the 1KG Phase3 East Asian (EAS) population are
shown in color. The gray plots indicate the lead SNP or the corresponding SNP was a
monomorphic variant.

Annotation key

A Nonsynonymous ¢ Stopgain @ Nonframeshift insertion Frameshift substitution + Frameshift deletion
o Synonymous ® Stoploss  * Nonframeshift deletion  x Frameshift insertion s Other
Cysteinylglycine Crude result

B rs164752 100 2
100 ., 8
— 80 3
) o
3 g
g 60 =
i 5]
‘9_ 3
S 40
=4 @
T =)
20 <
=
0 £
Conditioned on rs164752
20 1579068217 - 100D
) g
5 15 ; 081 g 3
3 B =.
= 0.4 3
g - 60 2
] : 0.2 =
a 10 ) S
= o’z 40 Q
g 5 o L' . :
. e - o =
| ‘e = .: L ““ A e .o 20 %
Mm t =
0 - 0z
Conditioned on rs164752,rs79068217
10 2 100
08 rs1126464 s
@
8 — | °° . 80 8
— 04 3
) 0.2 =4
E 60 &
i 5]
8 3
S =
= o
! s
=
20 =
g
0
<~ MVD ACSF3— < ANKRD11 DPEP1— SPIRE2—
SNAI3-AST—  LINCO0304— SPG7— <« FANCA < DBNDD1
<~ SNA3 LOC400558— APLI3—~ TCF25—
~ ANF186 CDH15—~ SNORDE8— MCTR—
CcTU2— <= 5LG22A31 CPNE7— TUBB3—~ 11 genes
~— PIEZO1 ZNF778—~ = CHMP1A DEF8— omitted
— MIR4722 LOC100287035—~  SPATA33—  «— CENPBD?
LOG 100289560 —~ LOC101927817 — AFG3LIP—
LOC339059 —~ COK10—~ GAS8—
coTr— ~— SPATAZL <« C16orf3
I | I I
89 89.5 90 90.5

Position on chr16 (Mb)




Figure S18. Result of conditional analysis, Related to Table 1

The calculated r2 with the lead SNP in the 1KG Phase3 East Asian (EAS) population are
shown in color. The gray plots indicate the lead SNP or the corresponding SNP was a

monomorphic variant.
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Figure S19. Result of conditional analysis, Related to Table 1

The calculated r2 with the lead SNP in the 1KG Phase3 East Asian (EAS) population are
shown in color. The gray plots indicate the lead SNP or the corresponding SNP was a
monomorphic variant.
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Figure S20. Result of conditional analysis, Related to Table 1

The calculated r2 with the lead SNP in the 1KG Phase3 East Asian (EAS) population are
shown in color. The gray plots indicate the lead SNP or the corresponding SNP was a
monomorphic variant.

Annotation key

& Nonsynonymous
o Synonymous

¢ Stopgain
® Stoploss

@ Nonframeshift insertion
* Nonframeshift deletion

Frameshift substitution
x Frameshift insertion

+ Frameshift deletion
s Other

Conditioned on rs1047781,S|_BD_16640,rs60718055

rs5828359

—logg(p-value)

— 100

(q/wo) eres uoneuIquoDEY

Conditioned on rs1047781,S|_BD _16640,rs60718055,rs5828359

10 2 100
0.8 (j'.?
8 [ o6 - 80 3
0.4 o
— 3
4] 0.2 o
3 Y
$ 6 60 %‘
ke rs151070547 S
s . B
> 4 40 z
! =
=
2 20 =
c
0 0
EHD2— < CABP5 ZNF114— SULT2B1— < PLEKHA4 LIN7B— CD37— RCN3—
& 4 A e & k ; M
GLTSCR2— «— LIG1 EMP3— «— FAM83E <~ TULP2 PPFIA3— DKKL1— PRR12—
H s . 4 . fa ; 5
SNORDZ23— C190rf68— GRWD1— < NTN5 NUCBT— < HRC < TEAD2 < NOSIP
\ b " . K . G
SEPW1— < PLA2G4C SYNGR4— <—RPL18 PPP1R15A— TRPM4— < PTHZ < RRAS|
; T3 i ! 1 s . :
-— T!:’HXT -— %RDB KCNﬂM—- FU7;2—- DH.D.H—- -— SJ;_EBAM PHH"G.?—‘ 59 genes
CRX— LOC100505812— SPACA4— < NUCBT1-AS1 ~— MIR4324 SCAF1— omitted
< SULT2A1 ~— CCDC114 SPHK2 — BAX — ~— LOC101928295
" " " " H
SNAR-A13— — TMEM143 — DBP FTL— CCDC155— = IRF3|
i e c 0 H :
SNAR-A12— -— KDELR1 — CA11 ~— GYS1 GFY— ADM5—
i . ; 2 k '
SNAR-C1— GRIN2D— SEC1P— RUVBLZ — <— SLC17A7
I [
48.5 49 49.5 50

Position on chr19 (Mb)




Figure S21. Result of conditional analysis, Related to Table 1

The calculated r2 with the lead SNP in the 1KG Phase3 East Asian (EAS) population are
shown in color. The gray plots indicate the lead SNP or the corresponding SNP was a

monomorphic variant.
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Figure S22. Association between blood metabolite levels and the sum of genotype
dosage of the lead and additional SNPs in the same gene, Related to Table 1

beta = 0.58, p value = 6.6E-190 beta = 0.34, p value < 2.3E-308
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Figure S23. The region plots of identified loci in the meta-analysis with Tohoku Medical Megabank Organization (ToMMo),
Related to Table 1
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The calculated r? with the lead SNP in the East Asian (EAS) population (1KG Phase3) are shown in

color. The gray plots indicate the lead SNP or the corresponding SNP was a monomorphic variant.
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Figure S24. The region plots of identified loci in the meta-analysis with Tohoku Medical Megabank Organization (ToMMo),
Related to Table 1

The calculated r? with the lead SNP in the East Asian (EAS) population (1KG Phase3) are shown in
color. The gray plots indicate the lead SNP or the corresponding SNP was a monomorphic variant.

Annotation key A Nonsynonymous o Stopgain & Nonframeshift insertion = Frameshift substitution + Frameshift deletion

o Synonymous o Stoploss % Nonframeshift deletion  x Frameshift insertion e Other
2-Oxoisocaproic acid 2-Oxoisocaproic acid
12 7 =1k 100 a0 [ - - 100
rs144825998 r r rs671
. LX3 0.8 0.8 e s A . J
10 °
N . 08| 80 g 0.6 a . | 80 ?
. 0.4 8 30 o 0.4 . ]
—~ g L} 0.2 3 . 0.2 3
B g S =
3 He0 3 E 60 B
& 6 S & 20 S
3 = = S
2 F40 5 3 40 B
T 47 s T 5
£ 10 S
2 20 £ 20 £
c S
0 0 0 0
FAM222A— TC:LP» 4—0’1_2‘9#76 IFT81— ATP2A2— <—A5~PCS <—.P;P_‘TC7 «ﬂ.V_C.NI 8 gen es CUX2— < ATXN2 eﬂaﬂP A%» ADAI\:UA» EHP“‘ZS% THAFMEYﬂ 6 genes
< FAM222A-AS1  <-GIT2 eA.%PC7 RA'D“?_‘Eﬁ TC»II‘V'.I» omined MIR6760— ACAD10— MAF:_K&Z(S» <NAA25 <-HECTD4 omlned
\ \ \ \ \ T T T T T
110.2 110.4 110.6 110.8 111 111.8 112 112.2 112.4 112.6
Position on chr12 (Mb) Position on chr12 (Mb)
3-Methyl-2-oxobutyric acid 3-Methyl-2-oxobutyric acid
rs10014755 100 rs77768175 ¢ | 100
t' . - 15 . o M 0.8 -
30 — . :
80 8 ’ oi | 80 8
@ 2 ® 02 2
=) 5 = = 5
] 60 ® S 10 | 60 3
1 o I o
o S o S
e 40 & 3 -40 §
T s T 5 - s
= =
20 E 20 E
0 0
1BSP—> PRI < ABCG2 HERCE> <PIGY HERC3> 3 genes ALDH2-> < TMEM116 TRAFDI-> <FRPLE RPHSA=| 5 genes
MffE~> PKD2— el’lfiMK HE&EE,» <7NA'F1L5 Omined MIR6761— ERPM‘?Q% <—HECTD4 PTPN11— Omlned
\ \ \ I I T T T T T
88.8 89 89.2 89.4 89.6 112.4 112.6 112.8 113 113.2
Position on chr4 (Mb) Position on chr12 (Mb)
3-Methyl-2—-oxovaleric acid 3-Methyl-2—-oxovaleric acid
rs7660693 ¢ | 100 2 rs671 100
08 08 . A L
20 7 ' D 06 ° ‘. T
Q 0.4 o © 80 &
o] . <]
§ g_ ,q_:; 15 - 0.2 E‘
S | E 60 3
1 o I o
< 2 < 10 >
5 52 3 -0 3
T S T o
= =
5 2 g
0
1BSP—> SP}:14> < ABCG2 HERC6—> <—F:IGY HERC3—> 3 gen es CUX2—~> < ATXN2 «jﬁéP A%—» ADAMIA‘) Eﬁli‘294> Tﬁlﬂﬂa 6 genes
MHE“PE% PKD2—> bP_&MK Hma <—NAIP1L5 omined MIR6760—> ACAD10—> MAP’_Kﬂ(\iA) < NAA25 <-HECTD4 Omlned
I I I I I
88.8 89 89.2 89.4 89.6 111.8 112 112.2 112.4 112.6

Position on chr4 (Mb) Position on chr12 (Mb)



Figure S25. The region plots of identified loci in the meta-analysis with Tohoku Medical Megabank Organization (ToMMo),
Related to Table 1
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The calculated r? with the lead SNP in the East Asian (EAS) population (1KG Phase3) are shown in
color. The gray plots indicate the lead SNP or the corresponding SNP was a monomorphic variant.

Annotation key A Nonsynonymous

o Stopgain & Nonframeshift insertion = Frameshift substitution + Frameshift deletion

o Synonymous o Stoploss % Nonframeshift deletion  x Frameshift insertion e Other
Asparagine Citric acid
rs61997622 ¢ | 100 12 rs10065666 *r
150 2 08 > ) 08
'° 0.6 - 80 ) 10 | 0.6 L
* 0.4 8 04
0.2 3 . 0.2
o ()
=3 3
100 60 m ]
o I
S 2
2 S
- 40 F S
L -20 £
0 0
KLC1— <—PPP1R13B «CL/JW!Z ASﬂE» CMW/IG?:) 4 genes TRIO— FAMJD_5A~> < ANKH < LOC101929454
eXﬁCCQ L/NCO£537~> TDRD9— MIRZ(‘JSA% «TMEMW.% Ommed OTLJH.N» <~/Wf?4637
T T T T T
104.2 104.4 104.6 104.8 105 14.4 14.6 14.8 15 15.2
Position on chr14 (Mb) Position on chr5 (Mb)
Citric acid Citric acid
- rs77768175 - 100 rs218680 B
X . o« o o . .
10 80 3
3 -
8 s |
0 2 g
S &
6 | 3 2
-40 & S
s T
=
20 é
0
ALDH2—> <-TMEM116 Tﬁﬁlﬁiﬂs <7Fi'FL6 RPH3A—| 5 genes <7A.I‘PL1 <KIAA0753 XA:'.Y» eLOCEEO&HQ <7ASG.FIY
MIR6761— EFII;Z!?% <-HECTD4 PTPN11— Omined FAM?!A» TXND'CY79 FBXgS‘Q% ALO:<"12~> < DLG4
I I I I I T T T I I
112.4 112.6 112.8 113 113.2 6.2 6.4 6.6 6.8 7
Position on chr12 (Mb) Position on chr17 (Mb)
Creatinine Cystine
15 " rs72933889 - 100 rs2289123 Fr
20 M 0.8
D o~ 06|
Q 04
g T 15 il N
= =) .
3 g =
o I
S 2
2 S
= >
o
s T
=
=
g
eA».A.ZLi «MLI CPS1.—/T1—> 1 gene <-GRMS5 TYR—> < NOX4 FO»L_.H.LE% «T}ilMxtS 7HIM54:>
LOC102724820—> Ommed TH/MH774> MIR5692A1—>
I I I I I I I I I I
211.2 211.4 211.6 211.8 212 88.8 89 89.2 89.4 89.6

Position on chr2 (M

b)

Position on chr11 (Mb)

100

80

60

40

20

(Q/o) a1e) UoNEUIqWIDEY

0

1 gene
omitted

100

80

60

40

(QU/o) oTel uoEUIGWODEY

20

0

20 genes
omitted

100

80

60

40

20

(q/no) erel uoneulquodsY

0

4 genes
omitted



Figure S26. The region plots of identified loci in the meta-analysis with Tohoku Medical Megabank Organization (ToMMo),
Related to Table 1

The calculated r? with the lead SNP in the East Asian (EAS) population (1KG Phase3) are shown in
color. The gray plots indicate the lead SNP or the corresponding SNP was a monomorphic variant.
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Figure S27. The region plots of identified loci in the meta-analysis with Tohoku Medical Megabank Organization (ToMMo),
Related to Table 1
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The calculated r? with the lead SNP in the East Asian (EAS) population (1KG Phase3) are shown in
color. The gray plots indicate the lead SNP or the corresponding SNP was a monomorphic variant.
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Figure S28. The region plots of identified loci in the meta-analysis with Tohoku Medical Megabank Organization (ToMMo),

Related to Table 1

The calculated r? with the lead SNP in the East Asian (EAS) population (1KG Phase3) are shown in

color. The gray plots indicate the lead SNP or the corresponding SNP was a monomorphic variant.
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Figure S29. The region plots of identified loci in the meta-analysis with Tohoku Medical Megabank Organization (ToMMo),

Related to Table 1

The calculated r? with the lead SNP in the East Asian (EAS) population (1KG Phase3) are shown in
color. The gray plots indicate the lead SNP or the corresponding SNP was a monomorphic variant.
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Figure S30. The region plots of identified loci in the meta-analysis with Tohoku Medical Megabank Organization (ToMMo),
Related to Table 1

The calculated r? with the lead SNP in the East Asian (EAS) population (1KG Phase3) are shown in
color. The gray plots indicate the lead SNP or the corresponding SNP was a monomorphic variant.
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Figure S31. The region plots of identified loci in the meta-analysis with Tohoku Medical Megabank Organization (ToMMo),
Related to Table 1

The calculated r? with the lead SNP in the East Asian (EAS) population (1KG Phase3) are shown in
color. The gray plots indicate the lead SNP or the corresponding SNP was a monomorphic variant.
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Figure S32. The region plots of identified loci in the meta-analysis with Tohoku Medical Megabank Organization (ToMMo),
Related to Table 1

The calculated r? with the lead SNP in the East Asian (EAS) population (1KG Phase3) are shown in
color. The gray plots indicate the lead SNP or the corresponding SNP was a monomorphic variant.
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Figure S33. The region plots of identified loci in the meta-analysis with Tohoku Medical Megabank Organization (ToMMo),

—log1o(p-value)

120

100

80

Related to Table 1

The calculated r? with the lead SNP in the East Asian (EAS) population (1KG Phase3) are shown in
color. The gray plots indicate the lead SNP or the corresponding SNP was a monomorphic variant.
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Figure S34. The region plots of identified loci in the multi-population meta-analysis, Related to Table 1

The calculated r? with the lead SNP in the East Asian (EAS) population (1KG Phase3) are shown in
color. The gray plots indicate the lead SNP or the corresponding SNP was a monomorphic variant.
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Figure S35. The region plots of identified loci in the multi-population meta-analysis, Related to Table 1

The calculated r? with the lead SNP in the East Asian (EAS) population (1KG Phase3) are shown in
color. The gray plots indicate the lead SNP or the corresponding SNP was a monomorphic variant.
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Figure S36. The region plots of identified loci in the multi-population meta-analysis, Related to Table 1

The calculated r? with the lead SNP in the East Asian (EAS) population (1KG Phase3) are shown in
color. The gray plots indicate the lead SNP or the corresponding SNP was a monomorphic variant.
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Figure S37. The region plots of identified loci in the multi-population meta-analysis, Related to Table 1

The calculated r? with the lead SNP in the East Asian (EAS) population (1KG Phase3) are shown in
color. The gray plots indicate the lead SNP or the corresponding SNP was a monomorphic variant.
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Figure S38. The region plots of identified loci in the multi-population meta-analysis, Related to Table 1

The calculated r? with the lead SNP in the East Asian (EAS) population (1KG Phase3) are shown in
color. The gray plots indicate the lead SNP or the corresponding SNP was a monomorphic variant.
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Figure S39. The region plots of identified loci in the multi-population meta-analysis, Related to Table 1

The calculated r? with the lead SNP in the East Asian (EAS) population (1KG Phase3) are shown in
color. The gray plots indicate the lead SNP or the corresponding SNP was a monomorphic variant.
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Figure S40. The region plots of identified loci in the multi-population meta-analysis, Related to Table 1

The calculated r? with the lead SNP in the East Asian (EAS) population (1KG Phase3) are shown in
color. The gray plots indicate the lead SNP or the corresponding SNP was a monomorphic variant.
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Figure S41. The region plots of identified loci in the multi-population meta-analysis, Related to Table 1

The calculated r? with the lead SNP in the East Asian (EAS) population (1KG Phase3) are shown in
color. The gray plots indicate the lead SNP or the corresponding SNP was a monomorphic variant.
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Figure S42. The region plots of identified loci in the multi-population meta-analysis, Related to Table 1

The calculated r? with the lead SNP in the East Asian (EAS) population (1KG Phase3) are shown in
color. The gray plots indicate the lead SNP or the corresponding SNP was a monomorphic variant.
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Figure S43. The region plots of identified loci in the multi-population meta-analysis, Related to Table 1

The calculated r? with the lead SNP in the East Asian (EAS) population (1KG Phase3) are shown in

color. The gray plots indicate the lead SNP or the corresponding SNP was a monomorphic variant.
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Figure S44. The region plots of identified loci in the multi-population meta-analysis, Related to Table 1

The calculated r? with the lead SNP in the East Asian (EAS) population (1KG Phase3) are shown in
color. The gray plots indicate the lead SNP or the corresponding SNP was a monomorphic variant.

Annotation key

2 Nonsynonymous
o Synonymous

o Stopgain
o Stoploss

& Nonframeshift insertion
* Nonframeshift deletion

® Frameshift substitution

x Frameshift insertion e Other

+ Frameshift deletion

Ornithine
rs11065385 100
a
® s
80 2
_ ) g
: 2
o =] © o
| ey W 60 3
. "' g
_ . . - 40 &
5
=
2 =
0
DYNLL1— CAEL’]» <SPPL3 HNfJ.A» P’Z_Riﬁ» ewcs 11 genes
fDYNLLI—ASI MLEC» eHNFZAfASI P2%49 HN.F_%I» omined
T T T T T
121 121.2 121.4 121.6 121.8
Position on chr12 (Mb)
Phenylalanine
e r$1722387 - 100
0.8 0. .
0.6 o
04 . — 80
— 0.2

(QN/N) 1Rl uoleUIqUIOoeY

< IGF1 «L/N-D'DOABE ASC.L14> <C120rt42
< PAH
I I I I I
102.8 103 103.2 103.4 103.6
Position on chr12 (Mb)
Proline
rs3761097 ~ 100
A
oy
80 8
o
3
=3
7 - 60 B
2
=}
. . - 40 &
_ 3 g
-2 2
0
MAG— FFA},-?2~> eALPAA UP}ﬁA» ePR”C‘JDHZ LRF'I‘VB» eT»FEAPB eZ’_I\LE’5E5 37 genes
CDM%2~> eKR'TDAP HALL§5~> KMZB» <7I\’I“P-HSY SDH;'IF1~> D\/O'L3~> ZNF»I:G» Omitted
[ [ [ [ [
35.8 36 36.2 36.4 36.6

Position on chr19 (Mb)

Palmitoleic acid

rs603424

)

El

©

i

o

>

Ke)

[

ABCC2—> eﬁfﬁ\” eﬁ!ijINI eli)gu WNEE~> PAX2—>|
<-DNMBP e»itl.L“lK SCNL'7~> eSEﬂC;ﬂB
T T T T T
101.6 101.8 102 102.2 102.4
Position on chr10 (Mb)
Proline
rs204926 ¢
12 .

)

—logo(p-value)

<—Oi‘=l5P2 <—0F!10A6 TUB— emﬂlzl < STK33 HPL2-7A4>
eOll?5Pfi «OF!IOAS <RIC3 &lljl-M“EG
T T T T T
7.8 8 8.2 8.4 8.6
Position on chri11 (Mb)
Proline
350 -
rs2238732 i
300 — °

<MICAL3 TUBA8— <GGT3P  DGCR6—> DGCR9—~ <DGCR14
< MIR648 USP18— < PRODH <DGCR2
18.6 18.8 19

Position on chr22 (Mb)

< HIRA
<CLTCL1

19.2 19.4

100
s]
80 2
(=}
3
o
60 3
=
=)
40 &
°
=
20 E
0
7 genes
omitted
100

s]
80 &
o
3
=8
60 3
=
=}
40 &
o
=
20 §
0
8 genes
omitted
100

(/o) B1R) UOREUIqUIOdBY

9 genes
omitted



—log1o(p—value)

—log1o(p-value)

—log1o(p-value)

Figure S45. The region plots of identified loci in the multi-population meta-analysis, Related to Table 1

The calculated r? with the lead SNP in the East Asian (EAS) population (1KG Phase3) are shown in
color. The gray plots indicate the lead SNP or the corresponding SNP was a monomorphic variant.
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Figure S46. The region plots of identified loci in the multi-population meta-analysis, Related to Table 1

The calculated r? with the lead SNP in the East Asian (EAS) population (1KG Phase3) are shown in
color. The gray plots indicate the lead SNP or the corresponding SNP was a monomorphic variant.
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Figure S47. The region plots of identified loci in the multi-population meta-analysis, Related to Table 1

The calculated r? with the lead SNP in the East Asian (EAS) population (1KG Phase3) are shown in
color. The gray plots indicate the lead SNP or the corresponding SNP was a monomorphic variant.
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Figure S48. The region plots of identified loci in the multi-population meta-analysis, Related to Table 1

The calculated r? with the lead SNP in the East Asian (EAS) population (1KG Phase3) are shown in
color. The gray plots indicate the lead SNP or the corresponding SNP was a monomorphic variant.
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Figure S49. The region plots of identified loci in the multi-population meta-analysis, Related to Table 1

The calculated r? with the lead SNP in the East Asian (EAS) population (1KG Phase3) are shown in
color. The gray plots indicate the lead SNP or the corresponding SNP was a monomorphic variant.
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Figure S50. The region plots of identified loci in the multi-population meta-analysis, Related to Table 1

The calculated r? with the lead SNP in the East Asian (EAS) population (1KG Phase3) are shown in
color. The gray plots indicate the lead SNP or the corresponding SNP was a monomorphic variant.
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Figure S51. Selection signature and polygenicity for each metabolite estimated by
BayesS model using genome-wide SNPs, Related to Figure 5
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Figure S52. Validation of metabolite measurement, Related to STAR Methods
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Figure S53. The PCA plots of metabolome data, Related to STAR Methods
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Figure S54. The flow of quality control of samples and SNPs, Related to STAR Methods
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Sample QC 1 : Exclude samples showing one of the following criteria.

1. Having PI_HAT in PLINK software (ver1.9b, Purcell et al., 2007) greater than 0.1 with any other sample.
2. Outliers from the EAS population (1KG Phase 3) in the principal components of joint samples by the
Nagahama and 1KG populations.

3. Success rate of SNPs is less than 95% in Human 610k-Quad (610k), Omni2.5, Asian Screening Array
(ASA), less than 98% in Human CoreExome-24.

Genotype QC 1 : Exclude variants showing one of the following criteria

1. The MAF is less than 0.01 in 610k , ASA, less than 0.005 in Omni 2.5, HumanCoreExome-24

2. Hardy-Weinberg equilibrium (HWE) p-value is less than 1.0 x 10~¢

3. Success rate of variant is less than 98%

Sample QC2 : Exclude samples showing the following criteria.

One of the top ten principal component scores of SNPs is out of range (-3 X IQR below the 25th percentile
or 3 X IQR above the 75th percentile)

Genotype QC2 : We excluded variants showing one of the following criteria.

1. MAF is less than 0.005.

2. r% is less than 0.3.



Figure S55. The flow of quality control of studies and SNPs included in the summary of 40 metbolite
GWAS, Related to STAR Methods
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Figure S56. The flow of quality control of studies and SNPs included in the GWAS Catalog, Related to
STAR Methods
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