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A genome wide pathway association study of waist—to—hip ratio

ZHANG Miao—miao', Struan Grant?, Hakon Hakonarson?, R.Arlen Price’, ZHANG Yuan', LI Wei-dong', JJAO Hong—xiao*

(1.Department of Genetics, Tianjin Medical University, Tianjin 300070,China; 2.Center for Applied Genomics, Children’s Hospital of
Philadelphia, Philadelphia PA 19104, USA; 3.Department of Psychiatry, University of Pennsylvania Perelman School of Medicine,
Philadelphia PA 19104, USA; 4.Research Center of Basic Medical Sciences, Tianjin Medical University, Tianjin 300070, China)
Abstract Objective: To explore the signaling pathways associated with WHR  (waist to hip ratio), and to conduct case/control pathway—
based genome wide association study in a European American cohort. Methods: Comprising 700 patients with abdominal obesity and 358
matched healthy controls, pathway—based genome wide association study in WHR was carried out by the modified Gene Set Enrichment
Alogrithm (GenGen software) in 550 000 single nucleotide polymorphisms (SNPs) and a total of 1 347 pathways. Results: Sixty—five pathways
manifested a significant level of empirical P< 0.05, and the most significant pathway was rasPathway (empirical P=0.003, FDR=0.238).
Genes in the rasPathway were also identified by ceramidePathway (empirical P=0.004, FDR=0.196) and hemvPathway (empirical P=0.005,
FDR=0.203). Conclusion: The results indicate that the rasPathway may affect the WHR of European ancestry Americans.

Key words waist to hip ratio; genome wide association study; pathway associations analysis; abdominal obesity; European ancestry
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1 #pl5AZE

1.1 AFRAZE AUFRIE 1071 2 LM% KR
(A KU 767 28 B A i 4, o 526 #4403
JE Bk (BMI>35 ke/m?),545 44 1K it & IE & &
(BMI<25 kg/m* H—A=HoAR#L 25 kg/m?) o BEENESH:
G AT B =B R 2 P eI IR
FIFARELR AT 2 0H — N IER  IERER R R
I st L2 P e [ B R I - R TR X . BEERIE
IR SRR T TC M e R, HICHHE |
AERE B ER A A . DFIEXT SR, 1 058 flREAS & T
BRI/ R GERE, Forh 2ot 1017 4], 534k 41 f51], JEAx B
FEBJCARARA N RS B AE RIS 2ot kA5
FE A R R2E NI ZE 5L S

1.2 MR R LR /5 HR A A AR Al
1999 4E{H 5L T A 20 41 WHO X Hoca 4 B Bk 11932 e
FE B WHR: 5 >0.90, 20>0.85 FEAE AR 4,
WHR: % <0.90, 2 <0.85 FEAE %t R4 .

1.3 7k

1.3.1 BRI DNA R AR LIS
JAIm AR ZH DNA, 24N HIE DNA ¥
JE R Al FE TR R, DNA FEAT-80 CHRTT .

1.3.2 R H K FEEG R Hlumina 23 7]
[lumina HumanHap 550 SNP array %R 55 A
SNP 7 S AT 3L PR 4378, e B 53 U S A5 5 D] A o4
(MAF)/INT 0.01 3 A5 i — 38 AR A% P (HWE ) A6zl
fE/NF 0.001 &) SNP i &5, 312 518 230 4~
SNPs, 17 437 /N EER, BER 3 B ZE BRAE T Hllumina
BeadStudio 3.0 Y733

1.4 %itxaod W SPSS17.0 A X FEA K
TR TG A . B8 GenGen B AF X 4 5k
K41 2 55 J7 A~ SNP 57 a5 iE A7 IR L — 7 25 A0 i
RGN IR A BE PR 438 S AT, B3k
T ()2 X KB e 9 1)/ %6) BE L6 H B — > SNP
DL RXTRE %2 (H, BEHCEEANFEP Y SNP 3 S e K ¥
EAE R ZIEH ST HE ; (2) FIFH GSEA iz 53 0]
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[F] B PR () R /N ] — S PR PN AN [] SNP A3 i 2 [R] 1)
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PR FAN T HE (R FHE S 1% FRA AR AR T AR )
VI A vk FHE IS A R = B ES(S, ), QR I
1 000 R FR R HHE B LA AR fEL S 0 NES,
NES=[ES(S)-mean(ES(S, 7)/SD[ES(S, m)] , Ml A
) R A AR % S (Rl E T LA s (4) THRSCEs P
(empirical P), EHEF ES(S, m)EK TR ES(S)E
IV E 43 ELED RS2 5 P AE ; (5)XF Frf s Rk 7

ZH Rk, HAEEMERR (false-discovery
rate, FDR ) FHRF i 9030 (%) {182 B 1 2 B0 EE 461 /N —
ERE, 2 M Aravind 250 GSEA 05T, A
UAESE FDR B ZVEFRUEL E  FDR<0.25,

2 #R

2.1 WHR A ASFIERE AU ABITR S
1058 451, HeAve i1 2H 700 1], %t HEZH 358 {91, X HR 4
5 el WHR 7KF-25 57 82 (P<0.000 1), IL3& 1.

Fz 1 HOIFTERLE WHR 4SEHHE

Tab 1 Traits distributions of WHR in cases and controls

FEASE (%) MW (&Z/3) it (vss)  WHR(xss)
YN 1058(100) 1017/41 42.129.1  0.84+0.01
JGHIZL 700(66.20) 685/15 425487  0.87x0.07*
R HRZH 358(33.80) 332/26 413+9.8  0.77x0.05

* P<0.000 1,vs XFHAZ]

22 SHAERHH HI N HHRAEL 55 T
A~ SNP {3 5 .1 347 S50 [/ AR A v 4 5L N 41 38
PSR AIT T K PR 2 65 S i /5 A ik ) i K
o (P<0.05), H 3 KEBAZHEMARKIER
FDR<0.25. WK 1.3 2 ffin. 7E 65 Zl/ES
W, rasPathway (Ras {558 ) ik 3% (empirical
P=0.003,FDR=0.238). 734, ceramidePathway (£
WERES Sl ) 1 hemvPathway (AN FE 4IRS
MAPK B ) 5 ANFcas R B E R (45
empirical P=0.004,FDR =0.196 .empirical P=0.005,
FDR=0.203). W% 3 fi7R, Ras {5 5@ #6175 23 4
B, HR W43 PIBK/AKT 3848 AH KL BAD .
AKT1 . PIK3CA .PIK3CG .PIK3R1; MAPK/ERK 3% 48
HHSEHEEA RAFT MAP3K1 MAPK1 ,MAPK3 MAP2K1
F IKKB/NF-kB #1240 ¢ F NFKB1 Hil RELA 4%
Bz 504 T 5 WHR HARAH Y ceramidePathway
F1 hemvPathway 7', $£7~ rasPathway 3& K 45 & 5
WHR PR AT BEAFAE— 2 B OCHRPE

1 2

L |
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pathway
& 22 R -120.05, 1 7R ceramidePathway, 2 378 hemvPathway, 3
FR rasPathway, 3 4538 B A B0 10 18 5 1, o rasPathway fiely
Y3 51 347 B AR R4EE 4 )3k H T BioCara Kyoto Encyclopedia
of Genes and Genomes(KEGG ) FI Gene Ontology (GO )/ A i 72

1 WHR( case/control )i# &5 #7 empirical P {E43 77 &
Fig 1 Distribution of empirical P value of WHR related pathways in
cases and controls
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% 2 WHR( case/control ) B3 1H K i &
Tab 2 Significant pathways of WHR in cases and controls

SEPK 1D FEPH KL empirical P FDR Bt e TR
rasPathway 23 0.003 0.238 BioCara Ras {55181
ceramidePathway 22 0.004 0.196 BioCara P k50 I
hemvPathway 17 0.005 0.203 BioCara NEZff# 5 MAPK 3 i
*3 ESERERES
Tab 3 Gene set of pathways

i i ID FEN

AKT1 BAD BCL2L1 CASP9 CDC42 CHUK ELK1 FOX04 HRAS MAP2K1 MAPK3 NFKB1 PIK3CA PIK3CG PIK3R1
PLD1 RAC1 RAF1 RALA RALBP1 RALGDS RELA RHOA

rasPathway

AIFM1 BAD BAX BCL2 CASP8 CYCS FADD MAP2K1 MAP2K4 MAP3K1 MAPK1 MAPK3 MAPK8 NFKB1 NSMAF
RAF1 RELA RIPK1 SMPD1 TNFRSFIA TRADD TRAF2

ceramidePathway

AKT1 CREBI MAP2K1 MAP2K2 MAP2K3 MAP2K6 MAP3K1 MAPKI MAPK14 MAPK3 NFKB1 PIK3CA PIK3CG

hemvPathway
’ PIK3R1 RB1 RELA SP1

3 itig

BT AL PR FR BB 5 — R A 358 G PR L =
I RO JFE 5 S A OG0 HOSCI MR B A 1) X
TS B B0 1 AR P B I AN s P I
Aii , NIERR V5 () SR 2 S 43-p At 22 Fh 20 B R 1 A
TEH RS0, 45 IL-6 TNF-o B E J8 24 G5
— RV S, QB S AT i AR A R b
PATSZ 4 PR AAE SN A 5 1999 4F WHO HHuok:
JIE S (WHR: % >0.90, Z:>0.85 F1( & )BMI>30 kg/m*)
YE AR S AE MS (2 BibRifEZ — . 2005 4F,
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WESW R MR — I E LRI IR T bR, &2 4
R WHR BRI AT 1 it A5 i 0 AT 200 2
ABFgErh, M e RS R A & ik &
PRIk WHR AT 2 5 D9 2108 BOCER T, BP9 &
P Ras 7518 M5 WHR ¢, HTFIES
PI3K/AKT #& 4% \MAPK/ERK & 1% Fll NF-kB iR 127
TZ2%5 WHR AHCHE RS, an 28 (5538
BRI B0 5 5 MAPK Gl %, #2758 Ras {55
IR S5 WHR PRIRAFTE— 2 B

PI3K/AKT j&#2F1 MAPK/ERK i@ 42 K H-BA 111
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%, PI3K/AKT 3282 5 305530 [ h Y 28 ik
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