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ETMADS-boxiFESEHRHEEIERR
Tt A B 5 F KA R

A2, BAEN? RFFEN? AT, mEWhY
R AL KT AR R 00 5 VE R P 0, Kb 410128
Al K 0 T S A B A, K 410128; Pl K2R GRS, M 510275

WE HUERE LA RSB RN, kB MESYE . Z LR IF (Arabidopsis thaliana) £l &k B N, %
GEAMREAE. WA EAL, BB AN EE R T fe v B A AR 12, e H A A 1 R B RS TSR, SRAS R SR AR R R
HRHAEMZS, LLE A MADS-box 45 143 85 (1 AR B FE N 4% T b AT — Rh E, 15 2014 384N 1 B 6 76t ELAE 1Y ¥ R I 4%
ETEMZ, DAVIDERINAEFERERY, ZHE QY KA SR SR T WA SIS 1940 i% VY oo BAF,
¥ J ABCDEME B EL K 2 A8 FE [, HoHH £ MADS-box 45 135 (1] AGL L6 FT 5 /& B2 5E K7 i A B H TU 4R SEU. LUH.
CHR4. CHR11. CHR17HIAT3G04960 41\ /F £ AP 1-AP3-PI-SEP IU 2 {4 () e ¥E AR FE R . BF 7 45 5 R A A 0L °
MR E oM E 7 3.

X$2i8 T, MADS-box, TEMFR A, M A EAE A

wE, WAE REE, &%, RETW (2015). T MADS-boxiFEH 55 A B EAEHMIE I A &2 T W% E.
Y2 50, 614-622.

LG 7+ (Arabidopsis thaliana)/2 [ r E 514058
A BE DR 2E e A1 5E () e S R A, A EE A A 4

B class
(AP3/PI)

26 000IEM, 4ifis277 % % F1f(The Arabido- e
psis Genome Initiative, 2000). 1£/2HF 7 HYI# B &K D class ’
HISR R AF B RS, WUIERS TR A VAL A (AGL11)
ETEN — o M e B2y 425 i E class

R X AR, SRR R (SEPVSEPSSEPYSERS)
TR O NG M ABCHAY K e 2 H i R ) [

N ] . Sepal | Petal [Stamen| Carpel Ovule
ABCDEMEI(1) (Kim et al., 2005), el AE

ZA. BRMEZRERF A . FEEAFZEH, WYKH AR
R AR AL [F) Y5 S 70 35 IR (e 32 IR = ) [ AS R 4L 4 e E1 fE4E K H MABCDERR KA R (5] EKim et al,
AN FITE SR [ 4E, FUHAPL-AP1-SEP-SEPpsE 2009

2 P i (Pelaz et al., 2001), AP1-AP3-PI-SEP &
EIIE B (Immink et al., 2010), AP3-PI-AG-SEP#:
SE MEESH i (Ferrario et al., 2003; Immink et al.,
2003), AG-AG-SEP-SEP & 0 % X (Theissen
and Saedler, 2001). XLE AR SY(A] fe 25
DR 7)o@ 86 704 7 AR SR TR 1 )3 3 7 b s s
HA R 28 BRI R R R FE Th e, AREARE S

ke H #: 2014-09-15; #2352 H #1: 2015-03-19

Figure 1 The ABCDE model and related genes of floral
organ development (from Kim et al., 2005)

FIDNAJT %1 2 [8] 5 A 71 B AN [R) FUAS [6) 2 5 JE 31 [X
WA F Y€ 7 8 B i A H bR 2 R A Bk
$&(Theissen, 2001).
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P T BhASTERE 5 M S S DR A 4% WX 4%, WIAD I RE T
LR 2 [ A 0 R, (R AR B K B 1R
FRIE RV IR TABCDERE R (1 2L (K .t T-ABCDE#
T e L PR 1) 777 4 ORI e FG e R R ) s 7 ) BT R A
HEES 5104 B K B D) §8 (Aukerman and
Sakai, 2003). Ft, MEIFESE K E 7 RN
BRI,

FrAP24L, ABCDEREA H H F K I I TE 48 B
KB ThhE R K 4R 8 T MADS-box 34 S K T K ik, &1
AN FH 5658/ 24 ik IR 7k 57k 2H B 1) 1R FEE AR < 1 5 A R
——MADS-box(& i £ #4E, 2007; Smaczniak et
al., 2012). 1%/7 5 gmhs i) s K 1 %656 764 . DNA
% % 5 (Theissen et al., 2000; Theissen,
2001). & MADS-box 4t i) ¥ sk K 2 Y K &
UG5 23R 7 M PR T 28 (Pajoro et al., 2014).
HAr, #lmJF A6 000Xt & A m #H & 1E H
(protein-protein interaction, PPI) X # S 56 fy 46 1IF ;
XN LAMADS-box £ 1 i 15, T PPITIM #i J& 1
FTFIE R B R B 2 TR MRS T 3201,

R b I T 55 4 1 PPITIN B A #E 6 (Zhang et
al., 2012), {HRHZRR . AT F A FIPPITILN /5%
ISR R R RGHE, FL T T RS B B 08 B W] B2 2K
. WShen%5(2007)45 20F K IR 2 B 18 K1 7> 72K,
PA343N = BRAR B L2 SR AR B Y A1, SR SCRF
] &Ml (support vector machine, SVM)&HirE A 35%
i F3R1T T 83% MM AL TS B . Guo%E(2008) LA H
B 77 22 4 R 2 1 5T A1) P () R 5 B8 5 ke ik 1) 1) L 55,
TERE BRI 3RS T 88.09% A 7 S FE

AV I E R E b, BEEAHE. T
Y TE A DR P R DR o e R R S e,
A PPIATAS TR AL, 45 3900 59 57 46 JE PP T 4
%%, LA MADS-box 45 H 38 1) B 1 o 75 THAE X 45
BT — R0 R, RIRNENT IR AL K & 15 A
2 I 45 S LR A

1 BEEFE

1.1 EFFPPIFNRE R E

FEA IE 4R 5256 56 UF 119481 35 JF (Arabidopsis  thaliana
L.) PPIXf(IEFEA) K H IntAct. BioGRID. BIND 5
TAIR 45U . E gwpythonfiiA Sz E 2 5 HHH %

TERX i, #an T AN BT i iE: (1) ROl ASH
RAEIER, (2) FHHK R T 0 Z AR R, (3)
AHEAE 8 AR B EE(S T 40% . B )5 15516 720
ANPPIXE, fir42 APair-1-Pos; &3 561N & H i, v
4 NSingle-1-Pos.

FEA G SELRIGUIE A 400 RS T AR A LA 2
HRsh =, METETE I8 AT AR S SR
WA A, B AN AL AN A (B i 2
A & A2 AR HAE I (Guo et al., 2008). 8L 77 2 i
R =g A =i B NN 1) OB T 1 o e ES 7 A
& 4 2% (http://suba.plantenergy.uwa.edu.au/), 7 ™
HE G N RNGEATIRIE: (1) AR A SR AR A
AR, (2) FHKERKTE50 NI, (3) Bxt
FIAN R A AR UMK T-40%,; (4) AE&H EfEAH
FEERIE N, (5) BEALAE S IEFE A KOS5 1 2 A
o HJE13EI6 720 A AR EAEHXS, mah
Pair-2-Neg; 2 793/ & H ii, 7 4 J Single-2-
Neg.

WL MRER 7 WFEA ESPair-1-Pos 5
FEA A 2L Pair-2-Neg i BEAL % HL5 000X #4 i Il 55
Pair-3-Train, 7 K3 4405 #) i Sz I 2 Pair-3-
Test,

FEBIRAL: K FGuo%s(2008) 42 Hi i H 77 % 4w
RAEF 5, BRI B S BRI K
Wt MAb R OB AARRR L VA TR AT R 2 T AR A ) 5
FLfr FR AL 7 AR AL T, B AR 1 2x T xIg4ERFAIE,
lg 29 5 51 FR PR AN Bk k22 ) PR e KB S

SVMIlZREEEE: SVMR H & ¥ MR A~ [ Libsvm,
1% bR O FHAR ) A%, A% o Bl e A g 2 45 DA I A% 3 [
SR (grid.py) &5k A8 G AL 3K 15 o

1.2 YA ERL EERT R IRRALREATIE

7% #) TAIR (http://www.arabidopsis.org/) (] 7 ¥ 45 i
AtGenExpress, k15 65Kl I+ £ &K & 2 S
ATGE_35(A. B. C)5ATGE_42(B. C. D). 1¢/& ]
12[JATGE_35% 13 02413 [K, 1EJH HA15MATGE_
42712 451 HER . A HEBERIFEG TR v h R IA (A 1)
EZ, WA ZEER M e K 50 KIS HR . 3K
B RN, &11 483105, 4N
Single-3.

11 483/ R R 2H A 50 ek, B DARTIA
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SVMAE R TR PP XY, £ 26 % Hrs B H R B P
Ao BRI LR TE 48 AN Jk PR SR AR A B R AR AL,
PR AH ELAE ) 8 B B A7 AE 3R (Zhang and
Horvath, 2005). L5375 K R IAE 5 FEATTED-II
(http://atted.jp/) ¥ 22 5744 FE K P 13 8] 1) 57 /R 3 AH 5%
Z i (Pearson’s correlation coefficient, PCC)%E % .
PCC— 2kl B 5 ~0.6 (Srinivasasainagendra et
al., 2008). Jyi— a8 5T ELAE P A BE A4,
W€ B{E N0.7; #PCCHALHE KT 8i%5F0.7, ML
NP R RAAEILRE. EWPAFREERE
Single-3& 3L XKk i &, 523K AHE K166 836
XPEE, 4 yPair-4; &3 982N EE L, MmN
Single-4.

1.3 & MADS-boxiFEEREMNEIFTFHBPPIM
wh—RIaR

HUAUL B T PPIFE AR IE 2 P 3 5614 8 F i 4R &
Single-1-Pos 56l 1 A R IL K11 4835
Single-3fAZ 48, 1346 T SR g0 kAT A BLAE FH B &R
F1H1 998/, 44 NSinge-5-Obs; 43 133}k
RIS UE AR HAEH & F R, 4 A Pair-5-Obs.

A FEAE I b A W L TR BH A B PP L
JACE P S26 B0 UEPPIXE, K AUl e T AE I PPIR £
DAL RS I & MADS-box 25 #4 35k 1) 2& (1 5 N i1, 1E
PPIM 2 rh AT — R dh

2 ZR51TR

2.1 HEIFTPPUHREIT L ST
Yk HEPair-3-Trains SVMERL, fEIgh15. 20, 25,
30. 35. 40145053 4404 A M 57 Il £
Pair-3-Test3k 15 1 76.24%—78.03% [ il A& FE, 24
lg 930} ¢ i, 1£78.03%, & iR N A .
Hg=30, Tillferh LR iL W] B1¥166 836X}
WA FiPair-4, 1915 6214 FH MR AR (T A5 46 T AE
FE AR, 4 NPair-6-Pre; 2 235 & AR, i
% NSingle-6-Pre.

2.2 ETMADS-boxFIESPPIMHIETTEE .
B9 FM%

X S 56 56 UE A AR EL AT 2 1 % Pair-5-Obs 5 F0l A

A ELAE & A 6 Pair-6-Pre sk 34, 1846 h PPIX}
18 703, #ir4 NPair-7-Total; &3 6921, i
% °NSingle-7-Total.

UL I 4 5k PR 20 & MADS-box 45 4 32 (1) 25 1 i
107/ (Parenicova et al., 2003), Single-7-Total#
#HA K104 AP1. AP3. PI. SEP1. SEP2. SEP3.
CAL. AGL18. AGL16fIFLM . X7t I o PPIXf
Pair-7-Total T A /¥ 2% 7] #1{k 12 J¥* Cytoscape, LA10
AMADS-box & A N B HEAT — H40 R, 1561
P IR B 7 M 2% (B2), &M% 538N EH
i, 67X A HAER; At 5 S5 58k E A K PPIXY,
Hrag wi PPy 27 % . Mo, SEP3 SEP1X 6] (1)
HHEAE B A S 56 4iE S BRAIE P, H R VS AH B4R H
X FFSEP3 5 SEP1Z [H 7 1£ H.{E(de Folter et al.,
2005).

BHER LA, 2% b e )38 88 1 i b 2 4R
HIHEDAVID (http://david.abce.ncifcrf.gov/) T &6 v &
W RS R SR B WIS Ak, fARiE
7R, AT3G049604: [l ¥ K1k 7E A6 75 5 rh 5 1L [R]
5 S R EL R A 22 (Schimid et al., 2003); CYP77A6%
HEREMMRZE K, J&itK EABCDER A A
2 L ] V. 5% i 1) B2 1 B (Li-Beisson et al., 20009;
Yang et al., 2010); AGL18Z 51e R B iz, 4
IR B 2 A% (Chen et al., 2011).

23 UWEEH FREPIRENOOTEE

TE45 B R G I DY PR A R 2 B 7R AT O ¥ X 4%
HIEERIDU AR . LA A6XTPPIA &, MEI2
HR] g 194N i ik DY o HAE (K13), ¥ K ABCDE Y
B Z Ah 8 A FE R R a2 AGLL6, AR & F
MADS-box 45 #38, £ 24K E I 5BIH K APIHI
PIL, H5AKREFAPLIL KEREFISEPL, SEP2FI
SEP3%iz(Parenicova et al., 2003), HEMAGL165E
BISIE Rk A s H U 4x . b4k, AT1G02190% H %
5 1 2 W5 & 5 16 F K B (Gomez-Mena et
al., 2005); AT2G20870 v i % 55 (1, 7E'% & iE
v AR I TR (] (Cai et al., 2007).

2.4 FEMOBAEHIRIESER R

VOR AR G AP1-AP3-PI-SEP U SE L IR TE A,
12 VU SR AAE I B TR AR R 1 S B 7 e
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Figure 2 Molecular network related to petal development based on MADS-box bait protein and protein-protein interaction (PPI)

in Arabidopsis thaliana

O: Proteins with MADS-box domain; <: Proteins without MADS-box domain; —: Verified PPI by experiment; ---: Predicted PPI

by support vector machine (SVM).

S AS [FR] () 8% B AR 2 R R 4% D) g (Theissen and
Saedler, 2001). #FPPIS#LEEK I ThRETERE, RIE
K2 fT 7~ 5 BB R APL-AP3-PI-SEP Y 5 44k [
6/ MEIEFEFRIEN: SEU. LUH. CHR4. CHR11.
CHR17HIAT3G04960. .1, SEULIREVERNTER B
W, MEBRKE. MERE . MEEREEMZ HpRA N
RESH. LUHDIREERNIER G - 3R E 5
%45, CHR4. CHR11MCHRL7 X B o) REVE R e thy
A e e i BB Y . AP1-AP3-PI-SEP U 5 1A L
MADS-box ¥ 51| 4 i (1) % 55 K 138 i 3 5 fECHR4
CHR11f1CHR17*JDNA L i H#%4 5% (Theissen and
Saedler, 2001; Huanca-Mamani et al., 2005), 7 #f
AL CHR4. CHR1LFICHRL7 A AE I MY 2 A 5 /F

HFRAHED . AT3GO049607E it 15 G 516 A 5 7
AL R #H 2% (Schimid et al., 2003).

25 g

MAPPITM RS MR R AR E . (1) MR .
W P B8 IEREA B R B A LGV L 740 f e 7
ERI— M & A Fik-letEHE N T 7511755 . Guoss
(2008)Hff Fu B, LA E ALk iE AR N AT (E .
SR, BXA-BIEEEAE, H T HREAMAE, &
B AR L [F] 5E AL T 40 o R SR AN 4 e A%, BB
A A E AL T 4B M A% T 22410 4 i A7 Al % F
HEAEN THMER . EABE M T4k, H24u
SCIG B0 IE A0 R EA-BEAEICSE, WA-BA] REH 4
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R/L RPN E AR LYl

Table 1 The related biological processes of 38 proteins in expansion network

Proteins Biological processes

AP1 Flower development; floral meristem determinacy; meristem structural organization; positive regulation of tran-
scription

AP3 Flower development; reproductive structure developmental; regulation of transcription

PI Flower development; reproductive structure developmental; regulation of transcription

SEP1 Flower development; ovule development

SEP2 Flower development; ovule development

SEP3 Flower development; ovule development; specification of floral organ identity; regulation of transcription

LUH Flower development; embryo development; negative regulation of transcription; regulation of transcription

SEU Regulation of flower development; ovule development; embryo development; gynoecium development; multi-
cellular organismal development

AGL16 Regulation of transcription

CHR4 Chromatin organization; chromatin assembly or disassembly; regulation of transcription; chromosome organi-
zation

CHR11 Embryo sac development; gametophyte development; chromatin organization; chromatin remodeling; chro-
mosome organization

CHR17 Chromatin organization; chromatin remodeling; chromatin modification; chromosome organization

CHR3 Flower development; organ boundary specification between lateral organs and the meristem; response to wo-
unding

AGL18 Negative regulation of flower development; negative regulation of short-day photoperiodism; flowering

CAL Floral meristem determinacy; positive regulation of flower development

FLM Negative regulation of flower development; photoperiodism; flowering; regulation of flower development

HSS Ovule development; positive regulation of flower development; floral organ abscission; negative regulation of
transcription

GYM Regulation of lateral root development; negative regulation of transcription

BLH19 Fruit development; floral whorl morphogenesis; negative regulation of transcription; organ formation

SPL5 Regulation of transcription; regulation of vegetative phase change

ZCW32 Petal morphogenesis; regulation of transcription; DNA-dependent

CYP77A6 Cutin biosynthetic process; flower development

ATGPAT6 Cutin biosynthetic process; flower development; metabolic process

ATINO8O Positive regulation of DNA repair; regulation of transcription; somatic cell DNA recombination

AT4G00870 Regulation of transcription

AT1G02190 Fatty acid metabolic process; fatty acid biosynthetic process; lipid biosynthetic process; organic acid biosyn-
thetic process

AT2G42990 Lipid catabolic process

AT5G45960 Lipid catabolic process

KNAT3 Regulation of transcription; detection of hormone stimulus; detection of cytokinin stimulus; response to organic
substance

ATY2 Glycerol ether metabolic process; cellular homeostasis; cell redox homeostasis

EDA29 Polar nucleus fusion; response to abscisic acid stimulus

BRM Regulation of gene expression

CYP706A3 Unknown

ATRLI1 Unknown

AT3G04960 Unknown

AT1G49490 Unknown

AT5G22430 Unknown

AT2G20870 Unknown

RHEFEN TR YRR S AT AR E A B ER PERETT S PP I v A V0 R . (2) IEREA
WS eIt ERESEARYMEAEGESHE  ARENERE. PPUEEZMERX, HEMMCR
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Figure 3 The candidate tetrameric interactions related to petal development molecular network in Arabidopsis thaliana
O: Proteins with MADS-box domain; <: Proteins without MADS-box domain; —: Verified protein-protein interaction by ex-
periment; ---: Predicted protein-protein interaction by support vector machine (SVM).

F

B4 PRI+ AEH0 DU SR AR 1 i 1 F FEAR
O: EMADS-box&5 I E A, O A EMADS-box & MBI & A, —: SEIRIGIE B A B EAE(PPI); -1 SCREIA ML)
EHHEFAIEPPI).

Figure 4 The candidate targets of petal tetramers in Arabidopsis thaliana
O: Proteins with MADS-box domain; <: Proteins without MADS-box domain; —: Verified protein-protein interaction by ex-
periment; ---: Predicted protein-protein interaction by support vector machine (SVM).
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i SEEG IR AIEAEAE PP IEFE AR A, U 5D
HPPIFEA, R T 84 5 R 478 Bl X PPN AS
Wifiko (3) A RAE SRR . IR IR EH7H=
A4 hR A5 2% 4 (Shen et al., 2007) 5 5% 3L 7R 4L
PR E 7 Z 40 SR 1E(Guo et al., 2008). 7Fh#EE{L
P AT REAS 2 DR R FE M 52 S5 1, AAB3LEHE FE
5 RARE LR (531 Fh Ak v 7, B BT o,
BB MAEAETE R GIUAR, SR ARFAE TR o L 2
(4) FEARA-BH & T FIUARHE I 58 J5 HE S OF .
A A 45 A% bR B A 3K — il LK AT 20T B (Shen et
al., 2007). #EtShen%:(2007)7E N8t 3R 1)
83% [ Guo%# (2008) £ 1% BE 4 4% F 3K 15 111 88.09% (1]
M S7 TIOMORS BE L A 9T LE UL RS O BOHE B R4S )
78.03% ML MRS FE i 276 2% 18 FiR Stk IR &,
HE— DRI B $2 T+ 40U rd I+ PPN ARS FE 4 2 ) 4L T
TEEE N

A FAZIRBNEIE K G 31 P24 194 ik U
JLHAE, &53XPPI, H 12X PPIf 54> T AW %
SIS I UE(KI3); HEMIAEIEAPL-AP3-PI-SEP VU B 14 1)
6/ ML SEAREE I NSEU. LUH. CHR4. CHR11.
CHR17F1AT3G04960 ([&4), mIfits v 445 L5
RACIIE . M EREEFEE . e, R, 0%
FIRER, A KA. B H e e85 0 4R
MFEE, WA TREMUE LR T RE 5T IHE
W 268 AR AR T 1) — BT R
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Expansion of the Molecular Network Related to Petal Development
Based on MADS-box Proteins and Protein-Protein Interaction
Network in Arabidopsis thaliana

Li Yang" 2, Congwei Sun®?, Zhijun Dai" %, Miao He*', Zheming Yuan™

"Hunan Provincial Key Laboratory of Crop Germplasm Innovation and Utilization, Hunan Agricultural University, Changsha
410128, China; 2Hunan Provincial Key Laboratory for Biology and Control of Plant Diseases and Insect Pests, Hunan Agri-
cultural University, Changsha 410128, China; *School of Life Sciences, Sun Yat-sen University, Guangzhou 510275, China

Abstract The regulatory mechanism of flower organ development has an important role in evolution, development and
ecology. Here, we used petal development of Arabidopsis thaliana as an example and integrated protein-protein interac-
tion, subcellular localization, gene-chip and gene functional annotation databases to reveal a protein-protein interaction
network related to petals of A. thaliana and built a reliable predictive model of protein-protein interaction. By using proteins
containing the MADS-box domain as bait, we could expand the network by one level and obtained an expanded network
of 38 proteins and 67 protein-protein interactions. Gene functional annotation with the DAVID database suggested that
most of the proteins were involved in regulation of flower development in the expanded network. We derived 19 candidate
tetrameric interactions, involving 8 genes, from the expanded network. None of the 8 genes belonged to the ABCDE
model genes: AGL16, with an MADS-box domain, may be a new member or a redundant gene of class B. SEU, LUH,
CHR4, CHR11, CHR17, and AT3G04960 were candidate targets of petal AP1-AP3-PI-SEP tetramers of A. thaliana. The
results provide references for deeply analyzing the molecular regulatory network related to petal development of A.
thaliana.

Key words Arabidopsis thaliana, MADS-box, petal development, protein-protein interaction
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