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Genome-wide association study of lean body mass in American
Caucasian population
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(School of Medical Instrument and Food Engineering, University of Shanghai for Science and Technology,
Shanghai 200093, China))

Abstract: Lean body mass (LBM), a good index for skeletal muscle quantity and quality, is regarded as the
important predictor of sarcopenia. To find the single nucleotide polymorphisms (SNP) loci and
susceptibile genes associated with LBM, a genome-wide association study (GWAS) on the lean mass
index (LMI) of 2 283 unrelated American Caucasian samples was performed and replicated on that of
1 000 unrelated American Caucasian samples. Then, a meta-analysis of the GWAS results and
replication results was carried out. The genes UQCR, MBD3 and TCF3, located in the 19p13.3 region,
are found to be associated with LMI. rs8697 (p=4.94X10_3) and rs56122285 (p=2.59X10_3) on UQCR
gene are of eQTL (expression quantitative trait loci) effects, and rs8110543 (p=6.88x 1073) and
1s7252741 (p=1.22X1072) on MBD3 gene are also of eQTL effects, their DB scores are 1b and 1f
respectively. The study further confirms the role of UQCR, MBD3 and TCF3 genes in lean body mass

variability, and provides a new theoretical basis for the understanding of sarcopenia.
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WL/ JiE (sarcopenia) f& 5 H 8 H G 1 . AT HE
B 4 B L s /0 AN (B8 LR BE R R sl LA AR B )
REIE 25 A a0 WL/ IR T3 AR AR B 11
B, BUEEAE S T AR BT, 4k R AR
A BESR . Bt EEEE 2 -t E S
X 1 0% 55 1 LD 1 RO R O 12.3%, N
4.8%, RAT BN GE B RN 6.4%, Lotk
N 11.5% B —IF Al T A BRI E 54 B
% 10%" . THE] 2050 4, 58— A AL A
FlE I NBGIK R B 600 T, &Y 254 {2 3E 0
HEATT T L m B AR S B g Y Wi
e o SR T If 1) S LA R ) —

WLZDE A9 4% 0 J2 B B LS 1 A o e 1 25 2%
FERI 98 e 5 TR 2R B B 3R vk It o 3 B2 pE X
AT7 . FIBURE X 2k %5 B (DXA )l 5 (14 98
KT (LBM) 2 WU E 0 i k™. LBM 2%
Pl SR RELE 50%~80% Z 1A, 5L/ E B
FHOC R S MR RIS h R B, 48 T 1 st A ol
32%~77%"""", WL PR T AR B AL B R 70%~
90%:! 7, R, LBM 3 i35 44 B2 4y LA o i 4%
SERFSCIRAL T R AT RS LAt . AR FR A (LMI)
LN RS R = IR e A

4 FE IR 21 5% BR W 5% ( genome-wide association
study, GWAS )zt — i o $ 4 8 > JE PR 21, %5 14
555 0 B A IR M 56 8 % T R A B AR
2. BBl GWAS #F5E B 4 & i £ SNPs( PR
R 22 251k ) 5 K T A5G . 2009 48, Liu %5 U
1000 4 4 N\ 42 598 (R 5 E 47 4 36 41 S R 4
& B F TRHRZE P # SNPs( rs16892496 Fll
rs7832552) 5 LBM .3 1K . Guo %L 1 627 %4
A Jy SEIRREAS | 2 286 44 BRI 1 ANE R I8 3E
FEAR AT AR B 2 FE R A BRI 5T, & 5 7 4
PRI RN BE LA CIT A C 1 GLY AT JE K 5 1 iy A
i (appendicular lean mass, ALM) J:5% . Urano %'
XF 1081 £ H A4 28 J5 d 4 ik A7 R BR A oY, A B
PRDM 16 KN 7EH47 LBM A EEAEH . 2017 4E,
Zillikens 2 %f 38 292 44 Wil A 425 LBM Fl 28 330
LRGN ALM S TR, 43 3I1E 63 475
H1 45 090 24 ASAH G B B A b AT 56 0E, B 5T
&P VCAN, ADAMTSL3, IRSI il FTO #:K 54
£ LBM Fl ALM #] ¢ Bk . 2019 4F , Pei %5 Uxf
ok F 368 DO ERF ST BABI N 6 587 44 323 1 fiik
TR E AT T R, KRBT 6p21.1 4bHY
W > 1) fiE 78 1A (1524533 Fl 1s571770) 5 LBM A

K, JH# Cis-eQTL 43H & 3iX e SNPs 55 NFKBIE
FE R F TR A OCHK

H T % 5 WU RE AR SCHR B LR, AR SR
2 283 ZAAHH I 2 [ E I AREA A7 3 T A A
IKH BRI M, FEAE 1000 44 AHHIE 1Y 5 [
RNFEARFIGIE

1 M5

1.1 HX

W55 5 5 # 2 3 E L H i3 1 (Omaha ) FIHEE®
I3k (Kansas ) K JHJE) 10 b DX #1355 (%) g Bl A, BF
FEAF B T T B i R A A I B A B i e AR
P By oAb o BT WY A TE HE A9 Z HT D
PRt 7 P AEFE R, I sl TR AT Ty
AL RIEFESEMRGE A, PFRRA
WL E 352 A5 F 9 v )32 107 R B9 HE B3 s o X A A i
Trvia, hEbe s BB PHPEZE R

WFFEFEAS R 2 283 44 A AH 1Y 32 B & & Az ik
HULN, AUHE 556 BRI 727 Stk B UERE
AHT 1000 25 ASFH G 1Y 35 B = R N1, a4
501 24 PR 499 24tk . WEFEAEAS R IERF 41 2
HEAHEE.

fdi Fl Hologic 2% ] ) DXA4500( Hologic Inc.,
Bedford, MA, USA) & % B2 {Cu i 52 4 #EAT R
FIRE 7 2 O
1.2 EESBEMREES

a. MFRFEAR . R 32105 10 mL A9 5H)E
FRKIL . A IR AR ER) DNA $2 B0l & 17
DNA 25, $2HU5 % Beckman /23 7 ) DU530 #
1% /2 1177 ¥4 ( Beckmanlnc., Fullerton, CA.UK) i
A7 ve BE AN 46 BE 1) i . SR H Genome-Wide Human
SNP Array 6.0 ;03 F (Affymetrix, Santa Clara, CA, USA )
XIRIFFEREAS HE AT 3 R 43 78 FEAE AR FT SNP /K- I
PATREH FTEERAS R . AEAMAKE, i PLINK
TR AR S X Yo R i 56 DR 7R 55040 DT o A AR 1)
PR, ISR E e SRR BIE L, KA B
(19 LA S5 A5 R —Bmy SR R . 7E SNP K
L, FTERIE AT SNP fF 5 LLUF 4 SR [N 4 7Y
A 95%; M HRAAE AT K T 0.001; SR
PR KT 0.01. S5 A 746 709 > SNPs {4 B2 78
A

b. BIEFEA . FEIH 73 AR H Affymetrix 250K
Nsp Fl Affymetrix 250K Sty, it 72 #2 b5 #fE 5 B8 vF
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1, 2647379, 319 4> SNPs I T RIK AT
1.3 SitFEaE

T L8 R S FR 3 (LMD /E S £ /L, SR H
SPSS 19.0 ZXAFXIESR] |, AFHE | AF W% 09 J5 Al 17
TV IE . Ry Tk S AR S )2 B4
S I B B B PSS R, SR R o A ik
(principal component analysis, PCA ) 1F 2 283 44 3¢
E SR ANFEA PR 2 . TEREA Tk
W — T RFEAIT BT 5y, TEREA]
M8 sl B . BT S A T, R
54 E R EX R B FEATAE . ] PLINK K4
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T 388 A AR O A TE S B R AR BEA T OGR4 BT . 25
HSY BRI Fisher Jrik", 3 BFIAEA FIKUERE
KGR IITEI, /BIEIH plH.
1.4 Theef
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PRI BRI B PR R TR a2 1L T B 2 B Y Rk B
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PE4E4 GEO, ENCODE 4531 H Ui 46, il i oF
53%F SNPs JE AL T A s+ X . Hgsm X h . 7%
e P85 07 DL S DNase 0% X 47 v o

2 4 B
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¥) SNPs 1s8697 (BF 58 FE A p=2.50x10"", B iF #EA
p=2.33x10", & I p=4.94x10") Lk % 1556122285

(WFFRREAR p=9.92x10", BiFREA p=2.85%10", &
I p=2.59x10") 5 LMI X It . MBD3 % [ | f
111~ SNPs DA & TCF3 £ [H |1 3 4~ SNPs 5 LMI
FREE, BRFERIITFER2J,
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PO X B, 025 5 W 75 eQTL (945 & 7 4 -
DNase 0% X 35k (1)) DNA 43551 1 B ifii HL 2 A 0 X 9%
WHIER, TE—E R ol LI DNase fBU X 1
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K H GTEx %} SNPs # 17 eQTL 7 #fr , & 8
16 /1~ SNPs [ eQTL #I 5L K 4R J& UQCR,  Ff ik )i
KA BIVEN (% 2) . GTEx #Fif)75 %] UQCR H:[A
FE BB L I8 B (R 1) A rs8697, 1556122285 )
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T T BRI SR AR

"4 UQCRI11 EH ik

1.6

1.4

1
MSCLSK 441

1 UQCRI11 ( UQCR) eQTL EREFEALR X E
Fig.1 Structure of the eQTL gene skeletal muscle expression
of UQCR11 ( UQCR)
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Tab.1 Information of the discovery sample and replication sample

» [E N HESEISIHIND) BOTE AT (56 [ 1 A AT
FHE = = =
Ko 556 1727 501 499
IR (AF) 50.71(16.05) 51.59(12.92) 50.65(18.60) 50.00(17.90)
1R /kg 87.08(16.70) 71.46(16.00) 89.20(14.90) 71.39(16.10)
H#/m 1.71(0.07) 1.62(0.03) 1.77(0.07) 1.64(0.06)
Jighi ik /kg 20.67(9.30) 20.92(13.20) 23.46(8.88) 26.92(10.33)
IR PR kg 66.60(9.59) 46.85(7.04) 63.67(8.22) 43.49(6.69)
IR E R AL 2.15(1.04) 1.75(1.31) 2.01(0.22) 1.62(0.23)

T FEAE B A P E (bR 2E)
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F 2 19p13.3 B SNP FIHXEE K eQTL S TER
Tab.2 19p13.3 eQTL analysis results about significant-association SNP and genes

SNP  WHNIE SFAiiA MAF(RM) VEFINLE AFSS ARE p (6 BIEARE p(E A9 pfH #H  eQTL £ eQTL p fH Regulome DB 343

138697 1598204  A/G 0.22 3.UTR  2.50x10°
1556122285 1607188  G/C 0.22 — 9.92x10”
157252741 1580335  T/C 021 intronic ~ 6.31x107
1s8110543 1589065  C/T 0.20 intronic  3.25x107
rs11666675 1608062  C/T 021 _ 7.87x10°
152238588 1576929  T/C 0.16 PUTR  9.64x10°
1516994495 1576933  T/C 0.16 3.UTR  9.68x10°
rs11670112 1586933  C/T 0.20 intronic ~ 4.16x10”
rs11669864 1586989  G/T 021 intronic  3.86x107
rs8111084 1589108  A/G 021 intronic ~ 4.80x107
158104174 1584310  G/A 0.20 intronic ~ 4.22x10°
rs11673518 1590584  T/G 0.20 intronic  3.24x10”
rs11668862 1593541  T/C 0.20 _ 2.92x10°2
158103100 1610363  C/T 021 3.UTR  8.88x10°
151052918 1609670  T/C 0.22 3.UTR 161107
1510415670 1614821  A/G 023 intronic ~ 1.60x10”

233x10°  4.94x10° UQCR UQCR 1.55x10° _
2.85x10°  2.59x10° UQCR UQCR  1.92x10° _
261107 1.22x10° MBD3 UQCR 5.28x10° If
262107 6.88x10° MBD3 UQCR 4.17x10° 1b
245x10°  1.84x10° - UQCR  5.92x10° 6
1.54x10°  1.11x10° MBD3 UQCR 1.54x10” 5
1.55x10°  1.12x10° MBD3 UQCR 2.59x10" 5
253x10°  830x10° MBD3 UQCR 847x107 5
2.74x10°  834x10° MBD3 UQCR 881x10° 5
252107 9.35x10° MBD3 UQCR 4.36x10° 5
257x10°  849x10° MBD3 UQCR 801x10 4
2.6x10°  6.87x10° MBD3 UQCR 6.59x10 4
253x10°  6.09x10° MBD3 UQCR 1.56x10° 4
2.42x10°  2.03x10° TCF3 UQCR 1.16x107° 4
230x10°  3.29x10° TCF3 UQCR 1.82x10" 4
228x10°  3.26x10° TCF3 UQCR 222x107 4

: #id GTEx 1% eQTL 3£ .eQTL p {H; T Regulome DB (YT AETIN 55 DB 1553,

UQCRI1 JLA-HB#%
19 1598203_A_G_b37
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B 2 rs8697 #1 eQTL EERILE
Fig. 2 Strueture of the eQTL gene expression of rs8§697

fdi F§ STRING % 1 H.AE M 46 %} TCF3,MBD3 #H
KR AR 8 B AT 2B (Nl 4 778 ) . MBD3
R A A% /N A T 3 R 5 2 AL (NuRD) &2
YIRS, HABRSFRIRIE CpG g5 4™,
TCF3 75 [ #0 5L A ) 635 IR T4 1 41 i ik &2, i

UQCRI1 ILIA-H8%
19 1607187 G_C_b37
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-0.25

HEALFEIA R IK
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1

—-0.50

—-0.75 - -
WA AATE

(AA) (N=315) (AG) (N=164)

WA
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3 rs56122285 #9 eQTL EE RIEE
Fig. 3 Strueture of the eQTL gene expression of rs56122285

i A TCF3 FlZ 2L FR i 1 3R e —3F 12 i€ (bHLH)
PR 119 S 3R MR BRI A e e R D S K Ol
PEAR A3 BRI 2R 2 B HL ) 72 B LAY 4
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Curated ¥ — ik
— IR E HHE BRI
SCARYZ AR — JEHILA

B 4 TCF3 % MBD3 5AlARIEBR STRING EHREEMLE

Fig.4 STRING protein interaction network between TCF3
and MBD3 and muscle metabolic proteins

3 i #

UQCR (ubiquinolcytochrome c¢ reductase ) 7 it 2Ji]
MR ¢ i PSR AR S L2 T
HEE L A0 IC R, TERHEE Q S AL Al i (A R
¢ i R R B A SRERT. 24w m
S EL S 1R R, Ho, B 3 A
AR, R EER b AR ol M
Rieske ki 117, 75 “BEMRIRTF (ATP) f9E AL A
B AR ] AL B R B AR b, I8
REFI e mAE LR AR FRERE o 76 JLE AL
AE N R 22 LA A B 28 WL IR 3 95 S8 vh R B
BRI Bz,

MBD3 ( methyl-CpG binding domain protein 3 ) F
I CpG & W HE M 3 &4 NuRD E 5911 —14~
WA BEAh, NuRD ifJE 1 HDACT (43 H M £ Bt
fitf 1), HDAC2., MTA2 Fl RBBP7 74 i f) 2 WV 4
A, HAE DNA B 1416 52 53 72 1L K DNA
R SRR T R EE )R . HDACT Al LU A= Lok
5E K7 (MYOD) 2 Z Bt AL 3B I MYOD 773 fb 4%
PEF SRR F™ . FENLANI S ERS . HDACI
AR S MYOD ALK B3 A 3¢, )5
F o #0.

TCF3( transcription factor 3 ) %% 5% [+ 3 7] ) 4
T W2 i — A 2 i (helix-loop-helix ) 4% 44 %) % 55 K+
E 12 (g R FUE 79— 1) B47 (s 7—3 )1
E12 I E47 Bk A1 T LAS A L 5~ (MYOD)

1 ILAR AR B R (MYOG)AHEAEH, 25 L4940
HE Sk BHLH 2K (19 845, bHLH % 3 H 75
HALFE MYOD, MYOG, A JLHF 5(MYF5), 4
WL 6(MYF6) FilAE JLJEY K1 4(MRF4), ‘E1]
AT LA WL AR Ak, SR PR LT 45,

R A L AL OCHR A ik, 7 2 283 B ANHH
Ky m g A b &3 T4 UQCR, MBD3
H1 TCF3 Y 16 4~ SNPs 5 LMI /5 %, iX 16 4~ SNPs
HBEA eQTL 2, nIRES Mo FEAE .
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