Supplement to:

Genome-wide association study of serum metabolites in the African American Study of
Kidney Disease and Hypertension

Shengyuan Luo, MBBS, MHS (1,2)*, Elena V. Feofanova, MS (3)*, Adrienne Tin, MS, PhD (1,2), Sarah
Tung (4), Eugene P. Rhee, MD (5), Josef Coresh, MD, PhD (1), Dan E. Arking, PhD (6), Aditya
Surapaneni, PhD (1,2), Pascal Schlosser, PhD (7), Yong Li, MD (7), Anna Kottgen, MD, MPH (1, 7), Bing
Yu, PhD (3), Morgan E. Grams, MD, PhD (1,2,8)

1) Department of Epidemiology, Johns Hopkins University Bloomberg School of Public Health,
Baltimore MD, USA

2) Welch Center for Prevention, Epidemiology, and Clinical Research, Johns Hopkins
University, Baltimore MD, USA

3) Human Genetics Center, The University of Texas Health Science Center at Houston,
Houston, TX, USA

4) Johns Hopkins Whiting School of Engineering, Baltimore MD, USA

5) Division of Nephrology, Massachusetts General Hospital and Harvard Medical School,
Boston, MA, USA

6) McKusick-Nathans Institute, Department of Genetic Medicine, Johns Hopkins University
School of Medicine, Baltimore, MD, USA

7) Institute of Genetic Epidemiology, Faculty of Medicine and Medical Center — University of
Freiburg, Freiburg, Germany

8) Division of Nephrology, Department of Medicine, Johns Hopkins University, Baltimore MD,
USA

Running head: GWAS of serum metabolites in AASK
* These authors are co-first authors.
Corresponding author:

Shengyuan Luo, MBBS, MHS
shengyuan.luo@jhu.edu

2024 E. Monument, Suite 2-500
Baltimore, MD 21205



(12

(r€-36€°T) LSO | -IPP'T) €SO aupna||Areoe-N L¥S0 v/9 758915954 T
(t€
VYN | -392°Z) €€°0 auluainuAyjAieoe-N LYS0 v/9 99£60VETS4 €T
(6T
VYN | -3¥89) 290 aulwein|gjA1eoe-N LYS0 v/9 99£601ETSI 4
(2€
VN | -392°£)89°0 aul(|niudjAiaoe-N LYS0 v/9 99£60ETS4 1T
(1€
(S7-38T°T) 29°0 | -39T°€) 19°0 auisA||A1eoe-zN GES0 9/2 6CSTEVETS! 0T
(TT
VYN | -32¥'2) 950 aujuejejAuaydjAyade-N 76€°0 v/L CTY9CTITTS 6
(€2
VYN | -30t°S) 250 aulpnsiyAylsw--|A190e-N 760 v/1 CTY9CTITTS 8
(€1 aNYdL
VN | -3TT'9) 6€°0 aulpnsiylAylsw-¢-jA1eoe-N L¥S0 J/1L YASTA:IVAS ‘81VN L
[§5% ‘dISWTV SLLELTYL
YN | -3/¥'T)2L0 auigesedse|Araoe-N VAZN] J/1 [1S/85/S/ ‘TSWTV -6G9S0TEL T 12 9
(v1
(£0-3£6°S) LT°0- | -3€0°T) LY O- a1esslenjAylaw-¢-AxolpAy-z 7520 v/1 8€88¢G/S/ S
(6T 060/886TT
VN | -38T'V) £5°0- 93eu3|enosiAxoipAy-eydie 7520 v/1 8€887G/S/ ZOVH | -060/888TT'T € v
6SWINL
‘1010
(o1 TroYY1 STYbbbbs
(Ev'0)zT'0- | -36CT°T)SLO aledipejAyrow-¢ 6200 o/v STT6TEGLS ‘TT9dSH -STYrrres: T [4 €
(zT
VYN | -392°9) ¢¥'0 aupAigjAonwied-N 19€°0 v/9 8Thzesd 4
(v1 Hvv4 69EL Ty
VYN | -382°€) T¥'0 (TUT:TT) @12OUIBPUN-OT €L€°0 v/l 856/051S TIVEdAD -920L06S¥'T 1 T
«Apmis (enjen d) Adouanbaiy ETETV uolneposse
D14V @Y1 ui (anjea R ITET]ITETo k) 9|9||V | @duauaey sauas uoielo| 1207 9jjogeaw
d) 3ua1yya0d e19g elag 9}ljogelaw paje|dossy papod /pepod dNS xapuj paddely | jewosowouy) | PuUnSIq | -dNS X3apul Ppunsiq

ISYV Ul S911j0geIdW WnJas € pue [90] dlwouad £ Suljuasaldal SdNS Xapul usamilag (g=N) suolredosse juedijiudis Ajjeansnels ‘Is ajqel




(ot (0:0¢/z:8TP LYOIN 80T#929¢CT
(Lz0)€TO- | -IPT'T)SET ‘T:02/1:81p) uleAwogduiyds 9100 o/v SE0CET09S ‘TAIH | -80T¥9TSCT:9 1T 9z
(ov 65C9£SSE
VYN | -3€€°T) 960 ajelAingosioulwe-¢ [44:X0) i) YIStrESd ZIX9V |  -6ST9ESPE:S o1 ¥4
H1H.1d
TAWSD
T4
(1T ‘CTAYdAD €T087/98T
(9T°0) 00 | -380°S) 9€°0 auluelejApnsiy L850 o/L TT9EL6TSH TN | -€TOSYLSST¥ 6 24
(zT
VYN | -3TT2) 97T aujuejejAraoe-N 2200 o/L 75162TTS €T
(€1 TADV
VYN | -390°9) #T°T | 3pIxoyns suluoiyidaw|Aiede-N 1200 12 L0OLSEGELS -VyIaHaY 44
(€T TAOV 748079TS
(ST-32T°L) TE'T | -3€€°S) 8€E'T aujuolylawiAieoe-N 1200 1 L0OLSEGELS YI20d -70068Y 1S € 8 1C
TSTLTTTOV
(o1 ‘ €/590€L€C
(8T°0)0C°0- | -308°T) L0 auPA|ZjAuiisAd 6200 v/2 0St¥8TT9SI | T'98CTTOIV | -€LS90€9€TC L 0t
0IVILON
‘6vT1oNn
‘8VI1ON
‘/VTLON
‘9v1.19n
‘SYT.LON
(zT ‘bY11oN
VN | -328°€) 9€°0 (33) uignaiq ¥S¥°0 J/1L STESPTYS ‘evIion 6T
(L1 ‘“TTdLT1dY £99492YET
VN | -369°€) ¢v'0 uIpJaAl|iq €S0 v/9 T6€9L6TSI | 6°CISYTIOV | -LEELSTEET T 9 8T
0IVILON
(o1 ‘bYILON 0PT96£0€T
(£6°0)TO0 | -32PT)TT'T auPA|ZjAuisAd ¥10°0 V1/L | €6.68€1565! ‘€VILON | -0VT96E6CT:T S LT
(6€
VN | -3¥C’L) 69°0- aulyylulojA1ace-eyap-N SvS0 10 6689070TS 9T
(ze
(6-358'7) 89°0 | -IET'T)99°0 auluidie|Areoe-N ¥S°0 o/v TE689T0TS! o1




(7T ‘€1ddS 9TCCyITCT-
VYN | -320°S) 06°0 djeuojew|Ayid 1900 12 S7980. €S ‘Savov | 91TeyeoTTCT a4 Tt
(vT apiuoundn|3 PEVTOLTT
VN | -3P¥'T) €60 91e|0YdAx0apOoUaYI00A|3 8¥0°0 J/L | S9T6THYYITS! I9T0J7S | -vEYTOLOT:CT 1C ov
(91
VYN | -38T'8)6€'T aulue|ejAuaydjAraoe-N G200 J/L| 69208/STTS! 6¢
(£1
(0T-36£720) ¥T'T | -3STV) Cr'T auisolAyAreoe-N G200 J/L| 69208/STTS! 8¢
(zT
VN | -381°C) LO'T auluaJnuAyAeoe-N G200 J/1 | 692Z08LSTTS) L€
(ze T'S8€€00dY 58677189
(0T-3TLT)€TT | -ATTT) V9T ueydoidAiyArace-N S70°0 J/L | 69208LSTTS! ‘€AOV | -S86VYTLITT 0t 9¢
8STWINL
(1T ‘zsav4 €£€807E£T9
VN | -3T€€) ¥5°0- (9u¥:0¢) DdO-lAouopiydele-T 61T°0 v/9 Y9G/ TS ‘Tsavd4 | -€€80CET9TT 61 13
(z1 £98€6€5S
(v0'0) 87°0- | -3TT'T) 98°0- a1ewein|3-|Ayedse-|A1eoe-N 950°0 J/L | [T89SSOSTS! IDYY0 | -€98E6EVSTT 81 143
(v1 THT104 1/687S6¥
(60-3£S°T) £9°0- | -3S€°S) 6£°0- ajewein|8-|Auedse-|A100e-N 6500 Ovd/d | LLOYVTSTYTSA ‘r4did | -TL68TS8YTT L1 €€
(zT
(69-388°9) 08°0 | -3/6°T) 6€°0 aulpiAdlAyIBW-0-,2 LVS0 v/9 €8Gt67/GS/ Z919EHS 43
(zv ‘TAHAHd 9€/TTY6CT
VYN | -3£6°T)2L0 aulpunjAylsw-0-,z 8¥S°0 v/9 09T85/GGS4 V8IuYT | -LSSTTY8TI6 91 1€
(B4
‘SL8TYVIN
‘TVYVdD
‘vISOX3
‘6°91rS90€
(zz -a1d S9ZY9SPYT
(r2-32€'€) 050 | -3¢6°'T) 290 | 93ejAxoques-g-aulpladidoxo-9 60€°0 10 8875606554 ‘HY1dO | -S9CY9ISEVT:8 o1 o€
(z1 860THCI6
(oT'0)9T°0 | -3€6'T) €L°0 |dD-|Aouopiyoede-T 2L00 v/1 09€T#S59/S4 YOWINL -860T¥206:8 v 6¢
(zt 6617€8TTYT
(8€°0) LT'0- | -3ST'6)TTT 93e|0Y20AY02A|S 8100 J/L| 6¥6T866ETS LYTIVVYI | -66VESTIVT:L €T 8T
(ST ISTdVY ¥0926910T
VYN | -32€9) 05°0- aulpnsiyjAreoe-N L6T°0 J/1L 99/08L/S ‘€IVO0ON | -¥09T6T00T:L 4 LT




‘[9AOU 3¢ 0} PAUIWIDIDP J9M 1BY3 SUOIIeII0SSE 40} APNIS DYV dY) Ul pawiogad sem sisAjeue uoned||day ,

(€1 9£/90/8L

(ST-3€T°6) 68°0 | -308'T) 00°T pioe dljiuelyluejAwio)-N €00 J/1 | 706080¥TTSI QIW4Y | -9€L90LLL:LT €T w
L'STAELT
-1TdY

‘96TTIONN




Table S2. Correlations between index SNPs and metabolites within distinct genomic loci.

Distinct | Chromosomal | Index SNP Associated Correlation between | Correlations
Loci location metabolite SNPs between
metabolites
1 1:45907026- rs4507958 10-undecenoate -0.03 0.15
47417369 (11:1n1)
rs324418 N-palmitoylglycine
2 1:53444415- rs79319225 | 3-methyladipate NA NA
54444415
3 1:118887090- | rs7528838 alpha- (same SNP) 0.89
119887090 hydroxyisovalerate
rs7528838 2-hydroxy-3-
methylvalerate
4 2:73105659- rs7587577 N-acetylasparagine Range: 0.73t0 1.0 Range: -0.08 to 0.78;
74173773 rs7587577 N-acetyl-3- Median, 0.98 Median, 0.54
methylhistidine 25%-75% (0.73-1.0) 25%-75% (0.40-0.61)
rs11126412 | N-acetyl-1-
methylhistidine
rs11126412 N-
acetylphenylalanine
rs13431529 N2-acetyllysine
rs13409366 | N-acetylcitrulline
rs13409366 | N-acetylglutamine
rs13409366 | N-acetylkynurenine
rs6546854 N-acetylleucine
rs10168931 N-acetylarginine
rs10206899 | N-delta-
acetylornithine
5 2:129396140- rs951389793 | cysteinylglycine NA NA
130396140
6 2:233257337- | rs1976391 biliverdin 1.0 0.75
234264663 rs4148325 | bilirubin (E,E)
7 2:236306573- | rs62184450 | cysteinylglycine NA NA
237306573
8 3:51489004- rs73835707 N-acetylmethionine - -
52620872 rs73835707 N-acetylmethionine same | -
sulfoxide SNP 0.59 -
rs2229152 N-acetylalanine 096 | 0.96 |- 0.41 | 0.45 -
9 4:185748013- | rs1973612 histidylalanine NA NA
186748013
10 5:34536259- rs344514 3-aminoisobutyrate NA NA
35536259
11 6:125264108- | rs60132035 | sphingomyelin NA NA
126264108 (d18:1/20:1,
d18:2/20:0)
12 7:100192604- | rs7780766 N-acetylhistidine NA NA
101692604
13 7:141183499- | rs139981949 | glycohyocholate NA NA
142183499
14 8:90241098- rs76541360 | 1l-arachidonoyl-GPI NA NA

91241098




15 8:143564265- | rs59095288 6-oxopiperidine-2- NA NA
144564265 carboxylate

16 9:128422557- | rs55758160 | 2'-O-methyluridine 1.00 0.07
129422736 rs57294583 | 2'-O-methylcytidine

17 11:48528971- rs142514677 | N-acetyl-aspartyl- NA NA
49528971 glutamate

18 11:54393863- | rs150556827 | N-acetyl-aspartyl- NA NA
55393863 glutamate

19 11:61320833- | rs174564 1-arachidonoyl-GPC NA NA
62320833 (20:4n6)

20 11:67144985- | rs115780269 | N-acetyltryptophan (same SNP)
68144985 rs115780269 | N-acetylkynurenine Ues

rs115780269 | N-acetyltyrosine 0.77 | 059
rs115780269 | N- WE | e | e
acetylphenylalanine

21 12:20701434- | rs114419265 | glycochenodeoxychol | NA NA
21701434 ate glucuronide

22 12:120242216 | rs34708625 | ethylmalonate NA NA
-121242216

23 17:77706736- | rs114080902 | N-formylanthranilic NA NA

78706736

acid




Table S3. Allele frequencies in general populations.

Distinct | Index SNP Coded Coded allele Coded allele frequency in
locus allele in frequency in general populations
number AASK AASK
1 rs4507958 T/A 0.373 African = 0.368
European =0.129
1 rs324418 G/A 0.361 African = 0.381
European = 0.256
2 rs79319225 A/G 0.029 African = 0.032
European = 0.0001
3 rs7528838 T/A 0.252 African = 0.273
European = 0.001
4 rs7587577 T/C 0.547 African = 0.548
European =0.228
4 rs11126412 T/A 0.392 African = 0.372
European =0.217
4 rs13431529 C/G 0.535 African = 0.531
European =0.217
4 rs13409366 G/A 0.547 African = 0.548
European =0.231
4 rs6546854 G/A 0.547 African = 0.548
European =0.230
4 rs10168931 A/G 0.540 African = 0.529
European =0.215
4 rs10206899 c/T 0.545 African = 0.556
European =0.223
5 rs951389793 T/TA 0.014 NA
6 rs1976391 G/A 0.453 African = 0.449
European =0.318
6 rs4148325 T/C 0.454 African = 0.458
European = 0.325
7 rs62184450 C/A 0.029 African = 0.030
European = 0.081
8 rs73835707 C/T 0.021 African = 0.016
European = 0.000
8 rs2229152 T/C 0.022 African = 0.018
European = 0.000
9 rs1973612 T/C 0.587 African = 0.601
European=0.519
10 rs344514 C/T 0.822 African = 0.801
European=0.998
11 rs60132035 A/G 0.016 African = 0.015
European = 0.003
12 rs7780766 T/C 0.297 African = 0.292
European = 0.082
13 rs139981949 | T/C 0.018 African = 0.023
European = 0.000
14 rs76541360 T/A 0.072 African = 0.071
European = 0.000
15 rs59095288 Cc/T 0.309 African = 0.340




European = 0.069

16 rs55758160 G/A 0.548 African = 0.515
European =0.393
17 rs142514677 C/CAG 0.059 African = 0.056
European = 0.000
18 rs150556827 | T/C 0.056 African = 0.057
European = 0.000
19 rs174564 G/A 0.119 African =0.118
European = 0.346
20 rs115780269 T/C 0.025 African = 0.017
European = 0.000
21 rs114419265 T/C 0.048 African = 0.035
European = 0.000
22 rs34708625 /T 0.061 African = 0.064
European =0.264
23 rs114080902 T/C 0.043 African = 0.044

European = 0.000




Table S4. Pathway enrichment analysis.

Total N of N of metabolites Permutation p-

metabolites associated Fisher Exact p- |value*
Super-pathway evaluated with >=1 SNP value
Amino acid 180 (28%) 24 (63%) 7E-06 0.005
Nucleotide 34 (5%) 3 (8%) 0.448 0.345
Cofactors and vitamins 23 (4%) 2 (5%) 0.624 0.335
Peptide 35 (5%) 1(3%) 0.714 0.765
Lipid 349 (54%) 8 (21%) 1E-04 0.995
Other 31 (4%) 0 (0%) . 7
Total 652 38 - -
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Table S7. Most likely causal genes for novel variant-metabolite associations identified in AASK and
replicated in the ARIC Study and whether genes are enzyme encoding.

Gene Enzyme encoding?
HAO2 Yes
NATS Yes
ACY1 Yes
EXOSC4 Yes
GPAA1 No
PHYHD1 Yes
ACY3 Yes
AFMID Yes
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Figure S1. Regional association plots for locus-metabolite associations (N=42).

a. Locus1,rs4507958 and 10-undecenoate (11:1n1).
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b. Locus 1, rs324418 and N-palmitoylglycine.
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c. Locus 2,rs79319225 and 3-methyladipate.
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f. Locus 4, rs7587577 and N-acetylasparagine.
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g. Locus 4, rs7587577 and N-acetyl-3-methylhistidine.
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h. Locus 4,rs11126412 and N-acetyl-1-methylhistidine.
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i. Locus4,rs11126412 and N-acetylphenylalanine.
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j. Locus 4, rs13431529 and N2-acetyllysine.
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k. Locus 4, rs13409366 and N-acetylcitrulline.



73.20

«—RAB11FIP5

NOTO—

SMYD5—

—PRADC1

73.40 73.60 73.80 74.00
Chromosome 2 (Mb)
RPSAP28— —NAT8 «—DUSP11 ACTG2— TET3—
ALMS1— <—N/|\T88 S TAMHl-I-BP—»
ALMS1-T1— ALA|di1II-’|1 — AC073046.2—
<-TI?BKB DG UOK—.

|.  Locus 4, rs13409366 and N-acetylglutamine.
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m. Locus 4, rs13409366 and N-acetylkynurenine.
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0. Locus4,rs10168931 and N-acetylarginine.
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p. Locus 4, rs10206899 and N-delta-acetylornithine.
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g. Locus 5, rs951389793 and cysteinylglycine.
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r. Locus 6, rs1976391 and biliverdin.
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-log10 p-value

-log10 p-value

— 100

233.80
Chromosome 2 (Mb)

ATG16L1— —USP40 UGT1A8— «—MSL3P1 SPI-f-IQH—v —AC122134.1
SICARNAS — AcCo1 9(I972. 1— UGT1A9— c—ACO(iSS38.2 ACOOG(I)G 7.2—
SCF\RNAS—’ UGT1A12P— UGTI1A7— TRPM8—

SAG— UGT1A11P— UGT1A3— «—AC005538.1

t.  Locus 7, rs62184450 and cysteinylglycine.

- ~100
10 ’
o 80
8 -
Chromosome 2 (Mb)
AC019050.1— «—AC079776.2 —FAR2P1 ‘_sﬂm —AC068137.2
—PLAC9P1 «—POTEF AC134915.1—
LINC01856— AC018865.1— MTND1P29—
«AC079776.3 —RNU6-1049P MTCO1P7—

u. Locus 8, rs73835707 and N-acetylmethionine.
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X. Locus 9, rs1973612 and histidylalanine.
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y. Locus 10, rs344514 and 3-aminoisobutyrate.
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aa. Locus 12, rs7780766 and N-acetylhistidine.
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ff. Locus 16, rs57294583 and 2'-O-methylcytidine.
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gg. Locus 17, rs142514677 and N-acetyl-aspartyl-glutamate (NAAG).

Recombination Rate (cM/Mb)



48.60

OR4A45P—
OR4A41P—

OR4A42P—

OR4A44P—

hh. Locus 18, rs150556827 and N-acetyl-aspartyl-glutamate (NAAG).
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ii. Locus 19, rs174564 and 1-arachidonoyl-GPC (20:4n6).
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ji. Locus 20, rs115780269 and N-acetyltryptophan.
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kk. Locus 20, rs115780269 and N-acetylkynurenine.
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Il. Locus 20, rs115780269 and N-acetyltyrosine.
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mm. Locus 20, rs115780269 and N-acetylphenylalanine.
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nn. Locus 21, rs114419265 and glycochenodeoxycholate glucuronide.
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00. Locus 22, rs34708625 and ethylmalonate.
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pp. Locus 23, rs114080902 and N-formylanthranilic acid.
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Color-coding indicates degree of linkage disequilibrium with index SNP: Purple indicates index SNP,

Recombination Rate (cM/Mb)

red indicates SNPs with r2>0.8, orange indicates SNPs with r?>0.6, green indicates SNPs with r?>0.4,

light blue indicates SNPs with r?>0.2, dark blue indicates SNPs with r2>0, and grey indicates SNPs

with unknown r2.
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