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W E: A48 4L B4 L BT R (genome-wide association study, GWAS)#& 224 &, FEA K H 2= 9k 9 o K AG R
LR X IRAT I 77 @, GWAS S 472218 ) ASAE A — AP 2 A 0 SATITAR L 77 i, GWAS RAA R 2 89
BAEE T, MR LT G BRA R S A A FAa L, Bk, F 3 GWAS & RBATRANNKBEILE, AT
1B 34849 5 H7 7 ik (pathway-based analysis, PBA)#t 2 A B 3K I8 2 4t | & 494K 4H8 3445 48 X 13 8 2 569 3 GWAS
S RIAT ZRAZIAG T R, H T R GWAS 2R IEIE 5 IR R R AR X B BB LA AR R R a9 R A
L BIE, AT RAT I % 0934545 8, 3T PBA 69 R L 3+ o sk Ao bl R SR AR REAT I R0 ag, A A AT
WIS HITRAESRT

KEIF: AR RAKKESH(GWAS); K Tl R a9 5477 H(PBA); EAZH R % S AMIZEF; Rum; REMK
hE#S3%S:Q-31 XERFRIZAD: A X EHS:1007-7847(2016)04-0345-08

A Brief Review of the PBA Methods for Follow—up Study of the

GWAS Results
ZHANG Yuan-sen, SI Tian-zhao, YANG En"

(Faculty of Life Science and Technology, Kunming University of Science and Technology, Kunming 650500, Yunnan, China)

Abstract: With the idea of genome—wide association study (GWAS) presented, it has been widely used in rice
agronomic traits and human complex disease. GWAS typically focuses on the analysis of single markers, and
is unable to cover the relatively small effect sizes of genetic variants. However, the combined effect of rare
variants is often closely associated with phenotypes. It requires in—depth data mining from GWAS results.
Pathway—based analysis (PBA) method has been developed, which uses prior biological knowledge on gene
function and biological metabolic pathways. By using PBA, more information about the pathway and gene
sets with same functions which are associated with the diseases or traits from GWAS result could be ob-
tained. In order to offer more reference to pathway-based analysis, the development, methods and related
software of the PBA were introduced.

Key words: genome—wide association study (GWAS); pathway—based analysis (PBA); single nucleotide poly—
morphism (SNP); bioinformatics; disease; agronomic traits
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FET 38 B 19 4311 )7 1% (pathway—based analysis,
PBA) 2 A 7 b i [R] ek Hiaha i S e >k i FH 1
4 LR 2H SRR 5T (genome—wide association study,
GWAS)JFZe i) —FhJr ik, it 454G GWAS 45
G — AT RN 73718 FERAS I X A P S
PRI AR AR SCHR 2, # GWAS Firf 43 U1

i B EE: 2015-12-24; & B HHA: 2016-03-18
HETIH: oA R TR AA BRI H (14118480)

FA AT IR 2 51 (single nucleotide polymorphisms,
SNPs)v 5 4% HEAS [F] (4 A i i RS, sS4
T [ I 197 /0T I TE] 1 22 e, X At B T I 1Y)
GWAS Bt B, X GWAS 45 b1 79 1k 4>
Br, B BIFRATN— RN GWAS Z5 R b ik
ARG E . ASCEXT PBA 19 H 3L 7 vk FIAH

TEER A KILAR1989-), B, mMIEA, BULOIFTA; " EIEE: #18.(1982-), L, BTSN, 8L, RUTHT R0, F2 K4
W BEFIESR, Tel: 0871-65920759, E-mail: enen_yang@126.com,
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KRB HEA T fa 22250, LA AATTiEA 73 i 23 B
’t=%,

1 PBA RKEE=

RISy BT 2 — Tl A R 3 A A2 (quantita—
tive trait locus, QTL) %5 A R L 5L A 114
A5 S DA A i A S 2 R A 43 M 71, GWAS
%SG Risch S, BRRAEE A2 BRI 4HE
Rl 3R A R 7 0 AR 5, BRI AZ T R 2 A
A 5B ARDE R SNPs., H 2005 4F SCI-
ENCE 245438 T 55— 500 56 10 o J5s o B A0 4 11
GWAS i 5EPLIE, GWAS 16 AN A5t o5 1
T T F K TR o Deng 25 IR YLAY FC Ak th 51 E
B Chagas {CHURH T GWAS W5, AN 5.0 L%
T BEAHOCHY SNP V7 5 (rs4149081 F1 rs12582717,
P<10°ERLT 12p12.2 Yetafkfy SLCO1B1 LA I,
It H 5 HAM 3 b, 207 R 2RI 44 AN
SNPs, Cheng 259z FF] GWAS 2387 & B T 7] REH
I e 2B P SRR XU (1) 5 A8 3 PR X s, ol
FATREH — 2L T 15 NS & A st AL 3K sl A
o MO, IR T X L PR AR S i
JAUBS: AT BB SR PR, X R N R AT B —
IR E X o Hou ™K A ConLiGen [ 22 N3&
AT GWAS BF5E, R 21 S 4Lt fk b1
4 A 3% B A SNPs (1579663003 1578015114,
1s74795342F1 rs75222709, P<107) i) B KL X )3
lithium V577 SV AH & o 5 7 lithium V697
0L P8 2 0 2 O ) O 1 R B e PR PR Y
HE P Gage FIXPIFHIT T GWAS 5%,
BRI i T AR RE SR B e KU A TR
WHEAR S, AT T SR I TS AE v A fE S A
K, XFEE S A BT LA B A 10, A B
T U s 18 A 0 7 SRR o TEAE P B 52
GWAS 5] T—E iz ¥, Huang FFHGWAS
Jro 0T T 5 RIAE (Oryza sativa indica)f) 14 F
IKREA AR . FEEHERE b, 3% B 3 14 A
BHECE Seh ik B S Tk, i1 GWAS A2
D] 3 () R A B4 T, JF % 32 AN K HR AL
A EAR GWAS CARA RSPt o i, (2
B HA — /R, £ NEW ENGLAND
JOURNAL OF MEDICINE 4% FEFXT GWAS 447
AR PFHEIS: GWAS FURSER RSB e i 5 —
A, T SR A G A AR R B PRI, I8 4
GWAS HIEHZE M4y, i F AT IR AW .

Kraft Z5BH2 1 T meta 23047, AT TINH meta 4317
AT DASR AR RS 49 RS DAk A AH N I IR 1 JE
Goldstein™ I\ K meta 4315 = 245 BN (E K
i 155 PEA 1A% T BRI A R A5 114 A 5 AU
A Ay SNPs [8] 1922 HAE RGN 152 2580 1 R
B, fca, Hirschhorn™'E LAl B3R T 36 F
W EIHTFE Tk, B PBA,

2 PBA Fi%

Hii, A ZMAFER PBA J5 A4k A 1
HR 84 A B (A [R) AT LAKS PBA J5 i K304 h
Wiz —2KR2“p {E%%ﬁﬁi”(P—value enrichment
approach), & 7EHE —41HF¢E 19 SNP {3 &5 sl JE K]
PEETAFEMKKES . XMITkRE 2R
) L, (H R A AR AR IR 2P, J1— 2K
IR LI J5 327 (raw genotype approach), {f FA~4
IRV SNP AR My A K, DT 34556 DR K P
A RIS o 120 T R AR AR
HE51, LATREGE ps g it 8 3, DIBOTHR R R
R, MRIE RGBT AT LK PBA 574 REL
A S E RaRegiil ” (self—contained) Fll “E Ll " (com—
petitive) W5 2121, 7 41 & & PBA J7 &/ T B ALK
GRASS'HI PLINK set—test"”, $24+ )5 35/ T H AL
$& ALIGATOR ™! i ~-GSEA4GWAS " GenGen 1!
GESBAP?! GSA-SNP* GSEA-SNPZIF1 SNP ratio
test?, l T GPEROCHRA B R T L2 5 24>
SEA AN [ 3 %, D056 56 T 05 Pl BB 55 1 PR R DG TR
FIRV 3 e i AT AT I SRS, BT LASE P B PBA 5 vk
WA T . TAESE 8 PBA J5 i
Hh, LR 4EE B2 43 HT (gene set enrichment analysis,
GSEA) R 77 1/ T H. ({1 35 i~-GSEA4GWAS |
GenGen ,GSA-SNP F1 GSEA-SNP)J& S IAAY i 5
EYGPIRz

MBI PBA 50510 AR SNP—E [N
B R4S LB A 563 PR i 3464
ﬁﬂ%ﬂ@%%ﬁj\fﬁ(enrichment score, ES)LA K W] PF
il B SE 7 R AR . BLREE
KA PBA J5ik A TR o A4S, MBS
21 BEEXFHEIR

T RANER — D RTE R A
AR AR AN I BE BT R A A AR P A
WG BT A . TEAMIPREE T, —> i % 4R
F—FINHARHEDRER > FAT NN, TS,
W Z AR S 5 R A E D R s AR A B P
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FATLEM T PBA 43 Hrad B2 rh o] LRSS B O i %
SRR 25 A ) ad R g T

Pathguide %04 72 S At 1 O 9 18 Ji 5% PR,
LI 5 P B A 7R TR R R . e Kyoto En
cyclopedia of Genes and Genomes (KEGG)™! Bio-
Carta 1 Gene Ontology (GO)““‘&j:%%M)}%%E?
BN, I B IR . 5 GO AR R e ik
£ Database for Annotation, Visualization and Inte—
grated Discovery (DA VID)EHEZE2H Protein ANal-
ysis THrough Evolutionary Relationships (PANTHER)
BARPES, HAh, —SCB R ZERE Dy PBA J3Hrd it
B R B EE A R B EE .
Molecular Signatures Database (MSigDB)#& it T
987 5 DR B DX B P 3k B i SCHY — R 51 SR
B, —BERg SR 1 —BEFA N A 130 K
el . A VFZ, W Science's Signal Transduction
Knowledge Environment™-2& —/N & FH T 41 i E 5
1 % B 2 MetaCy ™ & —1> 3 FR A5 4 B 4
P E; TRANSPATHP?E: — N R e e . 24
IR, WA — e [T 2 11 2 1) AH AT A i dla
JES, 40 BioGRIDPM, X T FESERp TR B S, Y4
PEAT PBA 3 Afr ik T LARR 5 SCHR A B =l 2R 2
EREILVE STilES Gt
22 PBA Hi%

PBA 553 th BABE [N 0 M i A SR ik, BRAE
TEAWRLAL

B LR EE R 3 M 5 0 AT 4 A5 TRk
B, 35 DRI, TS R
[E6] A7 Mg P e S0 5 DRI Tl T2 SR
{H; 2)5 DR, WiramIRZ RA g R X
AR LA, (H X e (R 9 A W) 22 D RE AN — 2 3)
AT RESS R — LR B IE B 4) Rl — R
RGAEW AR BEATOFIEIE, ok B PR BRI
HAG#E ORI PTREA R . o 1 s fiRix 2t
ST kAR, Subramanian 2P T GSEA ik,
GSEA il i ¥dla i A I ES Al ES IGETTK
2B AR 4 PR E — 2 LR AR
SRR

Zhang S5"%F GSEA TPkt A Tk, Hdn i
improved Gene Set Enrichment Analysis (i-GSEA).
i-GSEA 577 FURAE A 19 ES St F3fe R 4L
(i PRI AR v 38 28 R DR 1 L 18] /4 PR 2 o I
JEN A HL) . i-GSEA 112 GSEA #y—AEH, 38
1L AT SNP AR 28R T 1 P LU B T A 2R I

L) ES {H, 1 HHE ) T Bt & B 2
R 2 PR 4, X S SE RSB0 5 W 5 SNPs, 5
GSEA fHE, i-GSEA By R HUE A Frdd s .

3 FF PBA BUEREEAY

A REIE T ST, R 72480 K5
PR AR K B . GWAS (R EAT B T A
AP BHR ST IR & g, 4 i-GSEA4GWAS .
GenGen .GESBAP .GSA-SNP . GSEA-SNP . PLINK
set—test FI1 SNP ratio test 2, AN SCHl JLAN R UL EK
T4
3.1 i-GSEA4GWAS

i~-GSEA4GWAS J&f# ] i-GSEA Bk k%5
GWAS 25 3% vp JC I 3 {1 1Y — PP 7E 28 T B (htp://
gseadgwas.psych.ac.cn/)o AN T £ 40 1 K
S AT LG 3 7 A A 1 A e -
GSEA4GWAS.,

i—-GSEA4GWAS 7E£E T H X5 B A SNP %
P .SNP ID F1 SNP P{H. )70l At PIEY: b
N log(PAE) I ELEHE F . R T B CRISCEE 1) 3 %/
AT 2 WA iR, i-GSEA4GWAS 7E4 T H
K FH MSIGDB v2.5 B FRGH %5 o X SE il
Jak 3 /BRI AR A T KEGG (BioCarta Fl GO
FELTTIRIN A . A, R rT IR A
S

i—-GSEA4GWSA 2 ¥ f i 1Y & FDR /N T
0.25 {38 . fiy H RFAIE J&— > Manhattan plot, ‘&
AT DLHS B P T 52 b b 45 R R ASEA JE 11 S B 245
Ho FEGERTUHRE T SO BB RINAA T2
Mk, A, FERR P iE A TR A LU A A C
MRAE, i~-GSEA4GWSA F2 /7 045 R B k% 5
MR

Zhang 2535 Tl i-GSEA4GWSA 7E48 T 573 3
X HIV-1 8 2kE GWAS Edft K SUR 1 b i
(bipolar disorder, BD) GWAS 45 S 47 — k43 H713,
2E IR s ribosomal % (FDR=0.047) st myocyte
ad pathway i }% (FDR=0.040)F1 1, 4, 5- =8 AL
sz (AL ITPR1 #8'5 HIV-1 R 5 2k AHOC . X
MR B A GWAS Z5 1953 b7 B A BEH K
AR 351 18 2% (FDR=0.036) A4 bt 2 iR 14 V1) i 176 1 1
% (FDR=0.041)5Z F %

3.2 GenGen

FE R 4 5 4% o Bt (genetic genomics analysis of

complex data, GenGen) F=BIEFF Xt {524 Hh &2 2%
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Bl e T N A B — RSV, T8t T
Z (http://www.openbioinformatics. org/gengen/)?!
GenGen F& A BRI AR A E T RERYEL
o T %, TE 2 95 DR 2R o THI AR B0
AR perl 155 15, HE SR FERME C
B, IR 32 /64 AL linux Gt PIILVF
2V BB A LRI RGEGE A A DE R,
NI, 381 TR PP AN X AR A TS

GenGen LA 6 N FZEHRE 7, Hrp A
calculate_gsea.pl AT PBA 4387 . R & IR
T GWAS 45 T SNPs: 1 Je 6 7E — A~ 45
FE A PR A E DI RE— 20 SNPs, A5
61 GSEA 531 DA 1 368 ¢ v 0 HY 0 W 25 1)
H, EORTHEEBE G R L R
ity B AT ]

GenGen F£J7F 2K 3 A~ EE 4 A X, —
A IR GE RS, — > R R e 91 25 2R A
— > SNP—KE [ [&1 33 SO Bl i i e S0
RIGAE RS o — ] B A ) 245 0 B o 1 571
[ SCAF, S5—51J& SNPs 19 ID, 55 Z 4 ZXT N P
(EEE P aye vl [N s ] S L X IR g ]
FEO T A SNP i J R e ge it i, B4 5 A
10 41, Fif =41 J& X SNP B — At &, 4n SNP fy
ID. Frfedetafk, (i, mHERIRERERS S,
1 SNPs 07 HE K A : B R IZH 4 BREH )2 P
{EA x* (o SNP—JEHETRESCIF 43474 —41): SNP
(% ID EE[A 1D 1 SNP 5 R PR (9 1 2 o 3l i o SCSC
PERRAT 2 — I B, 1P 5300 2 i % 1D Al
T PR, B 8 i S E AL

GenGen F2 17 T2 G+ BY GE 4G DN Jr ik - i 4
5 R EAE B R PEA FDR (H. 1817
GenGen F¢ J¢ B 0] DL EAT S 8008 %%, Q2 2% 5¢ Bk
SR R 5] X6 BB AN S s LA K it
7 SNP-JE A B8 S e, i g R S AT LA
#h7E, FL A LI,

Perry 25132 F] GenGen 2 /7 X} 2 B IR H
GWAS B #1143 Hr, K BRAEIRAR th Rk /) CC-
ND2 SMAD3 il PRICKLE1 K& [H 41 iy 5 [H £ 5
2 BIWEFRIAH G o
3.3 GESBAP

T I EEZ 53T (gene set—based analy—
sis of polymorphisms, GESBAP)Z M ff# itk GWAS 7E
S Briz FH A AN 5 68 32 R i Jr B ke ) —
FEREE D HT A Java Fl C++BE T 4i'S, http://

bioinfo.cipf.es/gesbap/), H: 37 $:¢ 5 LU fbR D fiE 2k
RS2 5 2 A R 2 9 R . GESBAP BRINA) T
VER RGN “EA 7, ZR T g R R
REDR B — K WAV P TN IK S 1, X AT RE
BRI TA) R BR 25

GESBAP T35 24 A—~4 SNP ID 2
X OCHR PAELAY SO0 Fl T AT — A LA R
Fros 4788 AT UL B Babelomics B {28 4104 L 4%
AL IDF, T RL GESBAP RE4%52 ZFIE M5k
P&, W DI EZ 5% (copy number variations, CNVs)
e FEXF I B8 DI P ARLSCA B DR R X ) Sk
PAESCHE . IEAh, GESBAP i fig#52 PLINK F2/F 44
FEORWAGINARFHAY P {E. H AT, GESBAP R HAE
T A /NRAKR A SNPs 204 FHF AT A
GO KEGG #il BioCarta 3 # %# 2 i e 4% — > 5
B Z IR R B R T o3 M o i
BEDRDRE R 223 U8 i FH DG B ) R A0 R R i
T R A T 128

GESBAP FJ7 i F1 58 4 B BEAG 362, 70 Hr i
1 P AESAR Y SNP 45 JE P, foff L R AR #r
(gene set-based analysis, GSA) #£H JEK 51 B
A RIS —ZH AL, THIY ES, X 4L T RE AL
PRI st 1 i) P 2s DASNRIE i s o oAb,
HH Y 38 A X 2 I BB PR Y Bh BB 2RI B o
Medina %211z Fl GESBAP #2 )5 X FL AR # GWAS
BERVEAT BT R I, 15 LR e A G A T 1
B 5 [ 52 AR 2 11 s S PRV 5% Rl B AR
ol SR T (e TP R A — i e R T R BTS2 1A
() FGFR2 B:[H
34 GSA-SNP

GSA-SNP J& 3 F JAVA B /P RIHEF I A
) — B, B— RO B 5 T Y
#%43H T H (http://gsa.muldas.org.), [F] B8 J&—~
REFH T 191 26t BRI E RS R IS 1Y 5 BT
AP b 7 5eit 7k ARy GSA J5
LR GSEA 7 15P3 AN AN [a] ) 2L I 4R 2304 75 7
AT AT

GSA-SNP 75 E 5 A marker JCEREUPE (marker
association data), marker JCHCECHE £ 22 SNPs %X
Y5 . GSA-SNP F2 7 if 75 Z by A KL R A2 B4 (gene
set data): 7EBRINIEOL T GO E5dl 4 1F i %
PR, P AT LL A% MSigDB JE 2 (http://www.
broadinstitute.org/gsea/msigdb/) f*) i [ & L ECHE -
HEAb, AR RE A SN BE 2RI P 4
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JERER T T SRR il iR, R
SRR SCIRAR 5 e i 3 535 DU i 1 5 P TR A DG
K P B DR 4 K T Y P AL

Nam %5712 ] GSA-SNP #4243 #r 12k
H Korea Association Resource (KARE)Mf &1 ! fY
Korea Hi[X. 8 842 MAZEH 1L RIS, DHFE &
B COLLAGEN .GOLGI_STA CK 4§ 12 3L 41 i
AR DR AR 5 B v BB R O, (HS RO A L S 3%

PER,
3.5 GSEA-SNP
GSEA  -SNP  (http://www.nr.no/pages/samba/

area_emr_smbi_gseasnp. ) JE AR CWAS 11—
I T A PR A A ) 53 i ) i DR e 2R 73 B
F, TR A RIBF ORI TR Y . HAS
AT — Bk, BIEHRENE SNPs & HE7E— >3
#H . GSEA-SNP A7 i T SNPs A5l 113 i 42 5
DL T A B A o B

GSEA -SNP Xf Fl F % [H 2 ik 48 43 Hr 19
GSEA J7 2P T PIAS 5 T A ik — 24 Ak
list 482 SNP Tist; — 2] FI 2 T2 i 5 N Bl 2
BT AL BRI GE T 5 ok FIE SNP SCHR AR B Y
K/No Neibergs %524z ] GSEA-SNP T H A E T
A= BRI S5 R AH OB [, 7F 5 2 B 4 i oz 3 13
¥ KL N #E (EDN2 . TDGF1 . TGFB2 #1 PIK3R1)5
SRR
3.6 PLINK

PLINK 2H C fl C++iEFwWE M —1HF
A R 2H SCHK A3 A i A1 4 (http://pngu.mgh.har—
vard.edu/~purcell/plink)"", [ THFEHETHTE,
I REF T EE A B LSS T RIRI A SR 2R 04 55 o
PBA J3#fr i 3 2z A& PLINK H B F 38 [
SR SEIRAGN 745 (PLINK set-based tests)o

PLINK set-based tests Fi T FHHES 4 & )7
., FERIEE T T R A e e L R o, LB
SR AR R DR R, T A2 A A R iR,
ST AR Sl O — N PAEE, S5
E 38 F IR A et B U PRI R BAS
A ES.

Passtoors Z™52 A PLINK set—-based %ti1 4>
Bk BL, W 1 3 ¥ 5 A 2 2R B 1 (mammalian
target of rapamycin, mTOR) 1 B A5 90 JH 42
A KB 5 N AR T G
3.7 SNP ratio test

SNP ratio test (SRT) ¥ FE AR J5 7 &1z 38 %

BT A S SNP S 25 SNP Y HUAE, 2R)5 AL
GWAS 2558 0y Bt i BEHLHES M AL X 2L LU Y
47 A7 (http://sourceforge.net/projects/snpratiotest)
SRT 5 GSEAPHFHPEINKF b AR &P (H
6 I3 [ HH BT K SNPs & AR AR . AL S AE
T: 1) SRT LA PLINK #i A Fl PLINK i 1 JE =iz
1, AT A2 5 2) SRT fdf Fl— ML
I B R VEAl 25 5 3 B% Y W35 s 3) SRT 4232
PLINK FE A Fn ASCEF, [R) Bk A mT L A
FE SO RAEESE . B2, T SRT fi Alid i
JITA ) SNPs, XAF 24 RO e B SR B, AT
AARBETE . BEAh, T SRT J27E il K $uA T
8, T LA e S X 308 g AR R R /N 36 T 1 A T
# . Dushlaine ZF2ffi Ff] SRT X4 A1 GWAS
B 0 M, S55E T 2R R SNPs.

7 SRR 2, P T B ) I AR AR B
JIT LL3E B 7K F B B P AEATY 5 2 2 AR 30 2R 1 7
KLIE, 1T SRT 78 /K- T I3 AN 8 2 ik
K6 o RGN, AL SNP K204, il g KF R
[ GWAS His 70 Z FEPE ] L 28 R R
3.8 ALIGATOR

KBEFRIERH (Association LIst Go AnnoTatOR,
ALIGATOR)"™ & 7£ % W 7E B0 FE R 4 o %K
PF42 ok A AR GWAS BFFEF- 6 8, e
FRUBIEAG K, 1877 ALIGATOR B B4 A SNP
PACHCE . 3L PBA 4874 IE—FE, ALIGATOR
Wi ZEA T 2 AT RAIIE . ALIGATOR 1Y
AR Z AL SRR R, A AE D] RS0 A i
A . Holmans "5z ] ALIGATOR J5 &%t 7a
B B (Crohn disease, CD)F1 BD % GWAS %4
WA T oA, FRUTANMIE L | e s R P2 A A B 2
RETE BD bl vh s 5 B A 1
3.9 GRASS

GRASS B SCIBWFFE H 14 5L IR AR I (1] U1 3y
(gene set ridge regression in association studies,
GRASS)', 7& PBA 73#frth GRASS H T S & f—
ABER L 254, PERE— B A “HFIE SNPs”
AR BE DR I s A PR A 5 PR ) A S 1Bk
J¥ . GRASS 23R4 A Jsthn R A8t ] A £
ERE SR GRASS FOfl AR SZ SNP BRI,
K BRI Y SNP B4 LR, 32 GRASS
[ — B Ao Chen S5 ] GRASS XJ 45
I GWAS BRI T 70 A, R BITERIRER A4 i % |
L 0 O 2 KR T 1 i 0
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3.10 PlantGSEA

Plant GeneSet Enrichment Analysis Toolkit
(PlantGSEA)J2& 1 H = 40k K2 Su Zhen 525 %
T GSEA LI RI—A EZ A TSN E S
LTI AELR T ELAE (http:/structuralbiology.cau.e—
du.cn/PlantGSEA/index:php)* H AT PlantGSEA
HRERL (MW GO KEGG) 2~ FL B 7 (U1 TAIR™,
RGAP™) | H It SCHIk &5 A /] 95 9 P i 46 1 20 290
A FEN LA, FHAT GSEA srffr. axse3t
AR RTLLG 2 GO DRI (G1)  H T3 [ KR Y
S (G2) Mo FE AR (G3) 1 Motif L4 (G4).
P G EL R PlantGSEA $& 323 J32 1D 5%, Affy—
matrix T PESIRETEE IDs, PlantGSEA 5t AT 2 {4E#8
JUATREI | Fisher's #6000 F1-R Iy 460 3 FhgeitJr vk
AT AL P, AR AT LR 3 N H o

FA 6 PR T 5L PR X 14 SR

RH) GWAS SERIWE TR G, e 555
A PAE/NT 2E-6 AORLSERE N T PlantGSEA 73
B, I GO M1 KEGG 3 [H 4 1E R 2 25 BU4%,
DA ZE N AR 8 5 s A T8 R /R AT 60 4
i P 5 KRR R 9E PR A DG HE, Hh FDR /N T
0.001 FIA 21 P 1),

i B BESN, FF PBA 23 # B A A9
WHIRZ . U Torkamani F5472008 AFE4fE H 1) JL
o] 43 A Kl (hypergeometric test); 2010 4 De la
Cruz 28" T P BK A58 15 (P-value combina—
tion approach); Tintle Z£¥F 2009 4E4fEH T SUM-
STAT J7iE:; Fehringer ZEOE e SUMSTAT J7 1 )
St A TG T mSUMSTAT J5ik; Jia %50
N T Network—assisted ¥, IAh, A —2EH
THIY GWAS 45 R 1Y B 45 Ir L AW B,
PICARA ATEUA GWAS {55 H s oA 2R ALY
B RO, 1M H. Chen S5EL 28 il Ut H:

F1 KBHRZEXEEREM PlantGSEA D HT 45 R

Table 1 The PlantGSEA analysis results of rice grain width agronomic traits

Gene set name (No. of genes) Description

Category No. of genes in overlap P value FDR

Cellular component (45 586)
Molecular function (45 586)
Biological process (45 586)

Cell (5 550)

Cell part (5 550)
Cellular process (7 980)
Binding (11 705)
Catalytic activity (9 113)

Metabolic process (9 541)

Primary metabolic process
(7 728)

Intracellular (3 733)
Macromolecule metabolic
process (6 374)
Localization (1 601)
Cellular metabolic process
(6 576)

Establishment of
localization (1 582)
Transport (1 582)
Organelle (2 468)
Intracellular organelle

(2 468)

Membrane (2 063)
Carbohydrate metabolic
process (859)
Intracellular part (3 107)

GO: 0005575 cellular_component,

GOslim: cellular_component

GO: 0003674 molecular_function,

GOslim: molecular_function

GO: 0008150 biological _process,

GOslim: biological_process

GO: 0005623 cell, GOslim: cellular_component
GO: 0044464 cell part, GOslim: cellular_component

GO: 0009987 cellular process, GOslim: biological_process

GO: 0005488 binding, GOslim: molecular_function
GO: 0003824 catalytic activity,

GOslim: molecular_function

GO: 0008152 metabolic process,

GOslim: biological_process

GO: 0044238 primary metabolic process,

GOslim: biological_process

GO: 0005622 intracellular, GOslim: cellular_component

GO: 0043170 macromolecule metabolic process,
GOslim: biological_process

GO: 0051179 localization, GOslim: biological_process
GO: 0044237 cellular metabolic process,

GOslim: biological_process

GO: 0051234 establishment of localization,

GOslim: biological_process

GO: 0006810 transport, GOslim: biological _process
GO: 0043226 organelle, GOslim: cellular_component
GO: 0043229 intracellular organelle,

GOslim: cellular_component

GO: 0016020 membrane, GOslim: cellular_component
GO: 0005975 carbohydrate metabolic process,
GOslim: biological_process

GO: 0044424 intracellular part,

GOslim: cellular_component

GO_CC 451 1.3E-29 6E-27
GO_MF 451 1.3E-29 2E-26
GO_BP 451 1.3E-29 3E-26
Go_cc 93 1.5E-11 2E-09
GOo_cC 93 1.5E-11 4E-08
GO_BP 118 4E-11  4E-08
GO_MF 154 9E-11  8E-08
GO_MF 127 2.6E-10 2E-07
GO_BP 126 8.6E-09 6E-06
GO_BP 107 1.6E-08 9E-06
Go_cc 6l 1.9E-07 2E-05
GO_BP 88 4.8E-07 2E-04
GO_BP 34 5.6E-07 2E-04
GO_BP 89 9.3E-07 3E-04
GO_BP 33 1.2E-06 3E-04
GO_BP 33 1.2E-06 3E-04
GO_CC 44 1.3E-06 9E-05
GO_CC 44 1.3E-06 9E-05
GO_CC 38 3.4E-06 2E-04
GO_BP 22 3.5E-06 8E-04
Go_cc 50 4.1E-06 2E-04
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RIS T GWAS 25 RS Le0F 5T 10 PBA Jr ks 351

T EK GWAS 3 2h Bl J5 257 o
4 Z5iE

% GWAS R, GWAS Fdf /et 1

K, X REHE Iz 88 B AT . PBA kK
JEIE g 5t #5495 i IXUIRS: A S 8% Y

Y55E o Daneshjou %8552 F PBA J7 3 i 46 H4¢
P QI3 A DCIR Y 2 28 S o o UER Tt

IR ARV MR BE 4R &5 VKORC1 R CYP2C9 HE X

(7% S RE 7, BRARRIAL AR A 8 JRUR: o Kim S50 L2
5 ) 2 4 Ak E (amyotrophic lateral sclerosis, ALS)

GWAS Bffa A 7 /K23 Hr e W], ALS 5 20 i
2H 43 JE W (cellular component organization) F1 2 fifd
12282 (actin cytoskeleton)F &1 . Deelen 2513
{#i F PBA 7 AH G (PLINK set—based #5:ll] |

Global #5il] \GRASS #5: Il #1 SNP ratio 45 I 5 f4:)
XK TG GWAS s k47704, RANKT
iy 5 IR 5 2 28 R 5 R A K {5 5 (insulin/in-
sulin-like growth factor (IGF-1) signaling, I1S)if [
0y 4E 7 (telomere maintenance, TM)@ AR o

i L 2SR, NP5 AKT1 5N AKT3
JLH FOX04 FEIR IGF2 LR (INS B:[H \PIK3CA

B SGK B SGK2 FE[H \YWHAG J [F Al

POTT JEDIAROCHR . FATTHLE PBA Jr vl 4xm
I T XGRS A O T B Y 4 I ELA s

TSI KIGTF WAHE H AT fE . 5340, B4R B
PBA J5 EAEAY) AR D7 ST A b . (B
BEH GWAS HYA W& Ji&, I T A0 4 8l A= )

GWAS U248 19 PBA J7 1 sl (o ks i S 4
TFR R, AR RE B4 bk 42 B DX 20 Bz T
&S E MR AT TR,
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