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Abstract

With the rapid development of bio-technology (e.g., genotyping chip and sequencing), world-wide researchers have
accumulated massive data sets at different levels. Integrative analysis of multi-layered genomic data can greatly contribute to
the completion of causal chain from genetic variants to phenotype variations, laying a scientific foundation for personalized
and precise medicine. The integrative analysis from the following three aspects mainly reviewed: identification of causal
variants and their functional annotation, pleiotropy in human complex traits, Mendelian randomization forcausal inference
between phenotypes, and several case studies were provided. Finally, the importance of integrative analysis in genomic data

for precision medicine was highlighted.
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XY T oy M BIEIRZ ) 2,
BUANFEMERLE], FEH 70+ 70, + 7000+, =1
HE— P, GPARIRAE 25 % G WA SRR
RS, SNPIITIREHR A Z AP A7

Goor =Pr(Ajk =1|Zj1 =O,Zj2 =0)

o = Pr(Ajk =1| Zj1 = O,ij =1)

G =Pr(d, =1|Z,, =1,Z,, =0)

G = Pr(Ajk =1| Z, = I,ij =1)

AEGPAREEI, 70 . Zor, Mo, 7y oo
Goir « Dok « Dux DL Iz @y @y Sy A5E TR g o 400
Z 4, EM 2R SR DA 2803 g o
IZAE I B 2 BN R ] AR o A
Jo AR R R INE (false positive rate,
FDR) PrZ,,Z;, | P,A) . PK(Z,|P,4) T
Pr(Z, | P, A) KA 22 20 o s LA R B A
GWASHIXESE 5575 X Qoo+ Dok Trok
Qo FEAT 52 25 AR B T A ) 5 9 35 1 5%
BRAIAL RS kSR RB Y R AR 10 o

HE— R BoR, Eid Logisticld]
JHU2IAIProbit I a] 5 SE B KR AL F AN 1 RE R
O R, AT AR GPABI I BB S| A
BEUAY . DR A R R . R, 2 A
GWA S B SR B 3B, (RRE A6 57
PR B ISR DL Kz 55 G KAUSR T ¥k
R, 56 36 #lkE o0 TN 2 B BUR K
Al T A A

(13)

3.3 BETHERBHIMLEHERMER
X SR+ BT

HE R 22 200 o A AR TS A
ZHHR, N 0w i g B A
{8, BRI A 2 380 nT DU SRR R & 2
P9 BMEIR Z R R PR AR R &, X 2R
T7 M FRIE e 2 /R BEHLAG % (Mendelian
randomization, MR) . % /7 LA B 2=
19864F, Katan M BUWIHEH# I8 E HE

(APOE) Z R4 7 ((0IFE2/E3/E4) fE
% 52 Wi (A PR [ 7P, i E2 2

PR A I I [ B A T2 4R 7
FREEAL R BENL T, MARAPOEEEH )
HEATF AN FAB IR R ZE A 520 o R,
EIpGROREpn RPN E B ep i g N o2 S
T AR 75 A 22 S SR ) W /N TA If 3 IE
[i] P A G i XU . el RIEAT LA
IX—ARIEAE19 VA — IR A HHUOT, 38 ok
Sy DRI SR M R A 2 3 90 i Oy i DAEE
RAE S (ANAPOE) o THEAR 2 KA 58 54 5
PRIZZ (2 IfiL 2 iR [ Bk ) Fgt e s & (an
JERE ) Z RIS 2, AT DASS % G 1)
WS RAT I FAEM TSR SR RIS TR 2
FPER ], an R MR R 2R, T LAF
K, FET GWASHESE M ZHE MR BT 77
YR S T RRORER LTy vk Ao
B, K GWASHESRS M E R 1w A JF 3R
AR FEE TR T FE pE IR, MR
6 56 7T AR 2 f Mok 2 Il kT, Rokd™
BT RRRRNTT I FTEHE L AT, %
S5 1 BE AL A2 ) SL G0 A A A7 B SL R (G BE DAL,
BI IR T R R, 6T 22 L 0% A 5%
A DRI WAL 5 7 TRT ) BRI T I v i A 7 5
HIK, GWASHIAFFREEAR b BT R AR
HIAIEFE, ERTIEFEAS W7 B 5 KA A A
K, MR SHT K52 25 TR

A REEN R ARG AR 5 (G) h T
HARG, fEHEM 22 (X) X 5iaEE
(Y) HIERISR G ZR I, 70 2 DL N 34 B AR
At OGHMXHER; QBIRFAEIR I =
(U) [F] I 5 i 2 1% R 22 S A8 &, G
UTEK; @GHBEIBI XY, T ASGEAELE
At Y S SRR Y, A AR I 3 S A R I
R ABIL T, MRJTIEA BB IE 4 M3 W x
FHYFIPRERIC 2 (A6 TR ) o EARR L,
S QESRAEMM RIS, A% S X
WEM AL A, lnp<5x107°, MR
EIRBG B, S BIREMFQL, &
At R 2 (CARE RS 2 FEARINES ) 7T
BB S RIS G, BIAESLBRIY
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FHH I B G WA S 75 5k F [F —FoRf B
e AR AR T G S QERGR YA
BEA HREMRI, G XY LGB
23k . BRI R 2 U L SRR 22 B
22350, N I R TR B A= 2 A R
AT 2300, F DA A B R 5 MR 2 A1
BEAERE R . AT Z2 A AE S 52 MR
GIHT AR AR FE RN,
MR 7 Hh #5728 F 7] (L5 GL XL Y,
U) W5 Z T8 3 T A 2k 45 4 J7 R ok
IR -
X =Zn:ijj +nU+E,

J=1

, (14)
Y=BX+Y a,G +nU+E,
Jj=1

Hrh, {G YL MRS AL AL Y,
j'SYGjF(ﬂLXE/‘J%ZWj(/J\ (effect size), a7
G M YHIRIN RN o #5538 e /2 MR
SHTHIRR, Wa=0; EFFTEACT- 23501,
Wa#00 n My FRIEAFZX XY
SONAK /N, EFAE NN (5% 28 Ml e, pEE
TRX R Y FRSEI SN K /IN, A0,
FIRXFYHFAERIR K F o MRAHTHIE Y
AR AR LA T B R/ INIFBEAT R S ZR 1
g6, IR EISR G WA SR Z T I &L
P, M ETHIFEA G WA SHERE M g3t &
M R 431 77 ¥2: AN 52 H 40 10 BERA PR 4P S5 B
i, I R A RS XA, UL B A LA
AR O R R R 2R (X)) ME5 RS (Y)
AR U8 (effect ) AR A% T8 A2 HE bRk
%0 AP, o LRI o WY BT
A LAFRIR
Vi~ N(7fv°'Xf)
r, NN(B71 +a,.0y)
T Z PG Sk B G RE AR A W
GWASHFE, 7,51 MTMHSL (4 E 1
PR o B AR AL A 2 MRIBUR 451,
PRS- Z 20, Wa,; =0, j=1,--n5 #5

(15)

MIEER (G) - BEREE D —»}

RAER (V)

N

4Rl (V)

Bo6 SRRENEENRIE

FAEH Lo AN0, TS mpraflitt,
W 22l B4 S o A T AT L RO AR AE K
2 RUEAEAACE O, WIFR AP 7K
V2R R RGO 2 AU, e WFR N EE
S 7K 2 38U O [R] 223 e
H AT R T MR K B 58 S R e AL 2
AR ST R AR 2 U T T, A AR T AT
KEG N3P, — 2R IE, MR-
Egger "l id FE4 GE i) 7 77 22 Jin AU ASE 7Y
(inverse variance weighted, [IVW) 5]
N ELI, A& IE B TP B K 2 380
Co FUPEME AT O) WA RLAR SR IS o 1%
TR SIANBCR I 717 22, BERse
THRCE 88 R T HEEN G, XLy
% (WIMR-PRESSOPO GSMRIPIEE) S
X RTRE A7 AE AT R Y S AL e HE AT A
DU, G300 I A 00 ) ) S o 5, AR i e A Y
SECE B XTI B R
R AR R, (B Y AR AR R B AR
B A AT S B I, U SR T E AT 5
=Ry PR M RIEGR A s AT
HARPEAL, WWMR . raps®2fIBW MR
%5, MR.rapsTIBW MREMBOEAEAE R Gl
HIACTE 2R, 10 Hoa IR A FIE R IEZS 73
i, MR.raps B FULIR T 0047 S 4040
THAT, FHES R A0 pR L Tukey Hd 5 sR AN
Huberfii 4 s &4 T 7 2k &L, LIS
FFa M. BWMRIUIS A DL E L
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(Bayesian reweighting ) AR, 80 T
S AR A SR R S S 52
FF AT St B MR T, Sk
EAS[EEEA G WA SHFFE 508, 7] CAHE K
HURE MR Z IR R OG22, W T iR 2
P IoT ) R AL L 589 Y TIVR 97 LA K2
55T T B AT R A HE R

4 RPRH

41 BEEZSHELT. EHTHEEKEN
EEMEPEGWASEIE T

OB AR A B TR A% AR A
DA i N & S I T i = AN
PR R, P o 3R B s T R R
b RS HEESR. vl eSS E LA RE
71, B4R 2R e R aE ). A MIIFFTE
W, 2 R ER FEAIAIAE (major depression
disorder, MDD) POfEFEA TR ) R HE ), £E
G EAFAE R R A S T AR SRR
GPAMUTy 0t AT B 1 28 J5RN 28 A A
HIGWASHESE RUEH AN D REAYE (X B
FHeQTLEGR) H TR 2204, IR
FIX PR HARAE 8T EI o8 2R o TR A4 AT

R WERNEEIEENERDITER

e H5HE—1ER %I)\\IJJ‘H*E#;! S AR R R
[F] 4347 Hom (FDR< 0.05) /4>

THZZ I T T 1623

o AR e w5 322

MR 0 = 1653

o FEAARRE T = 353

MIZE IR 2= g0 3207

I R AR 2= 0 3739

LUz = & 3281

AR 2= 2 3818
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ZERLFRL, 2000 7R . S
HCWASEHHI T4 HT - T i ZE 38
R, AT IX AP BA s AR Ui
AU, RS 4R, 7y, = 0.793,
7y =0014, 7,=0, z,=0.194 K,
7, =0.194 (LUARERETE p=0) FLHIHL
o M R JEE A0 R AT e R AR AL e A AL
B, 2SR A E R, L E
BT A~ G WA S E 315 58 A L 2 3 3503
A, RS, R T 7% 1 i £ e ) e AL %
P, BER I 21 AR, HE— D
B E S

4.2 MBERHMEA LR FERHBE
RXE

AR FE T 1010 43 77K 59 I )R AR
USRS TR N B R I GWAS
R 476 B ESH, R 5 Bl a3 AT £E SE R HR e B
o B 2 MR B I G WA SELHE Sk I AL
22, AR P a5 8 7 Fh I fiiF 2 11 #5 7
T 28 P ot AN 14 3 25 1 g D7 1 B A
KFEH . IR R WAL #5SUE & B (total
cholesterol, C) . JEEFEFS (cholesterol
esters, CE) . B/ (total lipids,
L) . ##f§ (phospholipids, P) | #i# & A
[H % (free cholesterol, FC) . H il =Ts

(triglycerides, TG) . M52 A
EET o NRE & E (low—density
lipoprotein, LLDL) . 2 E 58&E T (high—
density lipoprotein, HDL) . BAIL%
8= H (very—low lipoprotein, VLDL) .
s pE IR 1 (intermediate—density
lipoprotein, IDL) . %2 Il IR & R 45K
/NTTEAHEAT 4043, WILDLA 43 L. LDL |
M.LDL. S.LDL&:, 57Ff A& et
55 AR S AH S Bk Can B AR AR
fEEL (BMI) &) | 50U A Sk (an
0 (CAD) L 4 (SBP) | &7 5k &
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(g) TJEHMARIE : JERIIATEGINTIAE R L (h) FhEefi: JERIAHTE SN DA

7 BLRNESMEENSIETE (BENTLD3INNEEEREN 0150 0.05)
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ABIE

®2 SREIRFRREI GWAS HUER

il PR BB H LA R TELAFR ZE AN
AR BMI PREEFREL body mass index [59]
FEhR BFP AR E body fat percentage [60]
Hip T hip circumference [61]
wC Jicza5E| waist circumference [61]
WHR iit=aue waist hip ratio [61]
BL HAK R birth length [62]
BW HiAE PR birth weight [63]
CcO TR R childhood obesity [64]
IHC LIy IESEs| infant head circumference [65]
Height BE height [66]
S mAEM  DBP ok R diastolic blood pressure [67]
KRR HTN e I hypertension [67]
MAP SE sl K mean arterial pressure [67]
PP & pulse pressure [67]
SBP W45 systolic blood pressure [67]
PVD S A B peripheral vascular disease [51]
CAD Sl O coronary artery disease [68]
HR R heart rate [69]
HRV_Pvrsa_Hf IONERAR Sk fR kR — heart rate variability index 1 [70]
HRV_Rmssd ICRAR S fR bR heart rate variability index 2 [70]
HR_Sdnn IORAR SRR = heart rate variability index 3 [70]
G RS AD SRR K atopic dermatitis [71]
PTG Crohn_Disease T R Crohn disease (721
Celiac_Disease G Fas e celiac disease [73]
Eczema TS eczema [71]
IBD JERENE 955 inflammatory bowel diseases [72]
MS Z KA multiple sclerosis [74]
PBC JE R R A A primary biliary cirrhosis [75]
RA BRI KRR rheumatoid arthritis [76]
ucC Voriz M 4 i % ulcerative colitis [72]
T1D 1 Bk PR 955 type 1 diabetes [77]
SLE RGN BRI systemic lupus erythematosus [78]
R T2D T ALk R type2 diabetes [79]
PEI ANM SHARIHAE RS age at natural menopause [80]
Dyslipid RIS AU dyslipidemia [51]
eGFR ”K/J\Ej‘{[@ﬂj? estimated glomerular filtration rate [81]
FPI )Y fasting proinsulin [82]
uACR JRE H/ ILEF urinary albumin to cretinine ratio [83]
AM EIRESEY S age at menarche [84]
FI 22N 2 fasting insulin [85]
M&ERG  AD B JR YK i R alzheimer’s disease [86]
F‘-f‘ ALS JILZS 45 2R fifi AL A amyotrophic lateral sclerosis [87]
MD BT AR macular degeneration [51]
Parkinson i< AR 4 A AE Parkinson’s disease [88]
FEREER Angst FEREE angst [89]
BIP URH 55 R B A bipolar disorder [90]
ADHD EZNipnd attention deficit hyperactivity disorder [55]
ASD F A E TS 2 F A autism spectrum disorder [55]
PTSD BI155 e o7 B A post—traumatic stress disorder [91]
SCZ K& 43 240 schizophrenia [55]
Stress =77 stress [51]
Depress A depress [51]
AN T R RE anorexia nervosa [92]
CAB AR SR TN childhood aggressive behaviour [93]
Loneliness M loneliness [94]
OCD S T obsessive compulsive disorder [95]
MDD R AARE major depressive disorder [95]
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(DBP) &) ARl 38w (I B fR
. RERHRESE) PR E RS
g (an Bl 7R YR I BRORE | A <8 AR £ B Ik
) R HUEE R (I E EADALRE . 2305
) LA A& e e (an 1 20E IR 9 |
ARG ARG E) o HARKKI M7 50 B
FTE: — U7, T ERNE A RS
Hb R DT IR ARG P T2 e o AR R
BRI R, M T MRE e g%
gk R i B A EELER, AR SCRET
GNOVAUSy g, XA A 4 Fn 5 A 2k
52 2/ 500 s (G AH o8 RECHEA Tl v B —
JTTAL, MR RN A 2 08 9 R TR AR OC 22
—H AR E TR EE A, XN TR
T A2 W B A EE AR SEA . L0
B, BRTRSERIBTFREM, g+
A IR ] Pt g o LA 928 9 PR 2 2
JEA o ASSC W FFBW MRy 35, 3o 1M R A
W RN 28 & 2 958 0 1 BRSOk 2 FH 2 ]
BRI SR 5 ZR AT 43T, DA TR A I g A 14
PSP A

E8E /N ZiEiTBonferronif&
EZ R FENEEHRKRE (p<0.05/

(101x57)) , Hr640%F B4 228 s A
KR Z ., B8HLIANIEMR, St it
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Y AES 4 R Ak PR BOSAG T (bRt 22, p i) PR AL BONEAl T (95% LA X))
BMI XXL.VLDL.TG 0.26(0.054, 1.4 x 10°°) P —e—
BMI XXL.VLDL.PL 0.26(0.059,7.3x 10°°) P ——
BMI XXL.VLDL.L 0.27(0.055,1.3x 10°°) L
BMI XLVLDL.TG 0.28(0.058,1.3x 10°°) P —e—
BMI XL.VLDL.PL 0.32(0.06, 9.6 x 10°%) e
BMI XL.VLDL.P 0.27(0.06, 8.8 x 10°°) P —e—
BMI XL.VLDL.L 0.26(0.057,6.2x 10°°) P——
BMI VLDL.D 0.26(0.059, 7.8 x 10°°) P —e—
BMI Serum.TG 0.28(0.055,3.4 x 107) P—e—
BMI M.VLDL.TG 0.26(0.058, 9.6 x 10°) P —e—
BMI M.VLDL.PL 0.3(0.063, 2.2x 10 %) P—e—
BMI M.VLDL.P 0.27(0.061,1.0x 10°°) P
BMI M.VLDL.L 0.26(0.059, 1.0 x 10°5) P ——
BMI M.VLDL.FC 0.29(0.054,1.1x 107 P—e—
BMI LVLDLTG 0.27(0.054,5.0x 1077 P —e—
BMI L.VLDL.PL 0.29(0.058,7.1x 107) P —e—
BMI LVLDL.P 0.29(0.057,5.7 x 107 P —e—
BMI LVLDLL 0.26(0.058,5.3 x 10°°) P——
BMI LVLDLFC 0.28(0.063,6.5x 10°°) e
BMI L.VLDL.CE 0.26(0.059, 1.3 % 10°°) P
BMI LVLDL.C -0.32(0.073,9.2x 10°°) Po—e—
BMI L.HDL.PL -0.33(0.073,5.7 x 10°°) —

BMI LHDLP -0.33(0.073,4.9x 10°%) —
BMI LHDLL -0.32(0.074,1.2x 10°%) —
BMI LHDL.FC 0.28(0.063, 1.2 10°°) — :
BMI L.HDL.CE -0.32(0.072, 7.6 x 10°°) —
BMI LHDL.C -0.31(0.065,2.2x 10°°) —
T2D XXL.VLDL.TG 0.24(0.054, 1.3 % 10°°) P——
T2D LHDLP -0.36(0.065,2.2x 10°°) —
T2D LHDLL -0.33(0.067,7.7x 107 —
T2D LHDL.FC -0.33(0.074,1.1x 10°%) ——
T2D HDL.D ~0.3(0.068,8.8x 10°°) =
-0.50 -0.‘25 0.00 0.25

B9 mEEREIRNSERERNERIITER
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