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Prediction of operon-like gene clusters in the Arabidopsis thaliana genome based on co-expression

analysis of neighboring genes

Masayoshi Wada

Abstract

Operon-like arrangements of genes occur in eukaryotes ranging from yeasts and filamentous
fungi to nematodes, plants, and mammals. In chapter 1, we discuss about several recently
characterized examples of operon-like-gene clusters in plants involved in metabolic pathways,
e.g. the thalianol pathway in Arabidopsis thaliana. Such operon-like gene clusters are defined
by their co-regulation or neighboring positions within immediate vicinity of chromosomal
regions. A comprehensive analysis of the expression of neighboring genes based on 1469
microarray gene expression datasets of A. thaliana is presented in chapter 2 which is a crucial
step to reveal the complete set of operon-like gene clusters within a genome. In chapter 3, we
predicted co-expressed gene clusters by comparing the Pearson correlation coefficient of
neighboring genes and randomly selected gene pairs, based on a statistical method that takes
false discovery rate (FDR) into consideration. Chapter 4 contains functional analysis of the
predicted operon like gene clusters aiming to contribute functional annotation efforts and
provide novel insight into evolutionary aspects. We estimated that A. thaliana contains 100
operon-like gene clusters in total. We predicted 34 statistically significant gene clusters
consisting of 3 to 22 genes each, based on a stringent FDR threshold of 0.1. Functional
relationships among genes in individual clusters were estimated by sequence similarity and
functional annotation of genes. Five clusters are associated with metabolism, containing P450
genes restricted to the Brassica family and predicted to be involved in secondary metabolism.
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F1IE HMREOE=R

7 BECFNREEMT OBERRIZ & b 72\ 2013 AFBULE, 2725 FEDO /N7 7 U 77 36
oo Moo, 72 Moo # W s A B R E SN
(http://www.nchi.nlm.nih.gov/genome/browse/) ., 7 — & ~X— R (ZABH ST 5,
T LORFEIZELY, ENETHA OB TFES—T Y FE LTHIES AT
T IBABFRBLOMHTIL, Ml 5 WIS SR OBE T RE &L XIG & L,
7 ) DRI SEBETRT, 2F0, TR VT ML TEDH K

(Zipole, T DEZ BOLEYMOFF ORI T, FTLITEDNA LWIHE
THWOLNAEETHDLIN, ZOF ) A0 6ELNLERITIZHETHY, T
BESINHIXZ DB TN EDL D 727 I VBRSNS LY N e a— R
LTWDNEWVSTZIEFREGTZ D . BSOS B IO A & OHELR) 72
BEEE Vo T2IE R A0 SRS X VX RSO BRI s TN D &
WO A OEER - WERERRICE B LB M2 5 Z L NA[REL 725 T
W5, HFONAIERIIIEDOBLE O ) A EOMBEBABRLEENLTEY,
B L T7 )/ A BICRESNTWD, F—ORGAKICHFEEL TND Lol
BELEEENTVD, B TOMERER»OIZ, EW0ELT 595 2T, BB
DEENL D | [CEBE L7 2N OEE 723 B IC (b LR & 15
TDHEVIBELBTEILOTRNY 2155 2 L3 TX % (Vision et al.,, 2000), =D
LT AT ORIENT 2 E LIS A T~ T 4 7 AR



Uiz, —J7, dkld L id—#HoOMiE LRG0 & 2 8B 12357/ A BIZiFE L
THEL, —O DGR E L THEET 5 2 L NFEAEMZ T LITH L E 7
D, ZOXDREBEHMNEZLE Y ) AL AT IR AR EAL TS
(Kobayashi et al., 2007),

—F., BInFORBELZHET DI28720 ., 2 0BEFE2—EICHET S
ZEHEME LT INTHEELE LT, v1 2727 LA (Schena et al.,1995),
S HIZATREZRFR Y . 7/ & BITHFET DT X TORRF AR & LEEID)
—EICT RTHEEROI)NEST 2 2 2N E LIcHFE LTREEAY 22X
JVAF KT LA, SHIZIEHR Y —7 P2k D RNA-Seq #Hfit(Zhong et
al.,2009) 72 Lk & LFTRUTIEN B S, fix OEMICBIT 2 HB T 0 7 7 A v
DT — A R—=2 M EINFIH SN AIZES>TWD, BRE(NT A7 U T H)
PEM A HERRINCIET D END R T A7 U P =LA 4T B, RS
ThE2 REREE CHEA OAMICBWT R VA7 U7 h—ARRIEI LTV D,
EWNET ) A EOBIRFORTHFIZERIINTWDI DT TIERLS, AHOE
DIVIZEREEIC L D REIZIS L THE I N T WD, DFVREIDIC CTEEBTFO
FREORBERBEDOFT 5T X COBBTEZHRIfEAIh>od 5,

ZO X ICEENN MBI ARG E L, T/ LT AT )T
F—AERETEH T Z D AlREE o T, £ T, AETIZF 2 A8 R T
VAT U T b= AERERA L. S OISO TEMFICB T S EERMAZ A
FALTHIT 47 AZEOPENCT L2 L2 BIELT D, 7/ LDERND
R T OMBEBRN DN, T A7 U T h—A0hbid, B - EFENE
HIZ L 2 BIETFORBEDOEDERES DL LN TED, 22T, ¥/ ok
(CRLE SN2 BT OB ERMR & WRBLOFE, /A7) DB
PPtz RErduE. 7/ A EOREOTEBIIALE L, BRET - AP RN



CTeBIn FREZHE T2 AT L2H L TWDLNENERFT5 2 LN TE
%o AN TR, BEROBETFHFE—O mRNA IZERGE S5 Z L2 &
N s AR SMICHGEIC IS T D VAT A AN e Y 1960 RV v
a7 be /=l oRESRE, 7 A RICEERE UIRET 586 TR, B
HOBHOWEEZAT LN, NI/ TVTT 7 LATHHEINTEY, Z0HR
GHIE S AT DaA~n v LIRS (Jacob et al., 1960), & Z T, Z D X 9 ZRBIGN
LV EERFYTHER Y Lo TWDDONEMIT 52 L2 NS, 77 LELY
MIRE SN OBIGFRILT 0 7 7 A WEBRBEEINTNDLETVEDTH
HyaARXFRAFICEA LT, 7/ A LOBEEETEETOLBROFE, X

ZidtERE L L COMEMEE SA A A T T 4 7 R KR D,

a4 X} X} (Arabidopsis thaliana) |ZE7 /Ui & LT, BIfEE TOHRD
FEICATZENE D D ALTAE Tod Y . 2000 FITT ) L OHIERAN B RIE S
7= (Arabidopsis Genome, 2000), YR 5 AN SRR S v, 2T 157 Mbp(&5 /1
HEHEER) & 72> TRV (Bennett et al., 2003), ¥ /37 E % a— R4 538G 740
27,029 Eis ¥ & STV 5 (Swarbreck et al., 2008), 7/ AE#HAE S &1, hT v
AT VT h—h, AZRA—LREDKRA N ) MFENER L, BRx 7240
BT MBI EDIE T 0 7 7 A VB DNEAZ R —LAREINLTND
(Thimm et al., 2004; Fukushima et al., 2011), = @ X 9 72 K &G 2 (KRR ST
52 LICED SOICERDOEMBREZIMT D5 Z LRARELER>TWVD, 0D
£ O RRBUGRII R 2BET — 2 0O EBICERDH LT — X 2 HIET 57
DI, MHERFRMEZE N A A A T~ T 4 7 ADT T a—F PLE
& S 415 (Schilling et al., 1999; Celis et al., 2000),

AWFFETII v XF X FExR b L, )7/ L EOBELEFONME, BEILOY
QENZENDBITFORBT 07 7 A Vo LITT /7 b RICEE LRI 5



BARFREEHEANICR T 2 FIEERE L, EEIZ, vaAg XF X557 L
2D XD BRBEHENEDL LW LINEHET D,

NI T YT BB LT OMFIENE AT B A1 O S BLH R T 5 AL
BUAZOVWT LIEI TR %, 52, 1.2 Hi~13 B CIIEEMITEIT 5 42
B URRBE RIS OWTH R AT 5, BEAY CIXEEROBE T I1XF— 0
MRNA EA~OEEFIZINRWA, 7/ A RICIEE S, 2D OB 723385
BLL, 0 FEWACBIT 2BERH WL AT 2L O RBIn 27 7 A F—%
Fa RRRAGTRE & K 55 (Field and Osbourn, 2008), = 512, 28 1.4 HilZ B\ T,
Fa UETICBI DN T A T~ T 4 7 AFWNEEET S, 61T, 2
N D DA — LERMHT 2 ZBIC AN BT, 8 L5 8T, Ao B2 T
% T D DU FEHEMS 2238~ 5,



11 AXNOV:IRREMZEHIDIC

AN, Bl FORBGHE T 5 2 LT L0 REEICIS U5 MEOHMERF 2 2Rk
T 5, ZHITEMDREZ O CICAEBMSFMHITIS L TE oV EEEZHET 5
ZEITEY, BEA~OHEICE FREICLTWD, AXa NI KBEICEIT 5588
IR & L CR R & 7= (Jacob et al., 1960), A<t DI E T, &%
J BN, T A RECBWNYT—2oDARL—X—D FIZEFEEL, — &K
® MRNA [ZEHDOER T2 a2 — FERY &2 har® mRNA)T 5 TG S 1
HZETHD, ZOREOMEFA L U CTIEOHIE, AOHIE I ERIC L0 R
SNz, EOHIE &, G2 7EHAT DIEMHEBKFI2 LD . DNA OERE &N
WA 5 EWIHEHAT, e OWEGOMENEHIE TH 25, ADOHIHHT
I, DNAIZHEET 25 Z & THREZEEFTHHER L LTI U 7Ly ¥ —

D ELETREABZE SN TS, VL o3k E 2 2L S E 555

WEEFEET 5. HEME L AT D 2 L THIENIEDNAFEERLSH 2\ X DNA
OB RDGENH D, EHOLDOEAES DNA LK G 5 2 & TG 2l 9
DB EMEOREIC I VIHLAE 0 FEZ 6 b, 26 DOIEEEWH, [F—
DOYVEDELR. AR > T\ 5, ZOEGHEIT. Flz X, Hl
NOMBEDOREIZEY | BEOBIZTFRIADA A 72 =KD EZ D LW
ST ER T 5 Z L3 T& 5 (Malacinski et al., 1999),

B DIE - AOEGHIE A2 RIGH TR SN T 7 b—AF~m & Hfil
M A 1), KIBEZ / JI2EWT, LacR, lacZ, lacY, lacA 2347/ & EiZ
WiE SN TEY (X 1), lacZ, lacY, lacA O =>DiELFIXFE—D mRNA 28z
BEIhbd, 2k lac-A_u LS, TS DOBISFIEHT T 7 h—ADOHIas
DB OWIT EAGEHHZRET 5, lacR IXFIZHBLL TH Y, 5, FROEfE %
T LacR UV 7Ly —F R EPAEGK I, KRIBEWNICHFEL TS, Z
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® LacR 1%, lac-A<v @ EfDO AR —& —ESNFEAT 5 & lac-A=m v
AT 5 mRNA O &% % B33 5 (Jacob et al., 1960; Malacinski et al., 1999), —
Ji. LacR WAL —Z —EAIZHEA TE RV E ZITIE, lac-A e U AT
% MRNA (X EREAFIRE & 72 0 BeEAIIZIZ =2 D ¥ /37 ' LacZ, LacY, LacA
MERE - FER S AVMIINIZ 7 7 =22 MV IARR# SN D, DL HIZ, [
—® MRNA ([CEBOBISF RTINS 2 LICX Y BIEFHIOHIEN Lac
V7 VoY =07 L ENHEET 20T ED . RKFICZIh G =208 E+
DIRBUKDHIHE T D Z LN TE D, ZOLIIZ, 1250 mRNA [TEE S

LBEFREEZ A0 U LIRS,

7 DRFORRICANY R7 T VT 7 ) MZBWTDNA~A 707 LA 7
ELZBORIAERE L LI LT ) A LA o  OEROBFZENRE UIZITD
#U(Ermolaeva et al., 2001; Salgado et al., 2000; Wang et al., 2004; ), 7 — & X—X|Z
PR X FUABA & T U 5 (Huerta et al., 2001; Taboada et al., 2011), Taboada ©(2011)
137 LEHITRE STz 1200 FE O JFAZ AW DWW TC L BAG T [H EEEE & B EEdR
PEIZE D FRILAR LTz, —J7, /MRS (2007 F2)1%, 7' e —4 —Bldl, BiEa
BFORIMELBE L TA w2 TR Lo, TO/MER, FERFEICEHV T 892
B DA~ N2 2183 H DB T O S LD Z NPl Sz, BEOER
FNBRDART ATBNT, Y 371 HOBLBEFREEND Z LT D,
Staphylococcus aureus TiE ¥ 3.47 fE(Wang et al.,2004)., KiGE TIX 3.41 f&
(Salgado et al., 2000) DE/LFNEE OB O RDAn IEE SIS
(Kobayashi et al., 2007), JFEZ4AM Tlid, Bl FREAZHIEIT L7201, AU A
fr=y7 7P 5R—O mMRNA ICEEOBIEFBRIFHCEET Sh D 2 &I

BRI BLHIEEME B W THERZE Z2H E TR0, 7/ A LOBIET
OELENERE, BASFHIEENIIE D> T\,
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1.2 EREYICEFHZAROY

HEAMIZB O THE— O mRNA ICEB OB+ PIETSND, Wb o3 7
TUITICHALNL AN RRESNLTWD, BEEEMIZE W TIEHR AR
(Caenorhabditis elegans)iZ3\\CTA < > & L TG 38 B S e w1
Shiz (K 2), BA 7 JZBWT 3 ODEIEF. mai-1 (ATPase inhibitor-1),
gpd-2(glyceraldehyde 3-phosphate  dehydrogenase-2) . gpd-3 (glyceraldehyde
3-phosphate dehydrogenase-3)I3 45 10 & H O YR ) A I iET 5, K 2128
WT 3 DOBBETIE, fk F. REONHTRINTN D, 2B, BEOMA
(FERIER A A R 3, 3 EOBIR T & & T mRNA 28 mai-1 O EJlfiE 3 5~
HE— XN BIEESNA (R 20), 2L Y 3EETFEI—F 17 LT,
U A bu=y7 mRNAFIEMEREL LD, RIZARY A b=y 27 mRNA A
A EIEr S 41, 3 DD mRNA RIBRANES LA (M 2¢), Z 2 TIXET RO
A5 mai-1 O mRNA @ 3 KGO R U ABLHIE TR O L DD mRNAFIBEA S L
TUHND, HWTED OBEMLF (gdp-2 & gdp-3) DT ARTTA LT
(trans-splicing)(Z & ¥ mRNA MBI b, NT U ART T 7 bid, &
ZAT T A T (cis-splicing) 3 A > b a UTEEEAEID A b a AR BRSO
ZxtL, £ b0 PMMELLAMATH D, 2 2 Tl small nuclear
ribonucleoprotein (SNRNP) & 24 X 7v 2 % = & C, Bl & @ L C Aoy 7Bl 5 2 )W
LTW5%, 1%&H BT L 2FBOEMRTOROEREIZ~1000p & SR U
NEBERERH Y, TRICMEST 2BETFZ2T5HE 080, TiROBEET
DERIGT TV ARTTA L TP D ETICHETH 5,2 3% H D mRNA
AIBRAD D AT T A AY —=H =TTV ARATTA L TR D 5 K
2ASNRNP IZEE#HH Z & T, b LORINTUIWrEN D, 72 3MT—FBD
EART- L FBRIZAR U ABRCHICTOIRr S 4, 2 % B © mRNARIERMA B HSh D,
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B3HEHADELFIZOWVTHRRTH D, Hi%IZ, 320 mRNA FIBRAEI LA >k
T UANELY BRI, 3 ARDELEV L 72 mRNA & 72 5 (X 2d)(Blumenthal and Gleason,
2003; Blumenthal, 2004; Girard et al., 2007), Z® X 912, BBV TIE, B0
B F2RE—O mMRNA & LTS SN b DD, TNENDORIn I LIZH v
SNBSS mRNA B Z L ITHFHET 5 2 Ll D,



Caenorhabditis elegans ® AR a v

AT A4YVT)—F— ATy T)—F—
mai-1 gpd-2 gap-3
(a) \ 7 i
s E— & —K5H) Poly(A) Poly(A) Poly(A)

—~ L #iE

(b) g I o 0 O

RUY A ROZYD mRNA ﬁﬁ.%lﬂ?kh

—t e

(c) T S R [

mRNA R BE{K

AN
7N

—— A2 huafRE
(d) | [ B O

mMRNA

Blumenthal and Gleason, 2003 Nat.Rev.Genet 4, 112-20

B 2 F_a lER L-RRORGCFRIERE
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1.3 1EMITHETH5A RO VEREGFH

T % G B OBB T OFRBUIITEEM O X 91, HHOBE T
—® MRNA [ZERE S5 DU TRy, EARMIZIEA w37 7 U 7IZs
TLRBEHETH D, ETMEPOLE. MIBO XD oA ~n » OEEIT#RE S
NTWRY, LinL, Xm0 X 5 EGiRET 2 B FHNRE Sh Tk
D, S SICHEEDORBW O LRI D 5 B\is TIC OV T, A ta Uik
{=F#£(Operon-like gene clusters) & L T#i S 417 (Field and Osbourn, 2008), =
ZTCIE, HEMICRIT DA AREB R OREGI AT D,

YA XFTAFIZBT DA w B FRET b BYAKIZ IV TREE LT
TEL., HBAHBE O 4 DOBAR T3> h 7 1 A PAS0 AR FICR%4 T 5 2 DD
EInF & &I, HO triterpene-thalianol DAEAFEREIEIZEE G925 & ) SN &
LTV % (Field and Osbourn, 2008) (X 3), EZAEWORRIBO AN a > LY D
A0 CARBIRTREO I 4 D L5125,

YA XFT AP TS GRS 28I T ORBHA 23927 7' 1
—F L LT, 7/ ARICBWTOER, £Oa—RFITWDHREIZONT,
EWVS T DD D OIEBUFNTAIFE AT TE Y . (Ren et al., 2005), %
BT OEHEHZOWT, 7 a~vF UEEIZER T 58906 72 S 4 T0 % (Chen
etal, 2010)7%, BEEET 2B FIXLEH T LEAAEHWZ EAERINATWND

AR TIR, FF A4V AREFEERSCESNBRICID EEIND
momilactone DA FARIRIZ 2 DD h 7 1k P450 21— RS L, £7-4 3D
4 FGe R BICB W TR FRE & 72> TV 4 (Shimura et al., 2007),

BT DO a— RENTWDHFHEICK L TOMIETIEA F(rice) R 7 F
(populous trichocarpa) &\ 9 ZEWRIC 31T D BAR FRELORFIEIC OV T H IET

ENTWVAEN, FNEFNOEY T LIZB W I EICE W REMHEEZ R~T 2
11



s DR AA P (divergent =2 convergent) T - Th ., fDAEMIZHB W TIEZF
DiEfaF 5 DFEAFE IRV & &4 5 (Krom and Ramakrishna, 2008), 7=, 1 %
(rice) DHRIETIZS /) A OIBBFERIZ TV 2 2~4 Bl 067255 DThH
0. 7 LAHOS%DBETNEENTND EHE I TV 5 (Renet al., 2007),

FEREDN DSRIREE . fREL fEY), WA S W o2 OEBAEMICB W T,
FHLL TWDHERRER T OET T 28EZE 7.5 Z & 23 TE % (Hurst et al., 2004;
Koonin, 2009), Z 5 OB FREL, 7/ & L CUriEskcFE LERICHE 23200
TWdEWnolo, ANurO L) RFFEZA LICHER E o> TS, 1. B
B, 872 0% < OEBAEMIEB T DR FORBUT, BREVD LY
FHEBICHIEHL L TV D AN A B35 (Hurst et al., 2004), F7=. BEZEHO
T DB TIE, MO L rULTIFEEL LTV D RERER R BRI R 1725 12%5
FNTWVD LW HHE S H D (Al-Shahrour et al., 2010), 7272L, ¥R 7T A K
¥A(Clayton, 2002)<°#% H (Blumenthal and Gleason, 2003; Guiliano and Blaxter, 2006;
Qian and Zhang, 2008) & W\ > 7= A 2 FoO L L THE SN TW D ESIZB W
ThH, FEEMIZALND KO 7e—KRDO mMRNA & L TOBREHEL L >TWD
DI TIEIRV,
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Arabidopsis Chromosome 5

_ N N N N

At5g47980 Atg547990 At5g48000 At5g48010

BADH acetyl CYP705A5 CYP708A2 0OSC
2,3-Oxidosqualene  -transferase (THAD) (THAH) (TI-\AS)
‘ Thalianol synthase (THAS)

halianol

‘ Thalianol hydroxylase (THAH)
Thalian-diol

7|

—

‘ Thalianol-diol desaturase (THAD)
Desaturated thalian-diol

Field & Osbourn, Science Vol. 320. no. 5875, pp. 543 — 547, 2008
B 3 < mA XJ X (Arabidopsis thaliana)® thalianol &% & BHERE G FE#
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EREVICE TR0V ORB DTN
DNA

. EIEFA B C>

BE @
1A MDMRNARITER (&

SEFS W e

4 BEEBEHOFRn L EHEDDOFRe U ERGTFREOLKX
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Geranyl geranyl diphosphate (GGDP)
OsCycl (OsCPS4)
syn-Copalyl diphosphate (syn-CDP)
OsKs4
9BH-Pimara-7,15-diene
CYP99A2 CYP99A3
3B-Hydroxy-9B-Pimara-7,15-dien-19,63-olide
OsMAS (AK103462)

@

@

@

Momilactone A

Dt

Momilactone B
Oryza sativa Chromosome4

1 1 1 1
5200kb 5300kb 5400kb 5500kb
Ol 0 0l N - (]

OsCycl AKO71864 AK103462 OsKS4 44071546

(CYP99A3) CYPI9A2
Shimura et al., 2007 J. Biol. Chem. 282, 34013-34018.

B 5 A X(Oryzasativa)DE I T 7 b ALK L BEERE TR

15



S b2, hUEr =D benzoxazinones (Niemeyer, 1988; Bailey and Larson,
1991; Frey et al., 1995; Frey et al, 1997; Gierl and Frey, 2001), A — F&Z D
avenacin(Osbourn et al., 1994; Papadopoulou et al., 1999; Qi et al., 2004; Qi et al.,
2006; Mylona et al., 2008). rice ® momilactone(Shimura et al., 2007), > & A X} X
F @ triterpene  (thalianol) 72 2B\ TA N VEEDBE L RENRE SN D
ICED, hPUERa VTS BEREONEME ZEET 26 bHE S TR,
Z i indole 7> % benzoxazinone 2,4-dihydroxy-1,4-benzoxazin-3-one (DIBOA)~®
BRI E /oo TRY, hUER VD ABRRARIZEESTND, 2055 4
OB TFIEPAS0 7 7 IV =BT LB T Th D, T OGRS OB IHE
VOAEBRIZR I, FHFHRD 4 B, 1R & ZI2I0 T benzoxazinone 73 H 0y L
JLTTHLAL T 5 (Bailey and Larson, 1991; Frey et al., 1995; Frey et al., 1997; Gierl
and Frey, 2001), Z & Benzoxazinone | KD RHAIZ 1T 5 — %A 72 BH iSRS (2
B94% L T 5 (Niemeyer, 1988),

F7o. A— FRIZEBIT 5 avenacin DRFHHREHE TIXELFHELR->TND 79
HOBIGT NP &SN TWV5H(Qi et al., 2004; Mylona et al., 2008), + L T,
avenacin A-1 1% 5 RO LEE B S L > TEREN(X 7). Z ORREIZEE D
5% H Cytochrome P450(P450 Bfn 1)IC0 SN D EE - TH H(Qi et al
2006), F7-Z ® avenacin A-1 & WO WEIIA— FEOZFEORZITIH W TITAH
FHIZ 31T D BN o s 2 k3 2 kUM % 5 © (Papadopoulou et al., 1999),
JIFTHINZ A B &4 TW % & &4 5 (Oshourn et al., 1994),

ZO XD ITHEIIBN T, EEERICBEMEDO & 2B IE TR EREILL T D
L FHNEZ < mES TN D,

THRHEDOHERNS, ZOL)ITHEREICBWTHEERH Y . 7 A LT
LB F R DWW THRATHIIE I, A e UERE s FHE & FE.5, (Field and

16



Osbourn, 2008; Osbourn and Field, 2009)

FEA D PA50 BAR T2 W TITE FHEEIC L D FsEE G K2 Z > Tk Y
(Matsuno et al., 2009), TN R AXB LD X H 727 T AX—DOFRICHERE LTH
NTW5 & 2 515 (Field and Osbourn, 2008; Flowers and Purugganan, 2008), LA
FEOENSF T D XD RBIRTFHILY T A X —IIWTE G L L TAEY TR
ICHHEREETH DL L BT,

BRI, 7o =7 7 A b7 L& U AR LOAEREY )
5 OBENE Vo T RERRICBIE T 5, FTo v m A X X TB W TR R
(28 5 R T IX IR BT DA A A 5 LD & S 4 Tu 5 (Williams and
Bowles, 2004; Ren et al., 2005), & D7z OB BLER FREAZIRET HZ ENTEN
X, FHEHODD G RWBLET ORI EToWE 28T 5810 & b,

SEIOHIETIEAR SN TWD v A XTFTAFOREAT =2 &b &io, 43
2D IICHEE L CWDBEFRE(E e VB TR OREEHET D
ZEmHAME L,

17



Benzoxiazinoid biosynthetic pathway

Indole -3-glycerol phosphate Maize Chromosome4 Bx gene cluster
’ BX1
Indole
T | Bx3 Bx5 sz,\
Indolin-3-one x4 Bx2,
T [ : Bx8
3-Hydroxy-indolin-2-one 2cM 4cM
’ BX4 cM = centimorgans
2-Hydroxy-2H-1,4-benzoxazin-3(4H)-one
; BX5
2,4-Dihydroxy-2H-1,4-benzoxazin-3(4H)-one
BX8 ‘
(BX9) BX7

DIBOA-glucoside

2,4-Dihydroxy-7-methoxy-2H-1,4-benzoxazin-3(4H)-one (DIMBOA)

BX8 BX9

DIMBOA-glucoside
Alfons and Frey, Planta, 213,493-398, (2001)

k71 2 3(Zea mays)D BX &R & DIBOA A4 AR

18



Mevalonic acid

¥

2,3-Oxidosqualene

Cycloartenol synthase ‘ ‘ B-Amyrin synthase

) Sad1
Sterols B-Amyrin

“' Sad2

9 )
{ Sad3 (acylation)

Avenacin A-1
Sad7 (glycosylation)

X 7 Avenacin &% ®D Sad Bin B

19



1.4 EIEFHRRBIBIZETEAENAAATAIT4D
AEFR

7 WAL N ENTZETIVEMIZOWTIEL, & OFEHRNE W4 BRI
BLUBITT2FEREEONTETZ, TRETOERFEITINA, XM FA 7
AT AT ALK DN EATO Z LK VBT E R AN SN 5 &
N2 | FOEMNTHRE R 2 ERIZAENT Z LIC RV AMIFROERE D Z &
MTETe, ZOXITLTEMEREZBIT T 20T ANA T A T H<T 47
AL LTEL OFEIC K DN A 72 4TV % (Chuang et al., 2012), % Z THUZ
EMZBNTIEEO XL ) fF#RE b LA a U PRIN RSN T NITON
THEET S,

Fm CTPHNCE L TUIETE 1I27 7 MR T 28I FRIOERECER L
T2 HEMERINT-, ZHUIRICARe VICET 2 BEFIZBWCEE N
UrHE L CHELE ST DA & SRS HIRE 3 2 5k T 5, 2 0 BT
WCHER LIEGTETH D, Aa BT 28 FRITFIIM S L < idodki L T
PERE LIRS 2k L TR Y . BB A ED X5 R E T/ Tn 5
INEWVDTERITA N E AREOEBERIERE LY 5D, & 3 OFELLTULS
RE—F— F—IRx—F—Lnol, BRIFREBICEBWTHEE RDERT
O L, TROBIMEHREZFHTHHETHL, SHIT 4 DHIT, Bz D%
BUC KV IESLN D # o R EORIFHEMEICE S DT, B VX< E
DRI EZREREZ L2y T AZ Y 7 L, ORI E T E 5 Bin T & [AtRe
ERET L, Bl FOBENLDT T e —FTh D,

FUREBINT D120 DREDT = WHFE1TH LT, =4 707 LA 72
THEBEFY) IX T LFF RT LA Lo BV, ZORET

20



— X, An r PRICEE T D IE W CH DB E 7 WIHERE, AR, BHT
RE—F— ANV a TR, BETORISSAXR UV HEOF A X &
HIZIET =2 R=RIC LD b0 Ex BT 425 2 LI K VT 21T 2 275,
INBIEANAA T AT H~T 47 AL LTINS, 77 EO L5
BRTEC L0 TP, PHICEWTRERBIFICB T 27 — % ~ A =0 78Il
DI H ST,
ZOXIICHHENHERNE Z IO, HRIT 2 He T LIcky &
SIZEIRDO I L% FREETHD E W) ZENRAEEL 2o T D, Bl 2 IXREEE
IZBTD~A 70T VALK DHET — & LRHIENT D L ¥ 21 > LT
LHERGHMNZTRTHE WoTcZ EbAEEE R oTc, TAUTY / ABREHIN G,
LB R DR O TR ZEITV, ZO PRI E T S BIs O~ 7 a7
VALK 2 RBUEREMAEDEDL ZLICLVAREE o TS, F7o, HE
FHEIMEZ & L ICENENOELRFHEZIRE L5823 72 S 40TV 5 (Kobayashi

et al., 2007)
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1.5 AREEXDIERK

1:1~1-4IZBITHHMAZENTHER 1OIHITRD,

#1 FEEMBIOBRBICBIT A0 LY O Ao B REO
e DB PR
. PR
PR s 1
PR AR T O O O
mRNA (BT DR Y A ha= v 7 ik O O
FEHUAHES O O O
AR 7 B O
FEREEACLME O O O

RLUICED L, Aw AREIRFREATRRT 210872 0 IS BV TR BE
BRI FRE. (QBIE T ORBUEE. Q)&E 1 OMRREEMEIC LY A n ARE
BT HEEHEETE D LM END, £ TH 2 B~ 4 FICB W CIIHAHIETE
s &0 A~m B TR BT 2 TE2RA T 2, F 2 mIZBWT, 4
EIEHT 27 =%ty MZBWT, ¥—5 v b & T HBEEERE TR EE O

ICBWTHE SN TS LD BT ORIUAT B 5 5 a2 R LT,
ZDO X THREBTHERTEREET57201C, b0V oBETHEy N
X B e LTI 0, BEE R8Ty NERELT, F
ECIHBERE RO NS BB & OFLEB L TV D BB TFHE
I ARBEFHE LTERT DI OOHEETEIT DN TR, £ L THA4
BT, H ICBWTHEE L7c Ao USRI FREICE N0 BIn F 2 4~
N —RHTIC X DBEREHEE LBEA O RIZ S L SNTEE L, An U kE
LR AW FHIER Z E LT,
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lo

2 8B AROVEKREGRTFEHDYT / L
o DIERE

21 YOAXFRXFTORBEIOIT7AILIZEIT B
EEEFROBEEERTE

ARa DX REEFEGEZ T H, FIAERE L TREICE < KO @
BTERDICE, B T0BEL WD 2 e, & DICHSE 733570 L <1
ST ENMERINDMEND D, B —0 v NI 54" m JRER I
FNDBEFORBUIB L > REBMHNEZA L, BRIUCAETHLZ L %
RTENRD D LB X EOREEITST,

812 Z DEDMNT O 2~ ETHIMT 27 —FI3kkx 2 FERIZB W
T . Affymetrix t1:0> ATH1 genome array (2 & > TEH O N REOT — X ThH 5 (X
8-1), L, ERZT DN I TT T RO ) A ARHLDOTINEMET D
(X1 8-2), S HIZENFNDOFEBIZB T, EBEEE 72 5L 3729
BEEEIOERPFET DO AW TOEAEEZHT L 2BE L, HYIKLE
B HDDEXRELTLIEY ZATE(H 83), 207 —# ZJtil, FEHRXH
599 2D\ T, 22591 Wi T ORI T a7 7 A NVEIER LTZ(X 8-4), I
077 ANERANT, 2EEIZONT 1R 1 XIGOET Y U HBEGREZ R
o THEELEFFEEOMBEE L THWE(X 8-5), Z0F—40DH b, Y@k
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ETOMERHRE S LI, BRCHFET 2B FERXTZENDL O ER), B
BBL a2 —" v e LT —% 16972 fRICHR D iAATZ (X 8-6), =2 TDiE
GFIBART OFRNL, T F N 169720 1hDF — 2 NEE0 2L, BB
Bl T OT—4 %y MU Z{T-72(X 8-7), Z I bLHrHICHE & 72 b iEis
7 T AL —HE R LT (X 8-8), LLEDIE¥EART, SRIOZ—5 > FO#E
ottty hOY A XZPRE LIZ(X 8-9), ZDWRE LI A A&t &I, IRFET,

FDR % L2 A a Ui is i O E 21T o 7=,
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(1)RA40O7 LA T-a0IRE
(Affymerrix ATH1 genome array 2259140y FEEE)

h

(2) RMAICEBT—Hty b O— BB E

h

BIFRRAT-30ER (BIERUREREIH =2 )

h

(DFNFNOEBIEOTHEEREELL.
LEBXBNSEEFIOI71IVOER

h

(ﬁZ)}(Z.Z(:EﬁEﬂ)

—_—

T (2.312E5ER)

(S)Ef=F70771 VAT,

B F-EETFOETY VRGO HE(22591%22590/2)(CL%

HERMBEATHOEK

é

L

—_—

(6)7/ LIYTLD, COT -5 L TR FC U TEARTREGAT OFE H

= 16972 OX7¥

é

(NERT—RCHII3EEEEFORBEEOMEROFIVY
(16972#-MOARF7E16972044DF 05 LB AR DELE )

é

@) ZF#BREICLIMAFHICHELBEZERTHLU

HEHICEBEH TR E T IR OREDR.
¥

(X110)
—(2.4Z5%FA)

(X11)

(O EEFOHEBERHEERS L THRESEEOATDERDRE

X 8 AnmAREETFREOMHIEOBIE
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22 FRAT—%

AW TIE, & x OBBTORBUHBEOGEL 7 A EOBEE A B E L T,
F_n ARBIEF R RAICHET 2 2 L2 IR L35, 2D, TED
R Z < OFEBREFEMETHES NI T 07 7 A VT —F 28O THEITIZTHN
% Z &2 L7z (Fukushimaet al., 2008), = = T. A SN TNDH T —F X—R /N5,
ATH1 Genome Arrays @ GeneChip IZ K 2HIET —4# 1469 A D7, ATHL
Genome Array (X3 1A X XF @D 22591 D@l DOREEZ —EIZHHITE
GeneChip®@TdHh %, 2 2 I f L 7= GeneChip D HIESAE O 279 X 512,
17 TR ORI N THRI T 1 7 7 A VAIEZIT > TEB Y . AOEICK T
5HMEERT D72ODORIT 1 7 7 A VRAEDSEREDR KB S D & HIfF S
N5, 723, 1469 HOT VA I TFOART —F N—2ANLEE TH L Z &2
TE 2,

The Arabidopsis Information Resource (TAIR) (Huala et al., 2001) (977 Arrays;
http://www.arabidopsis.org/portals/expression/microarray/ AT GenEXxpress.jsp ),
European Arabidopsis Stock Centre (NASC) (474 Arrays;
http://affymetrix.arabidopsis.info/narrays/help/helpindex.html ),
Gene Expression Omnibus (GEO) in NCBI (18Arrays;

http://www.ncbi.nlm.nih.gov/geo/ )

26


http://www.arabidopsis.org/portals/expression/microarray/ATGenExpress.jsp
http://affymetrix.arabidopsis.info/narrays/help/helpindex.html
http://www.ncbi.nlm.nih.gov/geo/

£ 2 ABFEITHVZ GeneChip

Tissue the number of total number of
experimental conditions experiments

Aerial part 16 35
Cell suspension 6 18
Cotyledons 4 9
Flower 27 75
Hypocotyl 5 14
Leaf 118 327
Petiole 3 9
Pollen 4 9
Root 85 181
Rosette leaves 22 66
Seedling 179 430
Shoot 74 154
Shoot apex 24 52
Stamen 2 6
Stem 7 17
Tumor 2 4
Whole plant 21 63
Total 599 1469

27



2.3 T—ADMWHIE

GeneChip D # R EE N B BLE Z K 5 FiE & L T Robust Multi-array
Average (RMA) (Bolstad et al., 2003; Irizarry et al., 2003) Zffi F L T E 21T -7,
OB H 72> T, MEHLHEY 7 b7 =7 R OAEMFEHHD Ny 7r—
Bioconductor & FHWTEY ., DO~ A 70T LA ZAHT 5 Affy Ry 7r—T%
£/l L 7=, Robust Multi-array Average (RMA)EIZ LY, S A~y F 7o —7%#
b, N—=T 27 "~y FORERNHIEZITo72, RMAIX, Ny 7 75
7 RMIEZ1T 9 RMA & 24 1E(RMA convolution), Z3{i7 3 1E £/t (quantile
normalization), FYu{ 43 1% 53 HT (Median polish)®> 3 A7 v 7'/ 72 % (Bolstad,
2004) .

1469 DT LA 1E, TRENF— OV IR LUERICK 28IAT —F 2@ AT
W2, £ T, ZTOXD 7280 LUERIC OV TIT S EZAREEIC T,
ZOBREER T, —ODBBIZOWVWT 599 FORBT — X 2%, ik
Y 22591 AR 12OV T, 599 DFEERIXH B R DRI T 1 7 7 A VT —F Ztf
Hlle, ZORBT0T7 7 ANV EMN, BInTRIOET Y AHHEREER D Z
& T, WEHOFEFE L LTHWE,

28



24 BEELCFOERAALSIV. EFHEOERE
D LEER

HRBLD 5 B ARIZ—7 v bR D BHERIRFOXT 13169727 Th 5,
THUFBIE, AR SN TVWD GeneChip THEH SN TWAT—Z D H b, Yefaik
FEONTEEHRE b S ICHERBRICH D S HBITE 2O TH D,

ZOMZEIZBWTH =7 v b &g 5 B a1 R o BRI DUV Thtdt
N ERENSE SN DN E LD T DI A ke (F -statistics) I L 5, T
FUCHIH LTeXT IR 57 =2 i L . BERIR IS L D7 — % 04 DL
ZITo 7,

DT UHE LT —FE Y b Sand (TBEB T OBIS - BIS T HBUARE D H#E
FHOICHE L A2 omE LT T 169720 EOT (M4 %8s 1
X7 D10fEE S LICRE)E T X LMHH L D TH D, ZORT —F Y
NI T &35,

Stand 1L E T Y VFERHD-1 B 1L ICH T A RXMICHITHT —XDE A NI T A
Thod, ZONMIIKMERET H, TNENDOXMIIBIT DT —FHERET
A CIC72 % X5 ICHBRE TR, Z20HE M L3258, 1 RKEHTDITHF
T DT =2 EUE[S gl IM ELTET ZENTE D, AL M =20 & L, XH
BT OFT — 2813 8436 fH & L7,

7 B DT LT ABIRET — 2 2~ A T A DRz BT, 8436 il &
(CHEBMREL D XN Y 23T T, EREOBEREFOXT OT =2 NENENLD
XEIZWS DB ENL N EHZ D,

ZOERBOT =2 EETNENOXEIX c(i=1,M)& L, FETLT—HEK

Er,<r<r IZ@ENRDn &T5, UEXVRACIVBEEIT o7,
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M (n, ~T/MY
s ; T/M

Z 2T, n BRI C B W T <r<r. ORXMBICHFET HET —XIZBIT 5

RTOETHDH, £l TIFEF—7y hEEOTOETH D, ZOHIICE
WX, BB~ 912 M=20 &35, 2O A ZFHEIZEK T S p-values |
A ZRFHCBNTHHE =M -1% H\ 7=,

UIEDTFIEIZ LY BERIn . BHET 28T ORBOME, & HITkHE
T HEET ORIV DDOBIE T B A EHEICEORBERm N ED X 9 I
oo T INE RN LT,
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@mm  Convergent
mmm)  Divergent

9  RIEOME L AABEFENT OH

- 111!

Camy W RREHET SRETH
1IN N %

| J
& T F COHEES
1 PR |

B ET S ORRE SRR ET 5 COEES
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J

!

Y
2BIEF S ORFRESRIT BT 5 COEM '
EEEf10

X 10 BEESE{sT [ ERRE O BT D51
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FTENT 57 =%ty hOBEELEFIZOWT, W DNOHIEHE 21T
27,

R B I DWW T DORREDIED, £ DA X Z L2 tandem (——). convergent
(—<). divergent («—)E WS ZBERICBWTCHLREETT->7T-, T LT, bk
G086, MOERZ 0 & LTIngd N0, & BICHIC— 28R 25 A 5 IR
1ZN1&L, N12H N0 ETIZOWTHRIEZT 272,

X 11 iXFEJ.NO /5 N4, % LT tandem (——). convergent (—<«). divergent
(=)D ARE T U X LT — DA E g LIz RTH b, Z D7 T 7 I3
fR5-1.0 05 1.0 £ T TRINTZ 20 XKEIZH T THKELIEEDTH D, H
BHEIZENENOXBIZBNTT —Z ffifin, O2®IZEDHEENL, T

FED—FSNEFI< 2L T, FUVF LT —FEWBRLIELGAEDRY 2 L2
DTHbD, TDZODFHIZE T tandem DT D I A (5 -value)
&0 pfEldA=1316.15;p=1.2 x 102" L 72V _ convergent (*= 104.5; p = 8.16 x
10 ™) ¥ L divergent (= 403.57; p=7.95 x10 YLV, KEVME L RoT-, =
? K 91T tandem FH NI EAR R BLA T 2 SRR 7 OMBREIL, o
ODZATDHMDORTIZH_RI D EEHL T LA RN, £
divergent % A 7 DEIZFIZOWTH tandem Z A F1EE TRV LA, FEICH
<ENLTWD, 7272, B bDF J KBV TOHETIE, divergent & A 7 Diiz
ENRESNDHEBEELBEFXTICBNT, FIZHRWERBRR LN EH D
(Trinklein et al., 2004)723, v B A XFXF D7 ) LAOFRBT 0 7 7 A /WZBWNT
X, EDOFMPED X A TIZBWT S BRI 713 B2 M2 =R & 5
ZEBRLND,

B 11 OFEFITTRT NI~N4 1281 % WA “Ffl & pvalue IZTENEFh, =
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442.48,p = 6.14x10-82 ; N1, 4 =25317,p=7.04x10%; N2, »#=123.71,p=
223x10 N3, #=12575p=926x10"8:N4 L7320 H A " FfEiL, BE
BEFICBWTOMEIC S, BiafMic—osiEL., oL L L MIcEET
P2 %, D% Vs FEOBEERENS 5220 TE L OBFA THi- T 2
EERIELRLE, EOEICBWTYH, 25 OET p-value 2> HFEHBIICAEE
ThdEWVWxD, LPLAnb, ZHOREEIT. bo & bW EEEEERT NO
(< B ERB/INESWEZER-Z, B 1213 FKICNIO T —7 v b &
DME T OMOBETFEEHELLZLDOTH D, 20T —F OKEIL#EE
DHREICH D, A X T AT ORI FICBWTHHERISF 16725 2~4 Bs
T DOIIEBEIR T DRILY T AL =8 5~10%F1ET D &V ) #E & — 8T 2556
DERDH I ENTET (Renetal, 2005; Zhan et al., 2006), A [ElfEH 3 57 — X 1%,
WEIZHEINTT—F ERILL D B EFFS>T 4%ty FZ2HWEZHDOT
DT ENFEATELEER D,

N1 IZHWWTIEA A ZRES Y = 4886, p=192 x 10* L2V | HEHOICHE
ThoTeh, Zop-value [T72 0 KEV, I HICHRBIIZEITS 1 AXe o
BAR7 3 8 fE(Blumenthal et al., 2002), & #E SN TWH I b, 4R, #
BFHZHEET DI TUE, ZOBFUEDORES S HEBRELIZWEE T,
p-value % .5 & . N5~N8 Tl p-value 7 10 " ~10? D#iH THERE L TH Y .
N9, N10 &1E< 725, N8, MIZH DB TIL 8, BIFRICEEFN L BT
1310 TH Y, RO ROFH I ANA—TE I LICHFHIICAE T D, 2D
ZEnn, AE, #ET OB FRE I0EETLE L,
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(%) (%)
10.0| (a) Total NO 100 (e) N1
x2=1565.942 (p < 4.4 X 10-307) %2=442.480 (6.14 X 1082
50 50
0.0 0.0 q-—-__—J
-5.0 -5.0
10.0| (b) tandem 10.0| (f) N2
72=1316.145 (1.2 X 10-267) 2=253.174 (7.04 X 1043)
50 50
-5.0 -5.0
100 (c) conwergent 10.0| (g) N3
x2=104.492 (8.16 X 1014 x2=123.715 (2.23 X 10°17)
50 50T
0.0 w 0.0 —r J
-5.0 -5.0
10.0| (d) divergent 10.0| (h) N4
x2=403.566 (7.95 X 1074 2=125.748 (9.26 X 10-18)
50 50
-5.0 -5.0
0.0 0.5 1.0 0.0 0.5 1.0
(-1.0) p-value (1.0) (-1.0) p-value (1.0)
11 YrA XFAFTITRIT D BEREGF DOIRBHOAFBIERE DR R
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BRAEMD T ) MBS IR BRISFREORBIEMIL, 7 L EORTIC
BWTITR G R ~OFBLN A REZR 7 0 — Z —fEIC LB O = o o — O F|
RAIZE 2500, 7/ A2RIZBWTE, Yk B2 W TOELOFREL ¥
— VR T RO uvFUEICL D B DD H H(Hurst et al., 2004), 7 v~ F
VEEE LT REEEOFEIT LT LIXEZER S O & A7e 4T 5 53 (Cremer
and Cremer, 2001; Sproul et al., 2005), /A XDOBEFHEZ BT D IR BB T
DREBGIE FEBLTENC L 2 BB T OHFRIC L 5 b D7 & H % 545 (Semon and
Duret, 2006),

AR 28BLT — Z 128V T, 16972 OIS 2R X7 1X, T4

(BN LB 7 L L THRRB S LM 2R > Z L RS, i
ST, YEAXFTAFIZBW TR LN D BT 2 HBLEE 1T, 7/ LB
WTHREHICA B R ERER LT 282 Ao HT HiEzHwsoiz, 3
EH YT — 2 ThbH EEZ LI,
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¥ 3E FDR ZHAWE=AROVIRERE
¥ SRIA—DHETE

3.1 Ax

YA XFRFOT 7 KEBLE 27000 BIE 7L SNTWDLR, 2D I 5,
ATH1 Genome array (2 & 0 JEHLFR L 2 I 7E T & 2 D% 22591 Bin 1 & 72 %, Btk
TIERBIEF 2 AN—TDITEFEL R, ZO72), BRI T OMHEBEREIC
DNTHTRTOBEBEFIZONTEHETE 201 Tldlew, fEHATREZBiE
IBA_TNEv e A XF AT D 5 KOGARENENTHETHL LS TWD
L ODAEEZEZBR L TRET D, LoT, AT, BEEET L L CTHBEK
BAFRT L2 LN TEIOE 16972 DT — F Bt ~T7T &\ 5 Z &Itz oTz,
Z D 16972 EDFABMRENE Nt &R T Z &I L7, £ LT BT E RS D n {#
DBAGT 613 n— VEOHBREBIFET D Z &1 D,

Z 2T, ARH#FFED B JIL False discovery rate(FDR)(Benjamini and Hochberg,
1995) % & & THERTANIC A B 22 FH BRI DMEIZ & 2 BHEBIn T 0 71— 7 2 1% iR

TAHZETHDH BLEFXTXTOEERL VAT FO LI L TEHE L,
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Step 1: T DB F T HEFLELE NI BRITHESE, T F LT x
7 % Nrea 2> HIEOE OFEE 2 1,
Step 2: Step 1 % 100000 [FIf##: 0 K LTI X TOEIEIZIB T 5 EIEEE S,
R(x) ={F(x),i=1,2,..,100,000}
Step 3: R(x) D ZEF& 100000 14 2 FUE D FENE T~ 2. RX) D _EAL o154
LB OB EZFEMEE LT Thr(e) k75, 2D & & RX) THW - a%IZFEILT
B T20T O EBEOHBIRE DT — ZHE % Nrang(ar) & T 5,

Step 4: ET —XIZBIT HHERHT D x HOMBEREIZ BV TOFEEMED Thr(a)
KO REVETTZ Nea(@) &5, 72720, #T HMHBEOME E, AOMEEE%
et DI L .,

Step 5: FDR D5 1X FDR(a) = Nrand(@)/Nreai(@). 7> 53 <

ZOMZETIEXx=1,2,3,4,5,6,7,8,9 Zffivy, «=0.001, 0.005, 0.01, 0.05, 0.1,

05,1.0 ZxIZHETHMEE L THWE,
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E5F—201E
start

IF LT 20

M1 BT T AT — % (16972)

stepl

ERT S BEEEET HANEO
BRI T i {E% St B (Y B N=2~9)

step4

A

Step3lCHITD
N FICHELTOD E2a%d BEICELE DT,

(observed £ EIE)

SteplTRAELA EE738 7 —28EDD RT3

step5

step2

16972 M HERF — 2 e T AF LICNEZEUZLT:
BRI FED 7 — %1z » HE B/ (N=279)

\ Il step3
S LIGNBEC B EEET T D
PEBIORGD LT —42 8
«=0.001 %,0.005 %,0.01 %,0.05 %,0.1 %,0.5 %,1%
(LD T O EEEIRL O HEEMES T3

step4

ERTINBORBEEETOT —205
 10.001%,0.005%,0.01%,0.05%,0.1%,0.5%1%
[ChhaT—287HHT 2
(false positive I 5 1B)

EF—R-EHENSFDRERELT S

14 B8 —# 0 0EBHE, BEiRE%2E X FDR 2R ET 3 AEDBEK
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32 #HRLEEXR

AWFIEO B, HFHICEREIZ, 16792 0T —4 & v b bLER 70—
TEERNTLHZETHoT, ZTOHMIZEVW T FDR(Benjamini and Hochberg,
1995)Z% % Z & T, IR ZERE L HWCBIE 7V —TREEZITo T
GAICBWTHAETLMEE 725, HEIXEWBABETH 2 K O iR os;
BIZBT D, SHICHA OREZBE LTI 5720 &0 9 BEIZ IS T
Xl lBEZD, ZOFETERE LIV A XOBHET 2B E T ORI O [
DOWHEZ | R A R CTERE LIz T v 4 DRI U BT O FH BIR R 0 1
LTI LEaR—RAL LTS, ZOHEBKRETILT V& L7208 PRI L
5 S OPRE % 100000 [ 0 R LE D342 HEE Lz, ZOHFEICBW T

EE LTI 2~10 a7 28R 5 Z L IC L D MGHAE B L 2 2 MfEE o Z &

IR, FNFRD o DFEITEWTD FDR, FDR (& ET D EWVWI EX %
Fro Tz, £kt T 5 n HOBE 2BV T n-1 ORI H 5 & &
ZTIT>»TWWb, 72712 L, MR E -2 L L TWHOT, Hfigad b Z &

IC L VBB T BRI OL— I~ LR NEE b H D, R

i & T oA N n CARRBE T AREE T DTN . EET D EITERS
AT o7,

A B ORFSE TIZEMZR 2 \IGTF 720 OBIGFREOMBIRE, Z UZBEE s
TOMBEFREZOLDOTH LA, ZOHMEAN 1L lOT—2nhbhd T —2Ey
MIFDRAFE L 720 T X H(FDRL 2 X 5)7-0, MRT — X HERW T,
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1.0 r
09 -
08 -
0.7 -
06 -
0.5
04 -

® (o0

FDR

0.1 ® . ®
OO ' [ ] \ \ \ \ J

0.00 0.001 0.005 0.01 0.05 0.0 0.50 1.00
Statically significant Level (% size of quantity)

X 15 #& window ¥ A X215 LA o %i2EBiF 5 FDR OEAL

FDR & « (0.005%~1%)DEf% B FEHOY A AORKRMRYT A XEHEL L
T, B (@) 133, 7F (@) iX4. 8 (0) 285, 3|k (©) 236, ¥ (@) 237,
K (@) 88, F (@) 9, Efa (@) 2810 THKT,
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120

L =)
— —

# of FDR corrected gene groups
o
S

0.5 1.0
FDR

X| 16 FDR &, FDR OfENHRE ABEFEHEOEN HITPHRIC L W H#HES
N3 FDROSIZBITBABIEL A ENE I T A X —$

BIEFEHOVA X ERTHROE, ZOHEROME L FEEIEBROMEBIXLTO L S
2725, 3; 8 (—) ;57(0.911), 4; 7R (—) ;82(0.969). 5; # () ; 85(0.933),
6; 3/Fk () ;6(0977), 7;#&k (—) ;90(0.929), 8; K& (—); 103(0.914),
9;%F (—);92(0.960), 10 ; @ (—) ; 77(0.996)
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M 1507 vy F7 7 73S REIONETHW ATB W T, B/ V—72
CIZFDR B EDMER DD ER LD TH D, a/hESL<kd L, HHTD
T=2 w0 FDR VNS RN A B D, DF D FDR A3/ME
KBRDHEMEIT. adV/NSVIREETH DL Z L0 D, adV/hNSL<EREINDLS
B BUE LEBEBEFRICBO T, TORESDEOBMEEE & 5 EETFHET
HHEVWIFERNDND, £ 2T, Allffiolcal ZOXIST D8I T TV
—7OE N ETDHE, BGEERWET =22 WETHI L TEDHEE X
77 ZTOXIIZLTFDR Z S EICHIMEEE 2D 2 DB % (1 - FDR ()
EHEE LT, KM 16 1XF0HESNTZT —Z % b LIZFDR & FDR L VW72 [
M7 — 2B OBERMEL b &IV BRI CTh 5, 72d. Z OEIFHh#R
IHMEHEITET 26D TH Y (r>0.911), HER SN BISHEOEE ORI EVWAEES
MWhHhbHEEZLND, TZT, ZITO¥TEL LIV, XFAFITBIT 5D
N URR IR ROV TR AR TS B &0 930 aHEE Lz, K 16 12
WCHIRRO R KB L 72D DX, BB ELZTIEH L2, FDR=05 O L X ThHo &
WET D, ZAULFDR 2R L T 5720, 7 — X RED 435 FDR=0.5 [ZH 1>
THAGE L 2D B HND0 6 Th D, £ LTI D FDR=0.5 &9 flIX[ 15
IZB W TClda=05%0HYT 5, a=05%I28)5, Bz RO A X 3~10 D
THEREML, BERDHLIAIMAET DL, a=05%, FDR=0.5 |2k Tl
201 Bl FHENHEE SN D, DEVEREIHWET—Zhbya A XF X5
BXZ (1-0.5)x201=1005. BIZ 100 HDOA <20 k@ inFREE - T
WHEHEITE D Z LD, L L, ZOBMBETCTHlSN DB TEIX. 2
HLELFBEENOLD LD, Z 2 TFDRA0.1 L2 BEICEE T2 &
Z TR SN D BIFREICBWTL, fiE-> TTHlShZboREEn
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LAREMEIX. 10 72D 1 E VD 2 &ITR D, S HIiTa FIFIUX, THISH
HBEFEILS BTS2, #ifo TH S 2B FEEER BRSO T2 LT
EHLBERXOND, A0l HHEER /N D a=0.001%ZF\TiE, 63 fHDiE
BFEENP TR S, BEEISNDIHOEZHET 5L, 13 HOBIRFHEBHEE S
boL LTERSETERZ, 72720, ZOHAD FDR X, BETA AT LI

10:0.02, 9:0.04, 8:0.01, 7:0.08, 6:0.02, 5:0.01, 4:0.01, 3:001 &7
S TW5, bEV FDR Th5 0.08 A HHEIZE X 5L, 13O TFHIENDE
BFREOPIZ, 72 1 HOMES BT AEEND Z LI 573, 0.001%I2
BIFDHFDR DK ERLHE, 002 THY, ZOBEROEENLIFHEIND
T=IX U T EART LR THD, /o, 0D EV FDR & #f
DT —=RIZOWVWTIE, EREICH—F v e LTEREZED D ETHE, o7 —
ZaffDenWEE)RNGAETH D, SR >T-BInF 7 N—T P A XF X
TIZBWTIE, a2’ 0.01%DIHIIT TR TOHFAITHBW T, FDR A 0.LLLTF & 72
STWNDHI e, ZOBMEZ S FDR OB KR ZZE LT, MatMIcaERE
B HEFIRTE TS EE X, Z0a=001%I2BW\CIEEE T 212 [Ho#
IBFHEEHEE Lc, 20 212 B OB s TN b BHAE 2 JEBR LI AEHIZ 34 8 D&
B REEST, T2 21X, 20O 4 EOBELETEHIZOWT, FDR & b & IZFHli 5
% & a=001%TO FDR (ZX 14 TiIm K TO0.07 FHEICHD Z LN TEHDT,
34 x (1 -0.07) =32 ODEETHENMETNCAERER VD EEI D ENTE D, &
Tz, BEEEFIZOWTIE, fIET/RLULEZEE I ICHERSWVERI S H Y |

Flov A XFTAFIZONT SRR FITIFEBA T DA A mWE Foh T
F 1 (Williams and Bowles, 2004), thalianol A aREE & L CHE Sz —o 0
BFRHCHD 4 BotRERE L TESK AR DX SR LD Z L 3FY
T& % &% % 7= (Field and Osbourn, 2008), > v . HLFEHOFEC, HEREAIIZ Y
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HT BT TOLZENALNLIONIWVIEHEE 2D, Lo T, ZOHf
FETITHANC PP LODBIETHE TH D EEXT2a = 0.01%DHEETD
B FHECERZH T, ZOBLBTORFEER L Z LICL-> T, BN
NRBEUVEREMRDIZSESIDLVHDEFATEY, FDR &b &2 LIBE T#E
WHENAHTHDLZ LEMHRT LV LS 2T,
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X3 UVAVRUPARZLTUFLAT—FICRVRELERESL, TDOL X

DRMBELLE & 72 BHEE SN 5 BIEFREDO I O BR

rate  of
random windows size
100000
9 8 7 6 5 4 3 2
Ave. Cor | 0.5479 | 0.6043 | 0.5771 | 0.7118 | 0.6797 | 0.7314 | 0.8454 | 0.9651
0.001%
Ap.Data | 8 4 16 2 11 12 9 13
Ave. Cor | 0.4968 | 0.4916 | 0.5259 | 0.5915 | 0.6378 | 0.66 0.7763 | 0.929
0.005%
Ap. Data | 16 21 23 16 18 32 15 19
. Ave. Cor | 0.4652 | 0.4728 | 0.5051 | 0.5583 | 0.6022 | 0.6507 | 0.7473 | 0.8907
0.010% Ap. Data | 24 27 26 26 26 33 27 23
. Ave. Cor | 0.4041 | 0.4314 | 0.4544 | 0.4954 | 0.5353 | 0.5976 | 0.6815 | 0.7938
0-050% Ap. Data | 51 47 54 51 53 52 46 33
. Ave. Cor | 0.3715 | 0.3969 | 0.4304 | 0.4656 | 0.5006 | 0.5645 | 0.642 | 0.747
0-100% Ap. Data | 69 67 67 67 78 67 68 54
. Ave. Cor | 0.2661 | 0.3079 | 0.3408 | 0.3825 | 0.4248 | 0.4798 | 0.5534 | 0.6549
0-500% Ap. Data | 166 181 173 152 157 163 164 146
. Ave. Cor 0.232 | 0.2864 | 0.3391 | 0.3814 | 0.4373 | 0.5036 | 0.6017
1.000% Ap. Data 272 312 271 262 271 261 243

[Ave. Cor.] 137 7 A X —NOFBNZ#E)ST DEME L 72 DfE. [Ap. Data) 1X3ZFE
BB AT Lim 7 9 A2 —0¥., £ - REITIASRIOZE CHV - FDRO.1 UL T
ERDBETD Y TR —ETH D,
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T4 E BEFT7/ T—avIzED
. ARAOUKEETFDEEM

FDRIZXL V|, MEMICHERFIEEZHWT, MBEREE L &I L HTiH
WAERTDHIEIETE L, LrLERS, AXar0oERICHD L Hic,
BEIZOWTOHERNRWEE T, A0 U HERBETFEER LTS AR
EFEZxD, £oT, FDR ICX o THIH L2 BB FHEICOWT, ZZICEEND
W FICOWT, fix OB TT7 /) T— 3 VIEREENEREZMAHINT5 2 &
T, ZTNENOBBETHIAN2 A4RL LTTHICET 25 O Th 5 & AT
L7z,

41 USRI —RNELFOHEETY/ T—> 3 VA&

A XSRS OBInFDRERET /) T — 3 3 ZOWT, AT “Arabidopsis
Gene Classifier” (Takahashi et al., 2009) % H\\ 7=, ZDOF —& X— 2%, AT —
AN—=ATHHEBOMIERREZ S LT, SHICMOY 77 L AT =4 &
ICRERINTR LN OHARNDIEHRE S LITHEIN TR Y, HEROBEET
DT )T —=varElHZENTELEIICHIFINTND, FiZb L o
727 —%% v k& L TIZMIPS (Mewes et al., 2002)<° RARTF (lida et al., 2005) & \»
KRB B DR, 1FNDF —Z~—Z (Shiu and Bleecker, 2001; Wintz et al.,
2003)PNEZGZHIZHL D Lo TS, A m UERBIEFHIZ DWW TEROK
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(XY A TIRBREET W TREZIT 272,

pras Zrl:(— )

ZITm LG iFENTENS TR —RICEENDIBIG & T —F =R LT

BN TVDOEETOERTHY ., i FBOKEICET D Blatokerv(i=

2,..., N Z 1 Arabidopsis Gene Classifier (Z X5, NIZH D7 T A X —IZE& £
BIETHETHY TIZT—F =R L TOBBTFORBTHD, ZOREIC

VWCIE “unclassified protein” & R EL S LD FERERINLE £ 72, BEREO BT

“unclassified protein” DFEEE 7 T A ZFRNT rid22 & LCW5, Z Z TO p-value

A R/ AALVRD, ZOLXABEEITg=r-3& L7z, ETHKRBICA T
—={EIZ D I A R & TR L 72 (Holm, 1979),

SHIZ, T/ T—va s ilonWTIERTF7 7 AZ —HNOEIT % Gene
Ontology IC X257 /7 —> a »OfIMbi~7-, ZiuL TAIRIZKL D web 77
vy b — ¥ a3 v T & %5 GO slim terms & M W &
(http://www.arabidopsis.org/tools/bulk/go/index.jsp ) (ff3% 3£ 1), & BT[] /5 7R
(Hypergeometric distribution) % % & |Z Gene Ontology @ p-value Z 7% 9% Hik%
R LT\ % GOSTATS (Falcon and Gentleman, 2007)Z{# - 725 — 4% $, B &|C L
(& % 2),

F72. 7 T AZ —NOBIL T2V T BLAST 12 & 0 BlSIFHEMME 2 38T 2 =
IR VBETFORBICEDEELE XL, ZhiZvrA XX FOLRBIET
BT R—A L LT, HEIMERSEZTTV, E-value B E LT 10°LAF & 72
LDUDNT TAZ—RNICHEENLHE, TOBGTEEERIET LB AT,
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http://www.arabidopsis.org/tools/bulk/go/index.jsp

# 4 B FROATIC LV REHOCABERERE LTV L LTELNEY A XF AT BETHESH GEICBITH5a=001%, X5HIZCIDIZTHRNIS S bDIEa=0.001%IZB THER
SN7CBEFE). R EESOBEBBEFAITONTVA G, BUSADORIZOWTIX, BLASTIZX Y, BEFHAN CTRIAQOEBEGTF L ARREFHEEME R bz, ROKIIEENEETHY .
BEFHATE 2 HDBREBICOVWTRIXFTET, ELETH. “ X% FEKE. “ X 1% EEKEEHETLOTHoI L ETRT, EKRXI—VITH)

Chromosome 1 2 3
Cluster ID (CID) 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17

Atlg14930 Atlg23530 At1g29430 Atlg39270 Atlg51830 Atlg52050 Atlge3450 Atlg72820 Atlg75850 At2g07190 At2g07620 At2g11210 At2g19720 At2g21320 At3g16430 At3g21830 At3g22240
Atlgl4940 At1g23540 At1g29440 Atlg39350 Atlg51840 Atlg52060 Atlge3460 Atlg72830 Atlg75860 At2g07200 At2g07630 At2g11220 At2g19730 At2g21330 At3yl6440 At3g21840 At3g22250
At1g14950 Atlg23550 At1g29450 Atlg39430 Atlg51850 At1g52070 Atlge3470 Atlg72840 Atlg75870 At2g07230 At2g07672 At2g11230 At2g19740 At2g21340 At3g16450 At3g21850 At3g22260

At1g23560 At1g29460 Atlgd0150 Atlg51860 At1g52080 Atlg63480 Atlg72850 Atlg75880 At2g07240 At2g07673 At2g11240 At2919750 At2g21370 At3g16460 At3g21860 At3g22290

At1g23570 At1g29470 Atlg40230 At1g63490 Atlg72860 Atlg75890 At2g07280 At2g07680 At2g11270 At2¢g21380 At3g22300
At1g23580 At1g29480 Atlgd1795 At1g63500 At1g72890 Atlg75900 At2g07290 At2g07690 At2g11360 At2921385 At3g22310
At1g23590 At1g29490 Atlg4l797 At1g63540 Atlg72900 Atlg75910 At2g07300 At2g07691 At2g11370 At3g22320
At1g23600 At1g29500 Atlg41810 Atlg63550 At1g72920 Atlg75920 At2g07320 At2g07692 At2g11680 At3g22340
At1g23610 At1g29510 Atlg41820 At1g63560 At1g72930 Atlg75930 At2g07330 At2g07693 At2g11690 At3g22350
At1g23630 Atlg41825 Atlg63580 Atlg72940 Atlg75940 At2g07701 At2g11890 At3g22360
At1g23640 Atlg41860 At1g63590 Atlg72950 At2g07702 At2g11910 At3g22370
At1g23650 Atlg41870 At1g63600 At2g07705 At2g12170 At3g22380
At1g23670 At2g07706 At2912190 At3g22400
At1g23680 At2g07713 At2g12210 At3g22430
At1923690 At2g07714 At2912230 At3g22435
Atl1g23700 At2g07715 At3g22440
At2907718
At2907719
At2g07721
At2907722
At2907724
At2907725
Number of Genes 3 16 9 12 4 4 12 11 10 9 22 15 4 6 4 4 16
Cell cycle 1 1
and DNA processing
Cell fate
Cell rescue, defense
and virulence 1 3 8 1 4
Cellular communication
/ Signal transduction 2 6 4 6 1
Metabolism 1 7 2 2 2
Protein fate(folding,
modification, destination) 1 1 4 1
Protein synthesis 4 1
Storage protein
Transcription 3 1 1 1 1 2
Transport facilitation 1 1 1 1
Transposable elements, 1 3 4 1
viral and plasmid proteins
Unclassified proteins 3 14 2 11 2 2 5 19 7 1 9
Significance level N/A - *k - - *% - *% - *k * *k *k *%k *% *% *%
Significance level N/A x x N o o x

(Bonferroni correction)
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R ARLE)

Chromosome 3 4 5
Cluster 1D (CID) 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34
At30g26210 At3g28770 At3g30396 At4g05190 At4gl2470 At4gl5330 At4gl6860 At4g22030 At4g23130 At4g27120 At5907440 At5g28550 At50g38120 At5g45420 At5g47980 At5952670 At5961660
At3g26220 At3g28780 At3g30400 At4g05200 At4gl2480 At4gl5340 At4gle870 At4ge2040 At4g23140 At4g27130 At5907450 At5g28560 At5g38130 At5g45430 At5g47990 At5g52680 At5g61670
At3g26230 At3g28790 At3g30440 At4g05210 At4gl2490 At4gl5350 At4gl6880 Atdg22050 At4g23150 At4g27140 At5g07460 At5g28570 At5g38140 At5g45480 At5g48000 At5g52690 At5g61700
At3g26270 At3g28830 At3g30450 At4g05230 At4gl2500 At4gl5360 At4gl6890 Atdg22060 At4g23180 At4g27150 At5907470 At5g28580 At5g38150 At5g45490 At5g48010 At5952710 At5g61710
At3g26280 At3g28840 At3g30480 At4g05240 Atdgl2510 At4gl5370 At4g22070 At4g23190 At4g27160 At5007510 At5g28590 At5g38160 At5g45500 At5g48020 At5952720 At5g61720
At3g26290 At3g30490  At4g05250 At4g15380 At4g22080 At4g23200 At4g27170  At5g07520 At50g38170 At5g45510 At5g48030 At5g52740 At5g61730
At3g26300 At3g30500 At4g05260 At4g15390 At4g22120 At4g23210 At5g07530 At5g38180 At5g45530 At5g52750 At5961740
At3g26310 At4g05270 At4g15400 At4g22130 At4g23220 At5g07540 At5g38210 At5g45540 At5052760
At3g26320 At4g05280 At4g15410 At4g22140 At4g23230 At5g07550 At5g38220 At5g52770
At4g15415 At4g22150 At4g23240 At5g07560 At5938290 At5952780
At4g22160 At4g23250 At5g38300
At4g22190 At4g23260
At4g22200 At4g23270
At4g23280
At4g23290
At4g23300
At4g23310
At4g23320
At4g23330
Atdg23400
At4g23410
At4g23420
Number of Genes 9 5 7 9 5 10 4 13 22 6 10 5 11 8 6 10 7
Cell cycle 1 1
and DNA processing
Cell fate 1
Cell rescue, defense 1 3 3 1
and virulence
Cellular communication
/ Signal transduction 1 2 1 18 1 1
Metabolism 9 6 1 1 7 2 3
Protein fate(folding, 1 7 1 2 2 1
modification, destination)
Protein synthesis 1 1
Storage protein 4
Transcription 2 1 2 1
Transport facilitation 5 1 1 3 3
Transposable elements, 1
viral and plasmid proteins
Unclassified proteins 5 4 2 6 1 3 3 3 3 9 4
Significance level - N/A - *k *%k - * Hx Hk *%k - *% * - * - -
Significance level _ N/A _ x N _ _ - x x _ - _ _ _ _ _

(Bonferroni correction)
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42 FHREBE

AHEHITIE, TNENOBETFHZHIATICS720 . BT —%
2UF., CID(Cluster ID) &\ 9 IEFRZ W CTRB 21T 5, HEE S Vo BB FREORE
RICOWT TAIR IZX oA bay—2b LI LIEREEYZ 7 A4 U 7 TldE
T OBIBETREC, BhEKENEE > TV IBE AL ZENTE T,
L2 L, il A2 3 2 12T 2 D 7= 9, & 512 Gene Classifier <> GOSTATS
LT =2 DR aiToTlc, TORMKEE 4 1 TRT, B TFREN THEIMM R

DFERNVE <10 L7225 L DIZONWTIE, T OBIE T4 DaEEZ TEDOXGE
FLTWD, CID=9,18, 23,2832 O 5 D>DEETHEIEL “metabolism” OHHE
T A% Ffo> Tz, CID =6, 8, 15, 24,31 @ 5 S O#E{s7HEIX “cell rescue, defense
and virulence” % ff-> T 7z, CID = 3, 7, 22 @ 3 SO#EE F#EIT “cellular
communication/signal transduction” % f-> Ty /=, CID =27 | “storage protein <°

“protein synthesis” % OBIn TRETH D, GOSTATSIZL A GOICL D7 T A
2V TRERIIER K2R LIEL Il o7z, CIDL @ 3 BAis 11X “response
to biotic stimulus” XTI SIGT HEETH TH Y . ZHUTAEERBEICE
< EZE2 LD, CID3 TIXIBERTH., 7 ODEMET-H “response to stimulus”
R S W ARV R INE T D8I T CTd o7z, CIDS 1L /37 B D
U UBABIZ DD DB FRETH o7, CID14 IZBIT 513 & A EDRIETIE
PREERZRFEM TILZ 7 A Z Y 7 SNV A MAOWRERZDOHEB LY, 7
nu7T A N OMKERICED L BISFHEE L DD, CID30 (2B TIFZE L
DB 71X “lipid transport” (ZJ& 9%, CID33 DB F-HEIE. &FA A UG &
i %
“ATPase activity” 23[EHE->TWNWAHZ E7E, ZTOXIICEHETFHOKRKTTITEE

WD AELETRETTE SN TS, CID34 THEII 72 DI THEGREL LT
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2T AV =D ENIHIEETH I ENTE T, W\, BEEE 2 IZEEMED
55718 XL OEMFRI R Z N TELZ 21T o7,

PN BT D ATHIEIC L D & < OREHRISICBIT 2 BIs 1132 7 A4
— Lo TWRNnEbLNIHELH LN, 7T AX—{LITEE T OF k77
BB AT D DICH L TH D (Gierl and Frey, 2001; Qi et al., 2004; Wong and
Wolfe, 2005), R OBEFREOBMITAEELTHEOEHE LS| 223
(Mylona et al., 2008),, “metabolism “ & BJ#i-51F 5415 CID =9, 18, 23, 28, 32 7273,
ZDHH 3250 CID =18, 23, 32 1% P450 % G e s - HECTh 0 | FHEF A 723
R A2 E&Te & & 2 b5 (Mizutani and Ohta, 2010), 4 S DRk A 7 7 L L Erfb %
FiEn+ (OSC; At4gl15340, At4g15370, At5g48010, At5936150)i% A X F X
D7) L ET PASO BAGFREE LTIHEL., T IV NBICLETHFET HHDT
HY ., ZRHEMICE D 5 &I S 41TV 4 (Field and Osbourn, 2008), & 72—
OOBLF A CIDBIZEENTVD HDTH 5, 450 PA50 15T (At5g48010,
At5g48000, At5g47990, At5g47980)% &t CID32 1L TloA X m ki & L TESR
STz s+ T thalianol R o BUGRE I Tl < B#3%(OSC. CYP708,CYP705,
TIFNET AT 27 —B)ea—RRT560L LTHE I TV 5 (Field and
Osbhourn, 2008), 3 >DiEfs 1. At5g48010, At5g48000, At5g47990 D7/ Ak
TONNTIHETH D A lyrata THHER I 415 (Amoutzias and Van de Peer,
2008), Z DOHFFECRHEIZ Z OffifEZ R 25 L35 L, ZL DT LAIZBWTZ
NOHIEFIEEBE L TnWHE WS Z & ThHDH, GOSTATS IZX % p-value (2K 57/
T—a ilBII5 7 FAZ Y 7IZBWTH CID23 & CID32 XA E 2GR
B, GOterm (2T “triterpenoid biosynthetic process” Z-r L TEH .,
WRERICEDDEHLDOTHDLZ ENbND, 7220 pvalue &b il L7=2T

ST = a BN TE, CID23 TiE GOterms & L T “oxygen binding”. “heme
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binding” % L T “electron career activity” & W\ 72 ME R R 507,

CID23 IZBWTIL oDk 2 7 7 L U E{bE%ESE (OSC)AY P450 Ein1-Rf &
L TR & TV 5 (Mizutani and Ohta, 2010), —-> H @ OSC i#{x1-#£I baruol 4=
AR IZ B % Atdgl15370 (BARSL; OSC). At4g15360 (CYP705A3). At4gl15350
(CYP705A2) D =D DB TRECH D, b 9 —-2I arabidiol 5 Rk IZ
BH4> % At4gl15340 (ATPEN1; OSC) & At4g15330 # 5 A T\ 5, CID23 X2 DT
RTCEFLIENDL, ZHHOBIE L baruol & arabidiol D& ARIZIWNT
FRFCB N TS EEXDND, BILA 7T L U BRIEESRIZOWTIE, CID32
IZE F 5 Atsg48010 Hi%Y L T\ 5, Z DB T DR T 5B 7 thalianol
BRGRDOBIETHEE 70> TV D, 245 baruol < arabidiol, thalianol @ Bfife 704
REIX S S Cuieyy, UL, thalianol & RGREGR FRED ) v 7 7o hFEER,
BLO, BWEIRBEFERICENTL, YA XTFTXTORRICBITHRORID
BABRHOLND EVD | vad XFRXFOREEZRET2LEMTHD L0
FEFL2VRIE S C UV A (Field and Osbourn, 2008), — O—#i7> 6, iofbEWIZE
WTHIRERDNIR D D D EH HNTIEE A RWD, REERMOBI T2 2 —7
vy hETHETO-MIRDEFZEZLND,

CID18 Ti% 9 ©?D P450 Bz FABIEFHZEHM L TWND EFZXBND
(CYP71B23; At3g26210, CYP71B3; At39g26220, CYP71B24; At3g26230, CYP72B25;
At3926270, CYP72B4; At3g26280, CYP71B26; At3g26290, CYP71B34; At3926300,
CYP71B35; At3g26310, CYP71B36; At3g26320), = ® CYP71B %7 7 7 X U —|ZJ&
3% P450 EIn T non-A Z A 7 & R, FRRFERAY 72 ZURAREEEM D A RRE
BEOZHMEICHEG L TNnD EEX BN TND, ZdCID18 TO 9BETI1LT
T, GO term T X % 73$6 T3 “oxidation-reduction process”. “oxygen binding, heme

binding”. “electron career activity” O3 A >, b CYPTIBH 777V
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—IZET DEE T 17 9 H A, 2D 3FYOARD/NS 2 fHIICEFR LTV D
EWVH Z LD, BUEDKRME LRTDIX, Zh 950D P450 EisnfI3dk
FHLTWDR, TORBZBT HEMTEEHAL N L RoTHRNEWNS &
LTH 5,

OICHERE SNTZBIBTFRECOWT, LR BUB(RT-HED B REAY 72 BEME & F7
Sfi| % 7~x9, CID13(RPS15AB, RPL28A, RPL31A, RPS30A)IFAllaN<E D V R
— Al EETRECTH D, CID=16,21 (T2 EFF U Effilc L D7 XV E
SriERICBE D D, “lipid and fatty-acid” @7/ 7—3 a 23Dz CID9 ( EXLI,
2,3,4,5,6,ATA27 ) & CID28 (GRP14, 18, 17, 16, 19, 20)IX5 & ik D A ki
%, CID22 F LU CID30 [ FMEEHXIZED D, & 522 d CID22 [F KKk
WRERICED S, ZNLOFAIEY A XTFXFDF 7 MW T, fEixd
AERICEG T 2R, B rEadlE T 2700375 X 9%
BaERESNTWALETRREND, VA5 L, ZODOBGEFIX, TO&E
AN a—RT XN EEINA T~ T )= AT AEfERT 5720
TS 5TV B (Williams and Bowles, 2004), & HIZHE R A2 BT & HEE S
NTEBIE TR OWT, REOKERE & EOE g RE I, ZUTMAT
ToHARe BB THERBEVOREIZED > TWHOTIE RVt n ) §
DT D, BAMEMIZBNT, HMAZXHT 5 2T ATEEE 28T 27
FICEDHONRREHTH D, CID9 IZFFENSH “extracellular lipase family 117
DT )T —varyyh 2o 8T (Atlg75880, EXL1; Atlg75890, EXL2;
At1g75900, EXL3; At1g759, EXL4; At1g75920, EXL5; At1g75930, EXL6) & CID28 |Z
& F 1% “glycine-rich protein/oleosins” D& {5 1-# (At5g07510, GRP14; At5g07520,
GRP18; At5g07530, GRP17; At5g07540, GRP16; At5g07550, GRP19; At5g07560,

GRP20)IIHEM DAEFHIZI W THELT L5, b, U A=A LA v I e
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et Z NI ED 0% LR L TR Y, HEEHIZI T 288 OKFI G D
BALAIZBE5-3° 5 (Mayfield et al., 2001), 1&YLARIZH 5 CID9 & 5FROMARIZH
% CID28 [T AVMIMSZL L TV 5723, SEHIFIC IV THllA [ IAERIICIL I 5
AHH, ZNDLDOEEFRIEL, YT 2 L3, B2 27 7AZ—{LL T
FOZ Lickv, FIAEZ LTI 2R 5, BARDERERMICEST D
VBN HIUT, REROBEFRHEOTMITH L <BELZ LI D, 20
IR ) DOFMEICE R T DERTREATH D,

ZOWFFRIZBWT, GO T/ T — a VO L v “defense response and
immune response” DT ) T —3 3 LV InOWIZEGFRET CID=8 35 XU CID=24
Thd, CID8 ® 11 EizFH D 9 HElxF(Atlg72850, Atlg72860, Atlg72890,
At1972900, At1g72920, At1g72930, Atlg72940, At1g72950)/% “defense response” T
O, TIULT TICHREHRT 2B FL L THEINTWD (Meyers et al.,
2002), CID24 (Z& 5 “immune response” (Fef)G2R)D 4 i&is 1 (RPP4,
At4g16860; Copiad, At4gl6870; At4g16880; SNC1, At4g16890) I35/ THI9EIZ L D &
IHHRWNIERBLZ T2 BIn IS LTl SN 226 B FHEICEEND D
DD 1BETFHETH D, (Zhan et al., 2006; Yi and Richards, 2007).

ZOWFETIEIFDR 2 0.1 L L &2 Z &Ik e/ hs <M n 2 &
(CLTee LIPLRR D, S HIZEL O 1 URRBI FREZ S 23972513 FDR
EOLOICRETHZET, e xIX, FDREZ 025 & §52 LTV TAZ—D
B 57 ITHR D, T 57T [T R T-ITiE, v R T — ARG & L C B
P EN5BIa it LTHESNZLOREENTH U S (Field et al., 2011)
(f1& £ 3), B, SHICERHFEZHLLS, DFEV 3EIIBITDHa = 0.001%I2
BWTHEIND FDR=002 Tix. 13 il @ & iz F # (CID =

2,3,9,11,22,23,26,27,28,29,30,32,33 ; & 4 CID IZ FfR) »xfibhd 5, 2D L 570 H
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M 72 BIERR E IR ERR T — 2 BIRP AR TIE RV E WO EA b E 2 DI
L0, BETE LTRSS EEFHICIZFDRICEZEFEMEEZ 5260 TW5
ML, TRICEENDLGBRY EBE LT — 2R ATRE & W D R THAH
ThbE&ERD,

FNm 3 EE, BEEAER TR DEINTE, LrL, fitl
(Caenorhabditis elegans)iIZB W TCIEA R VA ERLTFINH D Z L &2 1 ZETH
ML EBY THDH, ZOMBITIHBLZE 900 IS4 Na U BRE I LT
% (Blumenthal and Gleason, 2003), #tH DA jia=—r7 +rIFLARS
TA T OWMBRERT RO RNAILZR DA, Zhid, @t L CTEEOEBER T
Za— R LTW5 pre-mRNA 725 — o D#Ea % a2 — K4 % mRNA BNER S h
% H % TdH % (Spieth et al., 1993), FRH D A1 o OREREIC DWW T, E STV
HIEMESHT L L, WaEY JAZLIZEDOREOBRFNA e SIZEEN
TR INTND, 2 DA N NIEENDLBIE 0, BT, X
FAT FRRE VS ERBHIEO AT v FICEE LT H EERTVS
Fo, MRkR RIS, b L ITMRARNICEH BB, 27— 0 MR
NWEANCEOVFBTIEON D ET v = ~AET 5861, FLE oM
WO X R EAEFEICED BB Lo b DT, 1FEAEARB UCEE
nenEan<Tnsg, £ LT, iAo 3L A b L RICHIET 572
DO, FRWBIGFRIO LNV OEME WO TeMEEITIE LTV AT L TH
HLEEZLNTNS, SERIOFFEICENT, v aA XF X FI220TIE 100 &
DFARB RRBIRF 7 TAZ—BNEEND & TR LR, ZOHFIIHED

H DIZEEAIEF T 720,
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£5 vrAXFTATOBBFHEBRBOI e DER

a4 X+X+ #5 5 (Blumenthal et al.,
2003)
HINFAFRDECTFEE | HEEMIZZUIRIMLES, | [FEAENZIDEATIZ
DAROAVIEHBEMN? o2f= (AHR) B 5&EFRLEIND
SE R R RE B8 UN—FEDERK R OM>TLVEL
RN EBTOEE
HRE D BA1E7E & 45 E DHERE

#B(Thaianol & L RIEILFE)

L, BB OA e TR Th o 72, FEBLHER O8ER T- & LR BLE
GTREE LTRIEL TV DR D20 D Tl VWt B2 5, BELRVHE
WDOGE LB D XD IRE) TOEWD, A a VGRS T REORE R OFE O &
RolzbBEZDND, HYOLE. “IRNREERICBWTEZH S D5 b D
ARBHENC IS 95 K 5 BB TN HRBIEME 7L LTI Ko 1cT&E T
WDLDTIFZRWINEZ X T, MEBADERER 5 TR, LrLRBL, RO
WFEIC L0 HEE S B R TR HIE T 2B I W TITFE LWE X 1302 6
R, BREEOZEE R BV TIE, ABFFETIZERY LT Rholcz by =T
74 7 ARHIEEZ L THhD EWI RSB 2 b b, Ein 1FEEHESY 400bp
DNDOYA, BIE 02— RIATWA A& divergent 72 D DOBAR 71T
HIEFBHBF I o~TF o BEORBIZLD LD L W) HENDH D (Chen et al.,
2010), = DA, 400bp LA ETik, convergent 72 2 s+ & OICZEIZ R 57
WeEid, ARIOF N m ARBIGFREOHEICI WL, BT 28sF &
WO RMIZER L, B FRIOEEBREHCOWTIZBE L TRV, THlsh
7= AT REIC BV T divergent Z2BIMRICH S 2 BIEFHEENTWD, ZD7XR
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T, HIER 400bp LANICUTHE L TN D 2 BIn T2 & A, I OMHEIRED B
HbDOLLTrr>05 ERDIBERBRTFVPEENTN DN LR LTHRRE,
CID=8,12,13,31 IZB W\ Tt 7 5 divergent 72 2 @& A5 Z ENTE-, =
NODOBIFREOILFEHILS n~F U AEEOLALIC L D BIn FRAD L E A Ff

AIREMER B 2 BV D,

ZL DR OB T2 7 AZ—IFEEDT ) LD b HOho> TS
N, FDOEL DEFEMIEDSLEMIZE > THEL T LD THS (Yu and
Keller, 2005), Z#iE, v oA XF A FIZBWTTHILTZ, 430 U8 FRE
IZ2WTH, £ 40 “metabolism” <> “cell rescue, defense and virulence” & v o>
FHEZRDRY . FERICKHST 25O TR0 EBZ 2N, YO
Fm URBE T HOBE TR, HFEOWRRE Wo e b DITHTIT 2 b D0
PLTWDEENPLLZDLIITEZLND,

ARFFEIZBNTE, TR LB FHERNICBW TR FICHEMER R 6N S,
BinFOBEEERZR L, 20X R0, MR Ea AT 9 L TR
< EEZ DD, To& 2 1E, P50 & L CTHEREHEE S 78I T-HE CYP &
R BITKIBICEEFE 7 7 2 U —Th 203, %< OBIBEFIT-OW TH 7 f#) = 73
o THEWRW, L LHIBIL TWOABHREZ L TH5 & MR LE
YTHDLYNVY CEERHT DRIV TIE, BB CYP 2 T E
> TV % (Mizutani and Ohta, 2010), Z OB TiX, ALY 7 I U —IZ& T 28K
DEASF D, AGHRRIEO & Z TE < NIEEIZED B TEY . CYP EinT
T D 2 L THBOERMAEFENFTRELE LTS, £, ENENLORK
BRI TR CYP # R BN TV D, REFFETOA N1 U ARRIE T
FICBWTZOR I RGMEEZD L. AGHREICIWTEBE LREEORE
RREAFDL, 2OZOKETA2REVIAICE o5 TWOIEMBTEDR OIX, 5

59



BldnZ Ll2L D, ShEEMBRWEAEICHTFGTHZ BB,

UED XS ICARMIRETIIEMER TR ON IR Z X—R LT, ANm
BRRERFIZER L2 &, ZENEAEMORET — X fEHTIC L 0 LR Bk 2
THIL, BT ZITO ZEICE 0 ELREN, Z ORIV CTEYER~D 7
4 — Ko 7 EMffEs G, HRBUCEKSNWCTY ) ADT =4~ A = T %17
5LV BIAIT, BEMITOT — X7l HbE T, RMOMRHRREE DM
DT S 2 WIFF S D 0B Cd S (Castillo et al., 2013), F£7-, HFRH L Zh
(Z3EFR L CE < REHRIE OBIR 1T, WEEHIERM TH 2B T2 OV TOHF

FRERD BT DEEY —/L & U THIRE S 41TV 5 (Tohge and Fernie, 2012),
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otk

AWFFEIL, A X T AFICBNT, WHRIHADT —F %6 LIZFDR Z T
100 DO AR U KRRBIE 7 T AX =D FETHZEETHIL, £DH>HD
B4HD 7 T AR —1TFENENNET 3~22 \in T2 EH  FDRDB0.LLLFE W)
S CHEHICE RIS LIRE L2 BB TREZ Tl LT, 27 7 9 A X —I2BW T
[TBLASTIZLE W E<10°E W IHKRMICEY ., BITEELEEZEZLND LONE
ENTW, 52507 T AKX —T P50 DBIG T E G, TNUHIXT T VAR
RESNDBInTFHETHY, L _RRFRICEDLIERTFELETFHIESNS G
DThH-T, VRSN BE TR, VR YA Z TR, 2R
For7uTTy—2rFk, IFERHR, BEEMR. RAEDGEH., £727 7 20
TIEHBOYEARIZT > TWDBIEFOIRBR EE2 L5 Z LN TE T,

HeE SNV BIn FREOEIT, 01 EWVWORALW FDR ICK DT —H4 DA v D
HELHLN, NI7TIUTICRONL AN AT, L TR0y
Tholz, IZbrhrbbT, AE, oA XFXFIZBN T PRI LA ~Xe
REBLETFHICEENLIB BT, HUOMELZFESLONEEND b O EE)]
SNTEY, SBROEENZ, EERRKEOMAICTEET L2 nTEHLEE
2%,

61



e

AR E BATT DS T2 | 2= BB F BN R PR R A B A 70 R o
S EEZ HEROLIEFICEMCEY THRENEEEE L, KE~OEKE
RDDIZY =0 . NFLRIDS ZONBFIZONTOFHHEZ L TWeEE £ 0l
ShEWETEEE LI, REICRBRIT. MRELZHITFT TCOFEDOYFR— &
LTWEEE, RRCIEE LWSEL W E RN 6, REIIXEEE TH DX
R Y oo CWe 2 & £ L, MEEHBRRICE W TIE, EFICREITEY .
MHRENFICONWTORD A ZIFE L TWZEE Lo, mMEWNERHIUX
RRMET 4 =V RN TND LR bDTHHEAL, ZOHNBIENE
DHDERTEBRE | FWITRICERR B L Z L H DT NCH X TIHE
F L7, HHREMPEE V) AT LW TH o 7287 —L RO L A
HDEIRbDEEARBREZBL TESERE 52X T\l & E L, T
IZBNWTEZ S DIEEWETEE, S HICHEROBENHZ L OIS %18
COMRICHEEZITDH L L TEE L, 2=—7 R AMME D HFFEEE
NH, MAHWAXIZEZ DWEBTEITE Lc, Z2IZESHLEH L BT ET,

SRIOME LR DOFEEICOWT, BFFEHEZHE L CWeZEE L, &®
BB BN R FBR R A WA r 7R AR B— R, 205 e
O CTHILE L RIFES, BOoBNO0EEZHY L TN 2 EITRER D
CH b L. L LR S R s A TOEEZHYTET S Z L 13h
DN ETHD EH L ET,

7= B im B F B R Be KA mEH A e O Md.Altaf-Ul-Amin #204% 7>

Hlx, Bx 25 TR ZHRELZ W E & £ Lie, [Ty — L oA
FUEOEH E NS T Z LIZE EE 6T, FERLT VI Y XLOMHRIZBNTE
KO ZENTWEEE Lz, 2, BEOBEOTF v 7| mLOTF =
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IR ELEDTOITMhENETEEE L, WCHEICHTZD £ L CIEGE
fRiE & IEFICHIN R Z L ETLCWREREEE L, B, JHEEA-T
MR UWRE A 2Rt L T a2 2 &b b £ L7z, LR L RIFET,

% RSO RH P BN R EBE R PGB E R o 2 1S dEEdRICIT, A%
DOELRTHERR O Z A0 D HIOWEETH D 72036 & PN TIFmAEME T &
WOBHENS T HVELT, OO THREWESHEENDY £ L,
[FIAFFEE L 72> T b b, DTERVWBREZ AT TWeZE, FlFanT T
W& E Le, T ZITEFRLHB L EIF 9,

%5 RSB S HAN R AR R B B A e R o /Ny 5 BV HIEZ 0 2
M, PRa 2B mMAWEEEZRE L Tl EsE Lie, 2D
FEREICEBWT S, JAEIRAREZ > TIHE L CWeEE, Y7 U =7 O
Bl LTWEEE L, ETMEREOARFICONTHHERZ R LT
W& E Le, T ZITHEHLA L BT E T,

%% RSB HAN R AR R B WA ge R 0 Vel KRBV b OB JE =
THORBL, RFEFETORBICBNTORKRDOGTIXE O, FEREZEL
TOPWVERZR EZTEE £ Lz, FMFEEICR > T L BIRN < HSF - Tz
FEELTHUNRES)ZSWET, T ZITEILF L BT ET,

THERYO EiF L8 BRI KRB TOFAERROERE L LTI
BRLTWEEE, BRICHH L L TRERCOFESLHEROFE L T2 &,
FIAERENTeT —F R—=ZARNYFRICB N T RERB & 720 £ Lz,
AL B £,

A LRER O R B HEBERIT LSRR ICHTE S Cne & &, RS
RICBWTHEZTHE, &R XORNRICONTHMMNAIFEE L TV
TE L, ZZITELP L BT ET,
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AR AT AR FFREBOLL DA NPL L LRI ETRE E LT,
ARE S UFRERIZIE, HFRETL A DX DMSLHREBOEN, EHT 257
— A RXR—ZAQERR DT, TN ONTNEEEE Lz, EMENEL
TR L LM ABT 2124720 % < OBE 2R A TEABRIL A 1F
STWEREEELE, ZIJICHEILB L EFET, TR Bl FREN I,
Z OFFRICHTR SN TV S HIBSCHME CHFJEE 2 ST bam L ¢,
WAFFRIZEBWTOMEZTHS S b H Y . ERELED DITHT- > TOOHE
R THENWELELZEbHVELE, ZZITELFEL BT ET, FAED K&
MOOERRTH N ZTEE E Uiz, MH RS A, B kS AR
WCOBE., @I N7 7T 00 Kb & & ORISR T DA
EETHSHEELHV £ L, £ ENTORREEOR N ETHEIWE
EE, Flol IR  RmBEWVEEEZ ML L T2 & £ L7z, Nelson Kibinge
E AR Li Donghan & A & WS 72806 OB FAED ST 2 B2 T, HHWEEE
M<HSbLTEE E Lic, ERARTEZET SR 72IENDOFAEDERIC G
FEOMIEE TOAEFZHE L E R THES E L, Z2ITHHILH L BT £,

REIZED ., T LR L OGRS 2T D XY R Tl 2
T, ZHERRAMPEE > TWIEIRERE Tho7cled, Z< DNy 7 7
TUVRDEI ANRDPEE-TED | EHESCREL VO TBRR Ik R L
BERSERIND T LI L, £, TOLORTHABATTIIo#H
B ORI UD TR L E 77,
®IC, ZZICARTEET TSRS —E, 4R BOETE ho

pill

TERRICBEE L THOA I I TEHSETWEEE T, < OEFRN LA
R TINWIZZE, o, BE2O TDEENT LIEZ & EBWET A,
K[REICRSF-oTIHE E Lc, L #fLHE L BT £,
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G0:0009607 | 1.60E-05 3 625 |response to biotic stimulus
1 Bp G0:0006952 | 3.19E-05 3 786 |defense response
3) G0:0006950 | 0.00066447 3 2161 {response to stress
G0:0050896 | 0.00556698 { 3 4388 |response to stimulus
9 GO0:0003950 | 0.00420575 1 8 INAD+ ADP-ribosyltransferase activity
(16) MF G0:0016763 | 0.02396102 1 46 itransferase activity, transferring pentosyl groups
G0:0004674 | 0.04821547 2 679 |protein serine/threonine kinase activity
G0:0009733 | 9.02E-13 7 286 |response to auxin stimulus
G0:0009725 | 2.47E-09 7 885 iresponse to hormone stimulus
3 BP G0:0009719 | 4.31E-09 7 959 |response to endogenous stimulus
©) GO0:0010033 | 2.33E-08 7 1223 |response to organic substance
G0:0042221 | 7.85E-07 7 2037 {response to chemical stimulus
G0:0050896 | 0.00014092 7 4388 |response to stimulus
CC G0:0005794 | 0.04120451 1 228 |Golgi apparatus
G0:0006468 | 0.00020355 3 927 |protein phosphorylation
G0:0016310 | 0.00023869 3 978 iphosphorylation
G0:0006796 | 0.00030575 3 1063 |phosphate metabolic process
G0:0006793 | 0.00030661 3 1064 |phosphorus metabolic process
GO0:0006464 | 0.00127434 3 1722 iprotein modification process
G0:0043412 {0.00167871 3 1891 imacromolecule modification
BP G0:0044267 | 0.00997668 3 3485 |cellular protein metabolic process
5 G0:0019538 | 0.01353488 3 3875 protein metabolic process
@ G0:0007167 | 0.02084306 1 130 ienzyme linked receptor protein signaling pathway
GO:0007169 | 0.02084306 1 130 tr_ansn_1embrane receptor protein tyrosine kinase
signaling pathway
G0:0007166 | 0.02402052 1 150 (cell surface receptor linked signaling pathway
G0:0044260 | 0.04680844 3 6010 |cellular macromolecule metabolic process
G0:0016301 {0.00060708 ; 3 1336 |kinase activity
ME GO:0016772 | 0.00092053 3 1538 transf.er.ase activity, transferring phosphorus-
containing groups
G0:0016740 | 0.00507937 3 2753 |transferase activity
6 cC G0:0012505 {0.00059678 { 4 3407 {endomembrane system
@) ME G0:0003779 |0.01081289 1 67 actin binding
G0:0008092 | 0.01754626 1 109 [cytoskeletal protein binding
cc G0:0031225 | 0.00542363 2 247 anchored to membrane
G0:0031224 | 0.04903727 2 793 lintrinsic to membrane
7 G0:0004602 | 0.00364048 1 9  iglutathione peroxidase activity
(12) ME GO:0016684 | 0.04095663 1 103 oxidoreductase activity, acting on peroxide as
acceptor
G0:0004601 | 0.04095663 1 103 {peroxidase activity
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Class  Ontology GOMFID Pvalue Count  Size Term
G0:0045087 | 6.42E-14 8 298 |innate immune response
G0O:0006955 | 7.15E-14 8 302 {immune response
GO0:0006915 | 8.42E-14 7 150 {apoptosis
G0:0002376 1.14E-13 8 320 |immune system process
G0:0012501 | 1.59E-12 7 227 programmed cell death
G0:0006952 | 1.63E-12 9 786 idefense response
G0:0016265 | 5.13E-12 7 268 |death
G0:0008219 | 5.13E-12 7 268 icell death

Bp G0:0007165 | 2.42E-09 8 1115 |signal transduction
G0:0023052 | 3.24E-09 8 1157 |signaling
G0:0006950 | 1.36E-08 9 2161 |response to stress
G0:0051716 | 3.61E-08 8 1572 |cellular response to stimulus
G0:0050794 | 3.50E-07 9 3126 {regulation of cellular process
GO0:0050789 | 9.82E-07 9 3518 |regulation of biological process
G0:0065007 | 2.57E-06 9 3929 |biological regulation
G0:0050896 | 6.68E-06 9 4388 {response to stimulus
GO0:0009987 | 0.00195969 i 10 | 10997 |cellular process
G0:0006839 | 0.03110805 1 71 |mitochondrial transport

8 G0:0031224 | 5.52E-12 9 793 lintrinsic to membrane
(12) G0:0044425 3.24E-10 9 1250 imembrane part
G0:0016020 | 1.24E-06 10 | 4495 {membrane
cC G0:0016602 | 0.0065446 1 13 {CCAAT-binding factor complex
G0:0005623 | 0.00925107 { 11 {14237 icell
G0:0044464 |{0.00925107 { 11 | 14237 icell part
G0:0005667 | 0.01603976 1 32 transcription factor complex
G0:0004888 | 8.25E-19 9 159 {transmembrane receptor activity
G0:0004872 | 5.15E-18 9 194 ireceptor activity
G0:0004871 | 2.05E-15 9 374 isignal transducer activity
G0:0060089 | 2.05E-15 9 374 Imolecular transducer activity
G0:0005524 | 5.68E-07 7 1426 {ATP binding
G0:0032559 | 5.85E-07 7 1432 {adenyl ribonucleotide binding
MF G0:0030554 | 5.85E-07 7 1432 {adenyl nucleotide binding
GO0:0035639 | 1.52E-06 7 1648 |purine ribonucleoside triphosphate binding
G0:0032553 | 1.55E-06 7 1654 |ribonucleotide binding
G0:0032555 | 1.55E-06 7 1654 |purine ribonucleotide binding
G0:0017076 | 1.58E-06 7 1658 |purine nucleotide binding
G0:0000166 | 9.24E-06 7 2156 {nucleotide binding
G0:0005488 {0.01749678 { 8 9121 |binding
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Class  Ontology GOMFID Pvalue Count  Size Term
G0:0019953 | 2.46E-13 6 83 isexual reproduction
BP G0:0000003 | 1.34E-06 6 1096 {reproduction
G0:0042147 | 0.00282474 1 7 iretrograde transport, endosome to Golgi
G0:0016197 | 0.006446 1 16 {endosome transport
G0:0005576 | 5.02E-09 6 437 iextracellular region
CcC G0:0005788 | 0.00412352 1 10 iendoplasmic reticulum lumen
GO0:0044432 |0.02854877 1 70 iendoplasmic reticulum part
9 G0:0016298 | 2.58E-12 6 141 |lipase activity
(10) G0:0008415 | 1.03E-11 6 177 acyltransferase_ a'ctivity _
GO0016747 | 6.67E-11 6 on1 transferase ac't|VIty, transferring acyl groups
other than amino-acyl groups
ME G0:0016746 | 1.27E-10 6 268 itransferase activity, transferring acyl groups
GO0:0004091 | 5.39E-10 6 341 icarboxylesterase activity
G0:0016788 | 2.99E-07 6 984 hydrolase activity, acting on ester bonds
G0:0016787 | 9.13E-06 7 2911 ihydrolase activity
G0:0016740 |0.00011912 6 2753 |transferase activity
G0:0003824 {0.00791253 { 7 8170 |catalytic activity
BP G0:0006508 |0.00403643 | 2 654 iproteolysis
10 G0:0008234 | 0.00011313 2 108 icysteine-type peptidase activity
) ME GO:0070011 | 0.00239104 | 2 500 pept!dase activity, acting on L-amino acid
peptides
G0:0008233 | 0.00266253 2 528 ipeptidase activity
GO0:0006268 | 0.00507941 1 9 IDNA unwinding involved in replication
G0:0006270 | 0.00676721 1 12 IDNA-dependent DNA replication initiation
G0:0032392 | 0.00732922 1 13 |DNA geometric change
G0:0032508 | 0.00732922 1 13 {DNA duplex unwinding
BP G0:0022904 {0.01906344 { 1 34 irespiratory electron transport chain
G0:0006261 | 0.029569 1 53 |DNA-dependent DNA replication
G0:0008283 | 0.03997001 1 72 icell proliferation
11 G0:0022900 | 0.04594423 1 83 ielectron transport chain
(22) G0:0071103 | 0.04918833 1 89 |DNA conformation change
G0:0000790 | 0.01023406 1 16 inuclear chromatin
cc G0:0044454 10.01847754 1 1 29 inuclear chromosome part
G0:0000228 | 0.02288988 1 36 inuclear chromosome
G0:0000785 | 0.03415147 1 54 ichromatin
G0:0042623 {0.01375334: 2 320 |ATPase activity, coupled
MF G0:0008094 | 0.01855815 1 33 |DNA-dependent ATPase activity
G0:0016887 | 0.02398688 | 2 430 |ATPase activity
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Class  Ontology GOMFID Pvalue Count  Size Term

G0:0009190 | 0.00040394 1 2 icyclic nucleotide biosynthetic process

G0:0009187 | 0.00040394 1 2 icyclic nucleotide metabolic process

G0:0046058 | 0.00040394 1 2 {cAMP metabolic process

GO0:0006171 | 0.00040394 1 2 {CAMP biosynthetic process

G0:0009124 | 0.00322789 1 16 inucleoside monophosphate biosynthetic process

G0:0009123 | 0.00342935 1 17 inucleoside monophosphate metabolic process

G0:0006164 | 0.0194414 1 97 Ipurine nucleotide biosynthetic process

GO0:0072522 | 0.02162687 1 108 |purine-containing compound biosynthetic process

BP G0:0009165 | 0.02499673 1 125 inucleotide biosynthetic process
GO:0034404 | 0.02835731 1 142 ngcleobasg, nucleoside and nucleotide
12 biosynthetic process. _ _
(15) GO:0034654 | 0.02835731 1 142 nu.cleo'base, nU(;IeOSIde, nucleotide and nucleic

acid biosynthetic process

G0:0006163 | 0.02875206 1 144 ipurine nucleotide metabolic process

GO0:0072521 | 0.03465796 1 174 ipurine-containing compound metabolic process

G0:0009117 | 0.04482678 1 226 Inucleotide metabolic process

G0:0006753 | 0.04482678 1 226 inucleoside phosphate metabolic process

G0:0004016 | 0.00060753 1 3 ladenylate cyclase activity

G0:0016849 | 0.00080998 1 4 iphosphorus-oxygen lyase activity

ME G0:0009975 | 0.00303471 1 15 icyclase activity

GO:0046912 | 0.00343879 1 17 transferase act|V|t¥, transferring acyl groups, acyl
groups converted into alkyl on transfer

G0:0019825 | 0.04592383 1 231 {oxygen binding
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Class  Ontology GOMFID Pvalue Count  Size Term

G0:0006412 | 7.53E-06 4 1298 |translation
G0:0044267 | 0.00039227 4 3485 |cellular protein metabolic process
G0:0010467 | 0.00040967 4 3523 {gene expression
G0:0042254 {0.00043716 2 213 iribosome biogenesis
G0:0022613 | 0.0004705 2 221 |ribonucleoprotein complex biogenesis
GO0:0034645 | 0.00050116 4 3705 |cellular macromolecule biosynthetic process
G0:0009059 | 0.00050768 4 3717 imacromolecule biosynthetic process
G0:0019538 | 0.00059971 4 3875 |protein metabolic process
GO0:0071843 | 0.0009166 2 309 |cellular component biogenesis at cellular level
G0:0044249 | 0.0014758 4 4853 |cellular biosynthetic process

BP G0:0009058 | 0.00169109 4 5021 |biosynthetic process
G0:0044085 {0.00300546 | 2 563 |cellular component biogenesis
G0:0044260 | 0.00347207 4 6010 |cellular macromolecule metabolic process
GO0:0043170 | 0.00485408 4 6535 [macromolecule metabolic process
G0:0044237 | 0.01157819 4 8121 |cellular metabolic process
GO0071841 | 0.01174641 2 1130 cellular component organization or biogenesis at

cellular level
G0:0044238 |0.01231379 4 8247 |primary metabolic process
GO0:0071840 | 0.02122406 2 1536 |cellular component organization or biogenesis
G0:0008152 | 0.02807955 4 10134 imetabolic process
G0:0009987 | 0.0389389 4 10997 icellular process
13 G0:0022626 | 3.86E-08 4 307 |cytosolic ribosome
4) G0:0044445 | 5.17E-08 4 330 |cytosolic part

G0:0005840 | 2.07E-07 4 466 |ribosome
G0:0030529 | 6.41E-07 4 618 iribonucleoprotein complex
G0:0005829 | 1.72E-06 4 790 |cytosol
G0:0043228 | 3.95E-06 4 973 |non-membrane-bounded organelle
G0:0043232 | 3.95E-06 4 973 lintracellular non-membrane-bounded organelle
G0:0032991 | 3.95E-05 4 1729 [macromolecular complex
G0:0022627 |0.00013713 2 105 cytosolic small ribosomal subunit
G0:0022625 {0.00018824 { 2 123 icytosolic large ribosomal subunit

cC GO0:0044446 |0.00023598 4 2702 iintracellular organelle part
G0:0044422 10.00023668 ; 4 2704 |organelle part
G0:0015935 | 0.00023694 2 138 small ribosomal subunit
GO0:0015934 | 0.0003851 2 176 |large ribosomal subunit
G0:0044444 | 0.00521611 4 5857 icytoplasmic part
GO0:0005737 {0.00694754 i 4 6292 |cytoplasm
G0:0043229 |0.01448215 4 7560 tintracellular organelle
G0:0043226 | 0.01451283 4 7564 {organelle
G0:0044424 | 0.02233886 4 8425 |intracellular part
G0:0005622 | 0.02562468 4 8719 intracellular
G0:0005886 | 0.03721225 2 1817 |plasma membrane

ME G0:0003735 | 6.59E-08 4 397 |structural constituent of ribosome
G0:0005198 | 2.13E-07 4 532 |structural molecule activity
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G0:0046365 | 0.0001612 2 82 imonosaccharide catabolic process
GO0:0046164 | 0.00018994 2 89 ialcohol catabolic process
G0:0005998 | 0.00024239 1 1 ixylulose catabolic process
G0:0005997 | 0.00048472 1 2 ixylulose metabolic process
GO0:0005996 | 0.00051026 2 146 monosaccharide metabolic process
G0:0044275 | 0.00056743 2 154 icellular carbohydrate catabolic process
G0:0016052 | 0.00062757 2 162 icarbohydrate catabolic process
G0:0019323 | 0.00121144 1 5 |pentose catabolic process
G0:0044282 | 0.00135732 2 239 ismall molecule catabolic process
G0:0006066 | 0.00160322 2 260 lalcohol metabolic process
G0:0006098 | 0.00604496 1 25  |pentose-phosphate shunt
G0:0006740 | 0.00628612 1 26 INADPH regeneration
G0:0044262 | 0.00629345 2 522 icellular carbohydrate metabolic process
GO0:0006739 | 0.00700932 1 29 INADP metabolic process
G0:0019321 | 0.00821367 1 34  |pentose metabolic process

14 BP G0:0046496 | 0.0084544 1 35 inicotinamide nucleotide metabolic process
(6) GO0:0072524 |0.00941681 1 39 ipyridine-containing compound metabolic process
G0:0019362 | 0.00941681 1 39 |pyridine nucleotide metabolic process
G0:0006733 | 0.0113393 1 47 loxidoreduction coenzyme metabolic process
G0:0007018 | 0.01157939 1 48 imicrotubule-based movement
G0:0009056 | 0.01438482 2 801 |catabolic process
G0:0006855 | 0.01493559 1 62 idrug transmembrane transport
G0:0015893 | 0.01541427 1 64 idrug transport
G0:0042493 | 0.01565354 1 65 iresponse to drug
GO0:0005975 |0.01736428 2 884 icarbohydrate metabolic process
G0:0006007 | 0.01852097 1 77 iglucose catabolic process
G0:0019320 | 0.01875961 1 78 thexose catabolic process
G0:0006006 |0.01971368 1 82 iglucose metabolic process
G0:0007017 | 0.02637054 1 110 imicrotubule-based process
G0:0019318 | 0.02684459 1 112 thexose metabolic process
GO0:0006732 | 0.03487397 1 146 coenzyme metabolic process
G0:0044281 | 0.03896937 2 1359 i{small molecule metabolic process
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GO0:0009507 {0.00022702{ 5 2913 |chloroplast
G0:0009536 | 0.00026077 i 5 2997 |plastid
GO0:0005622 {0.00410023: 6 8719 |intracellular
G0:0009941 | 0.00580837 2 441 |chloroplast envelope
G0:0009526 | 0.00643943 2 465 |plastid envelope
G0:0044444 | 0.00652593 5 5857 |cytoplasmic part
G0:0005737 {0.00913795¢{ 5 6292 |cytoplasm
G0:0031967 | 0.01549117 2 733 |organelle envelope

cc G0:0031975 {0.01549117; 2 733 ienvelope
G0:0043231 §0.01747836: 5 7233 |intracellular membrane-bounded organelle
GO0:0043227 |0.01751187 5 7236 {membrane-bounded organelle
G0:0010287 | 0.01830968 1 67 _iplastoglobule
14 G0:0043229 | 0.02142739 5 7560 fintracellular organelle
©6) G0:0043226 {0.02147953 ¢ 5 7564 |organelle
G0:0031977 | 0.02345082 1 86 _ithylakoid lumen
G0:0044434 | 0.02604332 2 964 |chloroplast part
G0:0044435 10.02890258 i 2 1019 |plastid part
G0:0044424 | 0.03512144 5 8425 fintracellular part
G0:0004856 | 0.00048606 1 2 ixylulokinase activity
G0:0004332 {0.00170034 { 1 7 {fructose-bisphosphate aldolase activity
G0:0016832 | 0.00460959 1 19 laldehyde-lyase activity
G0:0019200 | 0.00944265 1 39 |carbohydrate kinase activity
ME G0:0015238 | 0.01569638 1 65 |drug transmembrane transporter activity

GO0:0003777 | 0.01593625 1 66 Imicrotubule motor activity
G0:0003774 | 0.02072341 1 86 |motor activity
G0:0016830 | 0.02549116 1 106 (carbon-carbon lyase activity
G0:0008270 | 0.03459259 2 1271 }zinc ion binding
G0:0015297 | 0.03496863 1 146 |antiporter activity
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G0:0009409 |{0.00072178 i 2 274 iresponse to cold
G0:0009266 | 0.00155233 2 403 iresponse to temperature stimulus
BP GO0:0010043 | 0.00628751 1 39 Iresponse to zinc ion
G0:0009628 {0.01778957 i 2 1401 {response to abiotic stimulus
15 G0:0006950 | 0.04056542 2 2161 response to stress
(4) GO0:0005507 | 0.00046882 2 220 icopper ion binding
G0:0046914 | 0.03192501 2 1898 itransition metal ion binding
MF GO0:0046872 {0.04416371: 2 2255 {metal ion binding
G0:0043169 {0.04915333; 2 2388 |cation bhinding
G0:0043167 | 0.0491917 2 2389 {ion binding
GO:0006511 | 4.04E-06 3 250 iubiquitin-dependent protein catabolic process
G0:0019941 | 4.09E-06 3 251 imodification-dependent protein catabolic process
GO:0043632 | 4.09E-06 3 251 modification-dependent macromolecule catabolic
process
GO0051603 | 4.29E-06 3 255 proteolysis involved in cellular protein catabolic
process
GO0:0044257 | A4.71E-06 3 263 icellular protein catabolic process
G0:0030163 | 5.44E-06 3 276 iprotein catabolic process
G0:0044265 | 6.12E-06 3 287 icellular macromolecule catabolic process
G0:0009057 | 9.38E-06 3 331 imacromolecule catabolic process
BP G0:0044248 | 5.73E-05 3 606 [cellular catabolic process
G0:0006508 | 7.20E-05 3 654 iproteolysis
G0:0009056 | 0.00013177 3 801 catabolic process
G0:0007346 | 0.00258309 1 16 iregulation of mitotic cell cycle
G0:0000278 | 0.00805554 1 50 mitotic cell cycle
16 G0:0044267 | 0.00997668 3 3485 |cellular protein metabolic process
4) G0:0019538 | 0.01353488 3 3875 iprotein metabolic process
G0:0051726 |0.01877355 1 117 iregulation of cell cycle
G0:0009987 | 0.0389389 4 10997 icellular process
GO0:0007049 | 0.04198467 1 264 icell cycle
G0:0044260 | 0.04680844 3 6010 icellular macromolecule metabolic process
G0:0019005 | 9.41E-09 3 30 ISCF ubiquitin ligase complex
G0:0031461 | 1.46E-06 3 157 icullin-RING ubiquitin ligase complex
cC GO0:0000151 | 3.92E-06 3 218 ubiquitin ligase complex
G0:0043234 10.00049388 { 3 1100 {protein complex
G0:0032991 | 0.00187662 3 1729 macromolecular complex
G0:0004842 | 1.40E-08 4 270 jubiquitin-protein ligase activity
G0:0019787 | 1.55E-08 4 277 ismall conjugating protein ligase activity
ME G0:0016881 | 2.08E-08 4 298 lacid-amino acid ligase activity
G0:0016879 | 3.62E-08 4 342 iligase activity, forming carbon-nitrogen bonds
G0:0016874 | 1.15E-07 4 456 |ligase activity
G0:0003824 {0.01199146: 4 8170 |catalytic activity
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G0:0031930 | 0.00226048 1 4 imitochondria-nucleus signaling pathway
G0:0009409 {0.01017539 2 274 iresponse to cold
BP G0:0042752 | 0.01125503 1 20 regulation of circadian rhythm
GO0:0009266 | 0.02114107 2 403 iresponse to temperature stimulus
G0:0048511 | 0.03615016 1 65 irhythmic process
GO0:0007623 | 0.03615016 1 65 |circadian rhythm
G0:0005763 | 0.00412352 1 9 Imitochondrial small ribosomal subunit
G0:0000418 | 0.00549462 1 12 {DNA-directed RNA polymerase IV complex
G0:0005761 | 0.00732011 1 16 _imitochondrial ribosome
G0:0005665 {0.00777601 1 17 DNA-directed RNA polymerase 1l, core complex
G0:0005739 {0.01103973 3 1074 {mitochondrion
G0:0000428 | 0.01232467 1 27 _\DNA-directed RNA polymerase complex
G0:0055029 | 0.01232467 1 27 inuclear DNA-directed RNA polymerase complex
cc G0:0030880 |0.01232467 1 27 {RNA polymerase complex
G0:0000314 | 0.0127785 1 28 _iorganellar small ribosomal subunit
G0:0016591 |0.01413888 1 31 |DNA-directed RNA polymerase Il, holoenzyme
G0:0070013 {0.01999656 : 2 488 tintracellular organelle lumen
17 G0:0043233 | 0.02007376 2 489 iorganelle lumen
(16) G0:0031974 | 0.02053967 2 495 m(_ambrane-(_enclose(_j lumen
G0:0005759 | 0.02136574 1 47 imitochondrial matrix
GO0:0000313 | 0.02630651 1 58 iorganellar ribosome
G0:0032991 | 0.03920508 3 1729 macromolecular complex
G0:0009916 | 4.47E-06 2 6 lalternative oxidase activity
GO:0016682 | 0.00011195 2 28 oxidoreductase activity, acting on diphenols and
related substances as donors, oxygen as acceptor
GO:0016679 | 0.00019667 2 37 oxidoreductase activity, acting on diphenols and
related substances as donors
G0:0016165 | 0.00452863 1 8 ilipoxygenase activity
oxidoreductase activity, acting on single donors
MF G0:0016702 | 0.01576702 1 28 with incorporation of molecular oxygen,
incorporation of two atoms of oxygen
G0:0051213 | 0.01688436 1 30 idioxygenase activity
GO:0016701 | 0.02078576 1 37 ox_ido_reductase_activity, acting on single donors
with incorporation of molecular oxygen
G0:0003899 | 0.03569977 1 64 DNA-directed RNA polymerase activity
G0:0034062 | 0.03898522 1 70 |RNA polymerase activity
G0:0016491 | 0.04533059 3 1451 ioxidoreductase activity
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BP G0:0055114 | 7.54E-14 9 866 |oxidation-reduction process
G0:0008152 | 0.00032234 9 10134 imetabolic process
cC G0:0012505 {0.00048652 i 5 3407 {endomembrane system
G0:0019825 | 4.70E-19 9 231 |oxygen binding
G0:0020037 | 3.53E-18 9 288 {heme binding
G0:0004497 | 5.62E-18 9 303 |monooxygenase activity
G0:0046906 | 9.51E-18 9 321 |tetrapyrrole binding
18 G0:0005506 | 2.20E-17 9 352 iiron ion binding
9) GO0:0009055 | 4.31E-17 9 379 |electron carrier activity
MF G0:0016491 | 8.18E-12 9 1451 |oxidoreductase activity
G0:0046914 | 9.23E-11 9 1898 |transition metal ion binding
G0:0046872 | 4.36E-10 9 2255 {metal ion binding
G0:0043169 | 7.32E-10 9 2388 |cation binding
G0:0043167 | 7.34E-10 9 2389 ion hinding
G0:0003824 | 4.75E-05 9 8170 |catalytic activity
G0:0005488 {0.00012801 ¢ 9 9121 |binding
G0:0010584 | 0.00306686 1 19 ipollen exine formation
G0:0010208 | 0.00371162 1 23 ipollen wall assembly
GO:0010927 | 0.00371162 1 23 cellular compgnent assembly involved in
morphogenesis
G0:0045229 |0.01717939 1 107 iexternal encapsulating structure organization
19 Bp GO:0048646 | 0.01813612 1 113 anatomical str.ucture formation involved in
(5) morphogenesis
G0:0009555 | 0.02893031 1 181 ipollen development
G0:0048229 | 0.04073218 1 256 igametophyte development
G0:0071844 | 0.04151513 1 261 |cellular component assembly at cellular level
G0:0022607 | 0.0438611 1 276 |cellular component assembly
G0:0032989 | 0.04526661 1 285 cellular component morphogenesis
G0:0051225 | 0.00048471 1 4 ispindle assembly
G0:0007051 | 0.00072701 1 6 ispindle organization
G0:0070925 | 0.00084814 1 7 iorganelle assembly
G0:0000226 | 0.00556473 1 46 imicrotubule cytoskeleton organization
G0:0000279 | 0.01026645 1 85 |M phase
BP G0:0022403 |0.01219106 1 101 [cell cycle phase
G0:0007017 | 0.01327256 1 110 imicrotubule-based process
GO0:0007010 | 0.01543319 1 128 icytoskeleton organization
21 G0:0022402 | 0.01890756 1 157 icell cycle process
) G0:0071844 | 0.03130016 1 261 |cellular component assembly at cellular level
G0:0007049 | 0.03165608 1 264 |cell cycle
G0:0022607 | 0.0330789 1 276 |cellular component assembly
G0:0005876 | 0.00183453 1 5 ispindle microtubule
G0:0005874 | 0.01241682 1 34 Imicrotubule
cc G0:0005819 |0.01241682 1 34 |spindle
GO0:0015630 | 0.02721044 1 75 imicrotubule cytoskeleton
G0:0044430 | 0.04039397 1 112 icytoskeletal part
ME G0:0003777 |0.02119254 1 66 |microtubule motor activity
G0:0003774 | 0.02753644 1 86 imotor activity
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G0:0006869 | 6.90E-12 5 147 ilipid transport
G0:0010876 | 1.24E-11 5 165 {lipid localization
G0:0071702 | 1.43E-10 5 268 |organic substance transport
G0:0033036 | 8.03E-09 5 597 imacromolecule localization
G0:0050832 | 1.37E-06 3 129 idefense response to fungus
G0:0006810 | 1.84E-06 5 1766 |transport
G0:0051234 | 1.88E-06 5 1774 |establishment of localization
G0:0051179 | 2.28E-06 5 1843 |localization
BP G0:0009620 | 3.09E-06 3 169 |response to fungus
22 G0:0051707 |0.00012418 3 581 |response to other organism
(5) G0:0009607 | 0.00015422 3 625 |response to biotic stimulus
G0:0051704 | 0.0002916 3 775 imulti-organism process
G0:0006952 | 0.00030401 3 786 |defense response
G0:0006950 | 0.00580601 3 2161 (response to stress
G0:0009627 | 0.00785336 1 39 isystemic acquired resistance
G0:0009814 | 0.02361027 1 118 idefense response, incompatible interaction
G0:0050896 | 0.04192389 3 4388 {response to stimulus
CcC GO0:0012505 | 0.00381964 3 3407 {endomembrane system
ME G0:0008289 | 6.58E-11 5 229 |lipid binding
G0:0005488 | 0.00688111 5 9121 |hinding
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G0:0016104 | 7.74E-06 2 12 itriterpenoid biosynthetic process
G0:0006722 | 1.07E-05 2 14 itriterpenoid metabolic process
G0:0055114 | 0.00016283 4 866 ioxidation-reduction process
G0:0010685 | 0.00036358 1 1 itetracyclic triterpenoid metabolic process
G0:0010686 | 0.00036358 1 1 itetracyclic triterpenoid biosynthetic process
G0:0016114 | 0.0003659 2 80 iterpenoid biosynthetic process
G0:0006721 | 0.00060561 2 103 iterpenoid metabolic process
G0:0010263 | 0.00072704 1 2 itricyclic triterpenoid biosynthetic process
BP G0:0008299 | 0.000807 2 119 lisoprenoid biosynthetic process
GO0:0006720 |0.00116172 2 143 lisoprenoid metabolic process
G0:0010683 | 0.00145361 1 4 itricyclic triterpenoid metabolic process
G0:0019742 | 0.00363049 1 10 {pentacyclic triterpenoid metabolic process
GO0:0019745 | 0.00363049 1 10 |pentacyclic triterpenoid biosynthetic process
G0:0008610 | 0.00783883 2 379 lipid biosynthetic process
G0:0019748 | 0.00874014 2 401 isecondary metabolic process
GO0:0044255 |0.01185549 2 470 |cellular lipid metabolic process
G0:0006629 |0.02851173 2 748 ilipid metabolic process
G0:0000159 | 0.00480944 1 15 iprotein phosphatase type 2A complex
cC G0:0008287 | 0.01309886 1 41 protein serine/threonine phosphatase complex
G0:0012505 | 0.01403055 4 3407 {endomembrane system
G0:0019825 | 1.50E-06 4 231 oxygen binding
G0:0020037 | 3.61E-06 4 288 heme binding
23 G0:0004497 | 4.41E-06 4 303 Imonooxygenase activity
(10) G0:0046906 | 5.54E-06 4 321 itetrapyrrole binding
GO:0005506 | 7.98E-06 4 352 iiron ion binding
GO0:0009055 | 1.07E-05 4 379 ielectron carrier activity
G0:0031559 | 1.15E-05 2 13 loxidosqualene cyclase activity
G0:0016866 | 0.0002412 2 58 iintramolecular transferase activity
G0:0080011 | 0.00040509 1 1 ibaruol synthase activity
G0:0034075 | 0.00040509 1 1 larabidiol synthase activity
G0:0016491 |0.00187447 4 1451 ioxidoreductase activity
G0:0003824 | 0.00322806 8 8170 |catalytic activity
ME G0:0016853 | 0.00357759 2 226 lisomerase acti\{it_y _
GO:0016747 | 0.0040562 2 a1 transferase ac_t|V|ty, transferring acyl groups
other than amino-acyl groups
G0:0016746 | 0.00498886 2 268 itransferase activity, transferring acyl groups
G0:0046914 | 0.00501667 4 1898 itransition metal ion binding
G0:0008601 | 0.00646371 1 16 |protein phosphatase type 2A regulator activity
G0:0019888 | 0.00726902 1 18 iprotein phosphatase regulator activity
G0:0019208 | 0.00767146 1 19 iphosphatase regulator activity
G0:0008187 | 0.00767146 1 19 ipoly-pyrimidine tract binding
G0:0008266 | 0.00767146 1 19 ipoly(U) RNA binding
GO0:0046872 |0.00929487 | 4 2255 {metal ion binding
G0:0043169 {0.01137476{ 4 2388 |cation binding
G0:0043167 {0.01139148: 4 2389 ion binding
G0:0003727 | 0.01208858 1 30 Isingle-stranded RNA binding
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G0:0009814 | 6.74E-05 2 118 idefense response, incompatible interaction
G0:0045087 | 0.00042988 2 298 |innate immune response
G0:0006955 | 0.00044147 2 302 {immune response
G0:0002376 | 0.00049551 2 320 |{immune system process
GO:0009862 | 0.00145366 1 12 syst(_emic a_cquir_ed resistance, salicylic acid
mediated signaling pathway
GO0:0051707 |0.00162415 2 581 |response to other organism
G0:0009607 {0.00187743{ 2 625 iresponse to biotic stimulus
G0:0051704 | 0.00287576 2 775 |multi-organism process
GO0:0006952 | 0.00295714 2 786 |defense response
GO:0009816 | 0.00326876 1 97 glefense_ response to bacterium, incompatible
interaction
BP G0:0009863 | 0.00363152 1 30 |salicylic acid mediated signaling pathway
G0:0071446 | 0.00363152 1 30 |cellular response to salicylic acid stimulus
GO0:0009627 | 0.00471926 1 39 isystemic acquired resistance
24 GO:0009817 | 0.00496087 1 a1 glefense_ response to fungus, incompatible
@ interaction
GO0:0050832 |0.01555313 1 129 |defense response to fungus
G0:0009751 | 0.0173511 1 144 iresponse to salicylic acid stimulus
G0:0009620 | 0.02034284 1 169 iresponse to fungus
GO:0006950 {0.02152475: 2 2161 |response to stress
G0:0042742 | 0.02499783 1 208 |defense response to bacterium
G0:0009617 |0.03201192 1 267 |response to bacterium
G0:0009733 | 0.03426351 1 286 iresponse to auxin stimulus
G0:0071310 | 0.04676098 1 392 |cellular response to organic substance
G0:0042598 | 0.00266006 1 29 |vesicular fraction
G0:0005792 | 0.00266006 1 29 Imicrosome
CcC G0:0005624 | 0.00311833 1 34 membrane fraction
G0:0005626 | 0.00311833 1 34 linsoluble fraction
G0:0000267 | 0.0035765 1 39 |cell fraction
G0:0030275 {0.00024304 { 1 2 {LRR domain binding
MF G0:0019904 | 0.00048605 1 4 iprotein domain specific binding
G0:0005515 | 0.00835267 ; 2 1327 |protein binding
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G0:0042391 | 0.00040398 1 1 |regulation of membrane potential
G0:0009911 | 0.01405204 1 35 |positive regulation of flower development
G0:2000243 | 0.01405204 1 35 ipositive regulation of reproductive process
GO:0048582 | 0.01803414 1 45 positive regulation of post-embryonic
development
G0:0051094 | 0.02081299 1 52 ipositive regulation of developmental process
BP G0:0006873 | 0.03107256 1 78 |cellular ion homeostasis

G0:0055082 | 0.03342638 1 84 |cellular chemical homeostasis
G0:0009845 | 0.03538395 1 89 |seed germination
G0:0090351 | 0.03733796 1 94 |seedling development
G0:0050801 | 0.03928841 1 99 lion homeostasis
G0:0009909 | 0.04395497 1 111 iregulation of flower development
G0:0006355 | 0.04700605 2 880 |regulation of transcription, DNA-dependent
GO0:0051252 |0.04797738 2 890 |regulation of RNA metabolic process
G0:0005242 | 0.00327696 1 9 linward rectifier potassium channel activity
GO0:0005249 | 0.0079935 1 22 ivoltage-gated potassium channel activity

25 G0:0022843 | 0.00835549 1 23 ivoltage-gated cation channel activity

(13) G0:0005267 | 0.00871736 1 24 |potassium channel activity
GO0:0030570 | 0.00944074 1 26 ipectate lyase activity
GO:0016837 | 0.00944074 1 26 carbon-oxygen lyase activity, acting on

polysaccharides
G0:0015276 | 0.01052495 1 29 lligand-gated ion channel activity
G0:0030551 |0.01052495 1 29 icyclic nucleotide binding
G0:0022834 | 0.01052495 1 29 ligand-gated channel activity
MF G0:0005261 | 0.01196891 1 33 |cation channel activity

G0:0005244 | 0.01377123 1 38 |voltage-gated ion channel activity
G0:0022832 |0.01377123 1 38 ivoltage-gated channel activity
G0:0022836 | 0.02166676 1 60 |gated channel activity
G0:0004190 | 0.0287957 1 80 |aspartic-type endopeptidase activity
GO0:0070001 | 0.0287957 1 80 |aspartic-type peptidase activity
G0:0005216 | 0.03057071 1 85 |ion channel activity
G0:0022838 | 0.04361638 1 122 isubstrate-specific channel activity
G0:0015267 | 0.04396679 1 123 ichannel activity
G0:0022803 | 0.04396679 1 123 ipassive transmembrane transporter activity
G0:0016835 | 0.04431708 1 124 {carbon-oxygen lyase activity
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Class Ontology GOMFID Pvalue Count Size Term

G0:0006468 | 1.93E-12 11 927 iprotein phosphorylation
G0:0016310 | 3.45E-12 11 978 |phosphorylation
G0O:0006796 | 8.50E-12 11 1063 |phosphate metabolic process
G0:0006793 | 8.58E-12 11 1064 |phosphorus metabolic process
G0:0006464 | 1.50E-09 11 1722 |protein modification process
G0:0043412 | 4.04E-09 11 1891 jmacromolecule modification
G0:0042742 | 2.28E-07 5 208 |defense response to bacterium
G0:0009617 | 7.83E-07 5 267 |response to bacterium
G0:0044267 | 2.31E-06 11 3485 |cellular protein metabolic process
G0:0019538 | 6.71E-06 11 3875 |protein metabolic process
G0:0006952 | 9.22E-06 6 786 |defense response
G0:0051707 | 3.43E-05 5 581 iresponse to other organism
G0:0009607 | 4.86E-05 5 625 |response to biotic stimulus
G0:0009751 §0.00012349 3 144 iresponse to salicylic acid stimulus
GO0:0051704 {0.00013429 5 775 imulti-organism process
G0:0012501 ;0.00047059 i 3 227 iprogrammed cell death
G0:0044260 {0.00047421 ¢ 11 6010 |cellular macromolecule metabolic process
BP GO0:0016265 : 0.0007626 3 268 ideath
G0:0008219 : 0.0007626 3 268 |cell death
G0:0043170 §0.00102647 i 11 6535 {macromolecule metabolic process
G0:0010033 |0.00109732 5 1223 |response to organic substance
G0:0009987 {0.00159658 i 14 110997 |cellular process
G0:0042221 {0.00172255 6 2037 {response to chemical stimulus
G0:0006950 |0.00233683 6 2161 [response to stress
G0:0044237 :0.00698244 i 11 8121 |cellular metabolic process
G0:0044238 {0.00795381 ; 11 8247 |primary metabolic process
G0:0002237 {0.00821185 1 12 iresponse to molecule of bacterial origin
26 GO0:0046777 |0.01500654 1 22 iprotein autophosphorylation
(22) G0:0045087 | 0.0174363 2 298 linnate immune response
G0:0006955 {0.01787959 2 302 {immune response
G0:0009816 | 0.01838743 1 27 idefense response to bacterium, incompatible interaction
G0:0002376 |0.01993367 2 320 |immune system process
G0:0050896 |0.02031189 7 4388 iresponse to stimulus
G0:0009626 i 0.02846469 1 42 iplant-type hypersensitive response
GO0:0034050 :0.02913303 1 43 thost programmed cell death induced by symbiont
G0:0008152 §0.04146591: 11 |10134 metabolic process
GO0:0005623 {0.01509692 | 14 {14237 |cell
cc G0:0044464 :0.01509692 i 14 {14237 cell part
G0:0012505 |0.02037709 6 3407 {endomembrane system
G0:0005886 §0.03121113 4 1817 |plasma membrane
G0:0016301 | 2.66E-22 17 1336 |kinase activity
GO0016772 | 2.956-21 17 1538 transf_er_ase activity, transferring phosphorus-
containing groups
G0:0016740 | 6.11E-17 17 2753 |transferase activity
G0:0003824 | 6.78E-09 17 8170 |catalytic activity
G0:0004672 | 4.66E-08 8 881 |protein kinase activity
G0:0016773 1.56E-07 8 1031 {phosphotransferase activity, alcohol group as acceptor
ME G0:0004674 | 4.05E-06 6 679 |protein serine/threonine Kinase activity
G0:0005524 | 0.00026182 6 1426 |ATP binding
GO0:0032559 {0.00026788 6 1432 iadenyl ribonucleotide binding
G0:0030554 | 0.00026788 6 1432 iadenyl nucleotide binding
G0:0035639 | 0.00057181 6 1648 purine ribonucleoside triphosphate binding
GO0:0032553 i 0.00058303 6 1654 iribonucleotide binding
GO0:0032555 {0.00058303 6 1654 |purine ribonucleotide binding
G0:0017076 {0.00059061 : 6 1658 {purine nucleotide binding
(G0:0000166 |0.00234202 6 2156 {nucleotide binding
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Class  Ontology GOMFID Pvalue Count  Size Term
G0:0006869 | 5.94E-09 4 147 ilipid transport
G0:0010876 | 9.47E-09 4 165 {lipid localization
G0:0071702 | 6.66E-08 4 268 lorganic substance transport
BP G0:0033036 | 1.64E-06 4 597 imacromolecule localization
GO0:0006810 {0.00012176 4 1766 |transport
G0:0051234 | 0.00012395 4 1774 |establishment of localization
27 G0:0051179 {0.00014407 : 4 1843 !localization
(6) G0:0006413 | 0.01485917 1 74 itranslational initiation
CcC GO0:0012505 | 0.00059678 4 3407 endomembrane system
G0:0045735 | 1.37E-10 4 58 inutrient reservoir activity
G0:0008289 | 3.58E-08 4 229 lipid binding
MF G0:0005488 | 0.00688111 5 9121 |binding
G0:0003743 | 0.01789834 1 89 itranslation initiation factor activity
G0:0008135 | 0.02684999 1 134 itranslation factor activity, nucleic acid binding
G0:0019915 | 1.22E-17 6 18 lipid storage
G0:0019953 | 2.46E-13 6 83 isexual reproduction
G0:0010876 | 1.64E-11 6 165 |lipid localization
G0:0033036 | 3.71E-08 6 597 imacromolecule localization
GO:0000003 | 1.34E-06 6 1096 ireproduction
G0:0051179 | 2.73E-05 6 1843 {localization
BP G0:0009859 | 0.00040398 1 1 ipollen hydration
G0:0006833 | 0.00403315 1 10 iwater transport
G0:0042044 | 0.00403315 1 10 ifluid transport
G0:0006979 | 0.00532872 2 278 iresponse to oxidative stress
G0:0009875 | 0.01564662 1 39 |pollen-pistil interaction
G0:0042221 | 0.0430429 3 2037 iresponse to chemical stimulus
G0:0051726 | 0.0462806 1 117 iregulation of cell cycle
GO0:0005576 | 7.36E-07 5 437 iextracellular region
G0:0016020 | 0.00104925 7 4495 imembrane
G0:0012511 | 0.00595127 1 13 imonolayer-surrounded lipid storage body
CcC G0:0005811 | 0.00640774 1 14 llipid particle
28 G0:0031012 | 0.00777601 1 17 iextracellular matrix
(10) G0:0044421 | 0.01368561 1 30 extracellular region part
G0:0005829 | 0.04870253 2 790 |cytosol
G0:0008289 | 1.22E-10 6 229 lipid binding
G0:0045735 | 5.70E-09 4 58 inutrient reservoir activity
G0:0008113 | 1.34E-05 2 14  ipeptide-methionine-(S)-S-oxide reductase activity
GO0016671 | 5.16E-05 9 97 oxidoreducterse a_ctivity, acting on a sulfur group
of donors, disulfide as acceptor
G0:0004352 | 0.00040509 1 1 iglutamate dehydrogenase activity
GO0016667 | 0.0007445 9 102 oxidoreductase activity, acting on a sulfur group
of donors
MF G0:0004353 | 0.00081003 1 2 iglutamate dehydrogenase [NAD(P)+] activity
] oxidoreductase activity, acting on the CH-NH2
GO:0016639 | 0.00161947 ! 4 group of donors, NAD or NADP as acceptor
G0:0004693 | 0.01288979 1 32 icyclin-dependent protein kinase activity
G0:0016491 | 0.01780301 3 1451 |oxidoreductase activity
G0:0050897 |0.01808342 1 45 icobalt ion binding
GO:0016638 | 0.01927845 1 48 oxidoreductase activity, acting on the CH-NH2
group of donors
G0:0005488 | 0.03531717 7 9121 |binding
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Class  Ontology GOMFID Pvalue Count  Size Term
G0:0006869 | 2.39E-05 3 147 tlipid transport
G0:0010876 | 3.37E-05 3 165 lipid localization
GO0:0071702 |0.00014235 3 268 {organic substance transport
G0:0033036 | 0.00147577 i 3 597 imacromolecule localization
G0:0009903 | 0.00242165 1 6 ichloroplast avoidance movement
G0:0051234 | 0.00388665 4 1774 |establishment of localization
G0:0009902 | 0.00403315 1 10 ichloroplast relocation
BP G0:0051667 | 0.00403315 1 10 |establishment of plastid localization
G0:0051644 | 0.00443566 1 11 iplastid localization
GO0:0051179 | 0.0044651 4 1843 |localization
30 GO0:0051656 | 0.00604423 1 15 lestablishment of organelle localization
(11) G0:0051640 | 0.0084527 1 21 iorganelle localization
G0:0009637 | 0.02041644 1 51 iresponse to blue light
GO0O:0006810 | 0.02975673 : 3 1766 |transport
G0:0009658 | 0.02989372 1 75 |chloroplast organization
GO0:0009657 |0.04511842 1 114 iplastid organization
G0:0008289 | 6.35E-05 3 229 lipid binding
G0:0004045 | 0.00291333 1 8 iaminoacyl-tRNA hydrolase activity
ME G0:0016207 | 0.00473032 1 13 i4-coumarate-CoA ligase activity
G0:0016405 | 0.00726917 1 20 [CoA-ligase activity
G0:0016878 | 0.00763139 1 21 iacid-thiol ligase activity
G0:0016877 | 0.00980226 1 27 ligase activity, forming carbon-sulfur bonds
31(8) BP G0:0006915 | 0.04165898 1 150 |apoptosis
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Class  Ontology GOMFID Pvalue Count  Size Term
GO0:0080003 | 3.96E-12 3 3 ithalianol metabolic process
G0:0010683 | 1.58E-11 3 4 tricyclic triterpenoid metabolic process
G0:0006722 | 1.44E-09 3 14 itriterpenoid metabolic process
G0:0006721 | 6.95E-07 3 103 iterpenoid metabolic process
G0:0006720 | 1.87E-06 3 143 lisoprenoid metabolic process
G0:0048364 | 1.26E-05 3 270 {root development
G0:0022622 | 1.26E-05 3 270 iroot system development
G0:0019748 | 4.12E-05 3 401 {secondary metabolic process
GO0:0044255 | 6.61E-05 3 470 |cellular lipid metabolic process
G0:0048856 | 8.29E-05 4 1602 |anatomical structure development
GO0:0007275 | 0.00017171 4 1927 imulticellular organismal development
G0:0000740 | 0.00020199 1 1 |nuclear membrane fusion
G0:0010198 | 0.00020199 1 1 isynergid death
G0:0090174 | 0.00020199 1 1 lorganelle membrane fusion
G0:0032501 | 0.0002047 4 2015 {multicellular organismal process
G0:0032502 | 0.00024397 4 2107 |developmental process
32 GO0:0006629 | 0.00026258 3 748 lipid metabolic process
©) BP G0:0048513 | 0.00033347 3 811 |organ development
G0:0048731 | 0.00033469 3 812 |system development
G0:0051084 10.00040394 : 1 2 I'de novo' posttranslational protein folding
GO:0051085 | 0.00040394 1 5 chaperone mediated protein folding requiring
cofactor
G0:0010263 | 0.00040394 1 2 itricyclic triterpenoid biosynthetic process
G0:0006458 | 0.00040394 1 2 {'de novo' protein folding
G0:0061077 10.00040394 : 1 2 ichaperone-mediated protein folding
G0:0010623 | 0.00060586 1 3 idevelopmental programmed cell death
GO0:0009558 | 0.00100961 1 5 iembryo sac cellularization
G0:0007349 | 0.00141323 1 7 icellularization
G0:0019742 | 0.00201841 1 10 |pentacyclic triterpenoid metabolic process
G0:0019745 |0.00201841 1 10 ipentacyclic triterpenoid biosynthetic process
G0:0016104 | 0.0024217 1 12 triterpenoid biosynthetic process
G0:0010197 | 0.00423489 1 21 ipolar nucleus fusion
G0:0000741 | 0.00443619 1 22 ikaryogamy
G0:0009559 | 0.00443619 1 22 lembryo sac central cell differentiation
G0:0048284 | 0.00443619 1 22 iorganelle fusion
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Class  Ontology GOMFID Pvalue Count  Size Term

GO0:0006997 | 0.00564333 28 inucleus organization

[y

G0:0006944 | 0.00644743 32 icellular membrane fusion

G0:0061025 | 0.00644743 32 imembrane fusion

G0:0009561 | 0.01025983 51 imegagametogenesis

G0:0016114 | 0.01605619 80 |terpenoid biosynthetic process

G0:0009553 | 0.01924253 96 |embryo sac development

GO0:0061024 | 0.02103122 105 {membrane organization

G0:0016044 | 0.02103122 105 |cellular membrane organization

BP GO:0048646 | 0.02261897 113 anatomical str'ucture formation involved in
morphogenesis

G0:0008299 | 0.02380843 119 isoprenoid biosynthetic process

G0:0009856 | 0.0332825 167 ipollination

GO0:0048610 | 0.03367565 169 |cellular process involved in reproduction

G0:0044237 |0.04270225 8121 |cellular metabolic process

GO0:0048468 | 0.04346291 219 |cell development

32

G0:0012501 | 0.04502149 227 jprogrammed cell death

(6)

G0:0044238 | 0.04516449 8247 |primary metabolic process

G0:0006457 | 0.04677246 236 |protein folding

CcC G0:0005783 | 0.00477826 399 iendoplasmic reticulum

G0:0051746 | 0.00024305 1 ithalianol synthase activity

G0:0080014 | 0.00024305 1 |thalianol hydroxylase activity

G0:0080004 | 0.00024305 1 ithalian-diol desaturase activity

G0:0019825 | 0.0012758 231 |oxygen binding

G0:0031559 | 0.00315585 13 joxidosqualene cyclase activity

G0:0016866 | 0.01401593 58 |intramolecular transferase activity

MF

70 oxidoreductase activity, acting on the CH-CH

G0:0016627 | 0.01689524
group of donors

G0:0051082 | 0.02549116 106 junfolded protein binding

G0:0031072 | 0.03023954 126 iheat shock protein binding

G0:0008415 | 0.04226073 177 acyltransferase activity
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G0:0016491 | 0.04420107

1451 |oxidoreductase activity
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Class  Ontology GOMFID Pvalue Count  Size Term
G0:0030001 | 2.18E-08 4 203 metal ion transport
G0:0006812 | 1.44E-07 4 325 cation transport
BP G0:0006811 3.81E-07 4 414 lion transport
G0:0006810 {0.00012176: 4 1766 |transport
33 G0:0051234 | 0.00012395 4 1774 |establishment of localization
(10) G0:0051179 {0.00014407 i 4 1843 |localization
G0:0046872 | 4.01E-09 9 2255 imetal ion binding
ME G0:0043169 | 6.68E-09 9 2388 |cation binding
G0:0043167 | 6.71E-09 9 2389 {ion hinding
G0:0005488 | 0.00085469 9 9121 |binding
G0:0009661 | 0.00016159 1 1 ichromoplast organization
G0:0016120 | 0.00113072 1 7 icarotene biosynthetic process
G0:0016119 |0.00193779 1 12 icarotene metabolic process
G0:0016117 | 0.00355046 1 22 icarotenoid biosynthetic process
G0:0016109 | 0.00355046 1 22 itetraterpenoid biosynthetic process
G0:0016116 | 0.00467817 1 29 carotenoid metabolic process
G0:0016108 | 0.00467817 1 29 [tetraterpenoid metabolic process
BP G0:0046246 |0.00483919 1 30 {terpene biosynthetic process
G0:0042214 | 0.00693071 1 43 iterpene metabolic process
G0:0016114 | 0.01286545 1 80 iterpenoid biosynthetic process
G0:0046148 | 0.01606232 1 100 |pigment biosynthetic process
G0:0006721 |0.01654118 1 103 iterpenoid metabolic process
GO0:0009657 | 0.0182955 1 114 iplastid organization
G0:0008299 | 0.01909215 1 119 lisoprenoid biosynthetic process
G0:0042440 | 0.01941067 1 121 ipigment metabolic process
G0:0006720 | 0.02290929 1 143 iisoprenoid metabolic process
CC G0:0005886 | 0.03721225 2 1817 iplasma membrane
GO0043492 | 5.57E-06 3 163 ATPase activity, coupled to movement of
34 substances
) GO0042626 | 5.57E-06 3 163 ATPase activity, coupled to transmembrane
movement of substances
hydrolase activity, acting on acid anhydrides,
G0:0016820 | 5.78E-06 3 165 |catalyzing transmembrane movement of
substances
GO:0015405 | 1.30E-05 3 216 P-P-bond-hydr_ol_ysis-driven transmembrane
transporter activity
G0:0015399 | 1.31E-05 3 217 iprimary active transmembrane transporter activity
MF G0:0042623 | 4.19E-05 3 320 |ATPase activity, coupled
G0:0016887 | 0.00010095 3 430 |{ATPase activity
G0:0022804 | 0.00022536 3 564 iactive transmembrane transporter activity
G0:0017111 | 0.00047792 3 728 nucleoside-triphosphatase activity
G0:0016462 | 0.0005339 3 756 {pyrophosphatase activity
GO:0016818 | 0.00054014 3 759 hydrolase activity,_a_cting on agid anhydrides, in
phosphorus-containing anhydrides
G0:0016817 | 0.00055276 3 765 ihydrolase activity, acting on acid anhydrides
G0:0022857 | 0.00106703 3 958 itransmembrane transporter activity
G0:0005215 | 0.0022867 3 1246 itransporter activity
G0:0016787 |0.02487117 3 2911 hydrolase activity
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CID Gene

1 At1g14930, At1g14940, Atlg14950

At1923530, At1g23540, At1g23550, At1g23560, Atlg23570, At1g23580, At1g23590, At1g23600,

2 At1g23610, At1g23630, At1g23640, Atlg23650, Atlg23670, At1g23680, At1g23690, Atlg23700

3 At1g926380, At1g26390, At1g26400, At1g26410, Atlg26420, Atlg26440, At1g26450, Atlg26460,
Atl1g26470, At1g26480, At1g26520, Atlg26530, Atlg26540

4 At1929430, At1g29440, At1g29450, At1g29460, Atlg29470, At1g29480, At1929490, At1g29500,

Atl1g29510

5 At1932060, At1g32070, Atlg32080

Atl1g37160, Atlg37170, At1g39190, At1g39270, Atlg39350, At1g39430, Atlg40150, Atlg40230,
At1g41795, Atlgd1797, Atlga1810, Atlga1820, Atlgd1825, Atlg41860, Atlga1870

Atlg51830, Atlg51840, Atlg51850, Atlg51860, Atlg51880, Atlg51890, Atlg51900, Atlg51910,
Atlg51915, At1g51920, Atlg51940, Atlg51950

8 At1g52050, At1g52060, At1g52070, Atlg52080

9 At1g55820, At1g55830, At1g55840, At1g55850, At1g55870, Atlgs5880, Atlg55890, Atlg55900

At1g63440, At1g63450, At1g63460, Atlg63470, Atlg63480, Atlg63490, At1g63500, At1g63540,

10
At1g63550, At1g63560, At1g63580, Atlg63590, Atlg63600

11 Atl1g67860, Atlg67865, Atlg67870

Atlg72810, Atlg72820, Atlg72830, Atlg72840, Atlg72850, Atlg72860, Atlg72890, Atlg72900,

12 At1g72920, At1g72930, At1g72940, At1g72950, Atlg72960, At1g72970

13 Atlg75850, Atlg75860, Atlg75870, Atlg75830, Atlg75890, Atlg75900, Atlg75910, Atlg75920,
Atl1g75930, At1g75940

L AM2g07190, At2g07200, At2g07230, At2g07240, At2g07280, At2g07290, At2g07300, At2g07320,

At2907330

At2g07620, At2g07630, At2g07672, At2g07673, At2g07691, At2g07692, At2g07693, At2g07701,
15 At2g07702, At2g07705, At2g07706, At2g07713, At2g07714, At2g07715, At2g07718, At2g07719,
At2g07721, At2g07722, At2g07724, At2g07725, At2g07680, At2g07690

At2g11120, At2g11130, At2g11140, At2g11150, At2g11210, At2g11220, At2g11230, At2g11240,
At2g11270, At2g11360, At2g11370, At2g11680, At2g11690, At2g11890, At2g11910, At2g12170,
At2g12190, At2g12210, At2g12230, At2g12240, At2g12250, At2g12290, At2g12300, At2g12910,
At2g12920

16

17 At2g17060, At2g17070, At2g17080

18 At2g19720, At2g19730, At2g19740, At2g19750

19 At2921310, At2g21320, At2g21330, At2g21340, At2g21370, At2g21380, At2g21385

20 At2g929530, At2g29540, At2g29550, At2g29560, At2g29570

21 At3g03300, At3g03305, At3g03310, At3g03320, At3g03330, At3g03340, At3g03360, At3g03370

22 At3g07820, At3g07830, At3g07840, At3g07850

23 At3g16430, At3g16440, At3g16450, At3g16460, At3g16470

24 At3921780, At3g21790, At3g21800, At3g21830, At3g21840, At3921850, At3g21860
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CID

Gene

At3g22240, At3g22250, At3g22260, At3g22290, At3g22300, At3g22310, At3g22320, At3g22340,

25 At3g22350, At3g22360, At3g22370, At3g22380, At3g22400, At3g22430, At3g22435, At3g22440,
At322450

o5 A326210, At3g26220, At3y26230, At3g26270, At3y26280, At3g26290, At3526300, At3g26310,
At3g26320

27  At3g28770, At3g28780, At3g28790, At3g28830, At3g28840, At3g28850

g A3g30380, At3g30390, At3y30396, At3y30400, At3g30440, At3g30450, At3g30480, At3g30490,
At3g30500
At3g31910, At3g31915, At3g31920, At3g31930, At3g32050, At3g32060, At3g32080, At3g32090,

20 At3g32100, At3g32110, At3g32120, At3g32130, At3g32140, At3g32150, At3g32160, At3g32180,
At3g32190, At3g32250, At3g32260, At3g32270, At3g32280, At3g32290, At3g32900, At3g32910

30 At3g42570, At3g42580, At3g42590, At3g42600, At3g42630, At3gd2640, At3gd2660, At3gd2670
Atdg04070, Atdg04080, Atdg04110, Atdg04120, Atdg04130, Atdg04180, Atdg04190, Atdg04210,

31 Atdg04220, Atdg04260, Atdg04270, Atdg04280, Atdg04290, Atdg04320, Atdg04330, Atdg04340,
Atdg04350, At4g04410, Atdg04420

g AMg05190, Atdg05200, Atdg05210, Atdg05230, Atdg05240, Atdg05250, Atdg05260, Atdg5270,
At4g05280

33 Atdgl2470, Atdg12480, Atdg12490, Atdg12500, Atdg12510, Atdg12530, Atdg12540

o  Agl5330, Atdgl5340, Atdgi5350, Atdgl5360, Atdgl537o, Atdgl5380, Atdgl5390, At4gl5400,
Atdg15410, At4g15415

35  Atdg15680, Atdg15690, Atdg15700

36 Atdgl6870, Atdg16860, Atdg16880, Atdg16890

g Ag19490, Adglo500, Atdgl9510, Atdgl9520, Atdgl9530, Atdgl9540, Atdgl9550, AtdgL9570,
Atdg19580, At4g19600, Atdg19610

g A422030, Atdg22040, Atdg22050, Atdg22060, Atdg22070, At4g22080, Atdg22120, Atdg22130,
Atdg22140, Atdg22150, Atdg22160, Atdg22190, Atdg22200
Atdg23130, Atdg23140, Atdg23150, Atdg23180, Atdg23190, Atdg23200, Atdg23210, Atdg23220,

39 Atdg23230, Atdg23240, Atdg23250, Atdg23260, Atdg23270, Atdg23280, Atdg23290, Atdg23300,
At4g23310, At4g23320, At4g23330, At4g23400, Atdg23410, Atdg23420

40 At4g26500, Atdg26510, Atdg26520, Atdg26530

41 Atdg27120, Atdg27130, Atdg27140, Atdg27150, Atdg27160, Atdg27170

42 Atdg33470, Atdg33480, At4g33490, Atdg33500, Atdg33s10, Atdgass0, Atdg33530

43 At4g3ssdo, Atdgassso, Atdgassso, Atdgass7o, Atdg3sss0

u  A5901530, At5g01540, At5g01550, At5G0L560, At5g01600, At5G0L610, At5g01620, At5G0L650,
At501660, At5g01670, At5901680, At5901690, At5g01700

45  At5g06720, At5g06730, At5g06740, At5g06750

46 At5907410, At5g07420, At5g07430
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