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ZHANG Li-Ping"?, YU Di-Qiu'"
( 1 Xishuangbanna Tropical Botanical Garden, Chinese Academy of Sciences , Kunming 650223, China;

2 Graduate University of Chinese Academy of Sciences, Beijing 100049, China)

Abstract: The floral homeotic gene APETALAI ( API) specifies floral meristem identity and sepal and petal
identity in Arabidopsis. GUS staining showed that the expression of API mainly focus on shoot apex, sepal
and petal, floral meristem, junction of siliques and pedicels. Sequence analysis showed that numerous cis-ele-
ments were found in the API promoter, including the W-box, which indicated the regulated expression of
API by certain transcriptional factors. 21 independent wrky single mutants did not affect the expression of
API in inflorescence, however, mutation of API enhanced the basal expression of seven WRKY genes a-
mong the 10 genes checked. This result implied that API may participate in the basal resistance of flower

through controlling the development of both sepals and petals.

Key words: API; W-box; WRKY ; Basal expression; Basal resistance

PRI ALY AR PR TR SR T HEE SR,
TERL R IF . AE o0 A 41 218 fiE

DOI: 10. 3724/SP. J. 1143. 2010. 09250

K AP-

BB H A F o R A TR A 14 2B vl 1 A
HIRRB B B AL — B BORE SR RS
BB 4B oy A AL, 2 SN ES R A R PR BT A o
Q’J 5 AN B AR Y 3 LR 2 SV 5 O AE 0 A

21, HlEs EHBGE A E . BB

ETALAI1 (APD) RIFALHE AR DL R AL 35 H 50 1k
FrwhZiif) . API FEPUJE SRS MADS [ 5% 5% i 4%
PRI, iR 5 7R A i 35 W I AE 7 3 A 2 21

s & A= FEAEREANE IR I Rk, BB R
B MU FE N W ES 1 B A%, 5 1 L AESN M g

* JHIHAEH . Author for correspondence; E-mail: ydq@ xtbg. ac. cn

Wk B 2009-12-22, 2010-02-04 $£% & %

TEH TN AT (1979—) L, WA, FENFHEYEHNIEES P9 . E-mail: zlp@xtbg. org. cn



356 =~ M OME W R

%32 %

Hhi#ik (Mandel 45, 1992), BhR AL HH
P A8 73 HE 2 SURe S M R AE i B SRR 1Y 2 AE
HH—2. API MG T 450 4 H AR IE L,
fdi 38 53 A6 72 WA IR O AR AE s JF H SR EUERE R
WES5WMWMMEET *H (Bowman 5, 1993),
Mk Rk AP1 52 DUl A5 48 )7 43 A 2 4V A
AL . RE IR AL T LT
(Mandel and Yanofsky, 1995)., API fE4k4r4E
ZH AP Y R R I A T — 2L I 4B I [R] & A 40 FT
MFD ., FTAEA—DIFHER K& FE S, HE
FAIE R 3h B 25 T 5 FD AH B AR F R B0 48
GG RIFE I APT 383K (Abe 5§, 2005;
Wigge %%, 2005),

SRV F WRKY $:H KG9 F
P10 0 IR R HL A i 1) 2 1 B A R B R ST
B IR F %) WRKYGQK Fl Cys, His, 8 Cys,
HisCys ££38 845 %) ( Dong %5, 2003; Eulgem
4§, 20000, WRKY #1571 i 45 5 M b 45 5
SR 37 XY RE S P (T) TGACC (AT)
T VR 42 AR N B DR 3R 3K, R AEH Ay 7 A W) D ig
(Eulgem %%, 1999; Yu %%, 2001 )., KI5
IESE WRKY # gl N FEEMYAERRET . W
FACH SR 2 07 R AW T RE (Yu
45, 2006,

RICAHLEE I ( Arabidopsis thaliana )
R I GUS il B 7 B 17 APL Y R G5 AR
X, 8 T APL W95 807 AR e 1
345 4 RT-PCR #1 Northern Z& 38 &% ¥ 22 4
WRKY 3N BRI APL )KL, H API
WSS 5 T H o WRKY HEH BRIk,

1 #EFFTIE
1.1 SEW#rH

WA I+ ( Arabidopsis thaliana ) )4 25 %! Co-
lumbia (Col) Hll Landsberg erecta (Ler) >k 5% 4 41 %},
i F R B SIMAAE /2 MS 5L L (F0.9%
agar) , A°CHEM 3 d, HBH 22°CHFAR T ~7Td )R/
BRF L. B WT (Columbia) Fl ik £ 35 5t Co-
lumbia B4 wrky R7ZAEEAE T ; WT (Columbia) Flistf&
W5k Columbia 1 apl RASK A FEF Capl-12 Fl apl-
13, 8 % ;5 apl-11, v R4, [ & T WT
(Landsberg erecta) Fl1LL Landsberg erecta %575 5 )
apl-1 SR ARAENT ; WAL HIHRAET —80°CHHI.

1.2 BHNHBERTEREN

A NCBI A fi B AT1G69120 %1%+ H T API
A TR MG Y, Jfi# it PCR ik B A A& (CoD)
PRI B4 DNA iy 3R K 2 1.7 kb 19 API J3 3l
FF 5 RIEH API J5 3 F i A 2] 3 K& pJS131B Y
GUS RIKMEZHI . LW FHIE 5L 5 HE— 25 5 e B e 3k 3 ik
pOCA28 I, ¥ridH pAPI: : GUS .

K1 55 1 #2 B Clough and Bent (1998 ) WY 7L )% 2
PR (o
1.3 GUS#®&

GUS Y0, )57 : 2% SCk it i (Molier 4§, 1995),
MY 90 % N BT vk I 18 & # & 20 min, H GUS
Staining solution (without X-Gluc) 2%t & J5 69 4 Kl 3
W (FEVK E#E47), SR )5 A GUS Staining solution
(with X-Glue) ", FFF oK LB e E % 10 min, &5
F37°C A 12 he FH 70 Y60 A i £ J5 A 8
1.4 Northern %

RNA $2HBRJH Trizol reagent ( Invitrogen ) 7%, fifi
A 1.5 % B — MOPS ZEAR BEEERL 43 B RNA J5 . 7R 5
Je eI b, ZR 3R 68°C s A2 Wik A PerfectHyb™
Plus buffer (Sigma-Aldrich) . #4} il id klenow fragment
( Takara ) #EAT¥P-dATP #ric. PeHE: 2XSSC 1 0.5%
SDS, 1 ¥; 4¥X 10 min; 0. 5XSSC # 0. 1% SDS, 2 1%,
£ 20 min; 0.1 X SSC F1 0.1% SDS, 1 ¥, %W 20
min, JiJa R A B,

1.5 RT-PCR

2 CIDL R T B A M & wrky 75 KBRS RNA,
JFH DNase I 403, FI2k#E4T RT-PCR S48, [ f% 5% &
WA 20 pl, @& 1 pg B RNA, B SCH 79 K
Fii B 20 £5, SRJGHR 2 pl FIAE PCR 4R, H &5
Y —80°CHRAF. ACTINZ fERWNARIER ; PCR U 35 55k
TSR, EHEEEMKE: B4 RT-PCR ELE 3 KL
L. AF RT-PCR 514K API. 5-GCACATCCG-
CACTAGAAAAAA-3" and 5'-CTTCTTGATACAGAC-
CACCCA-3'; ACTINZ: 5'-TGTGCCAATCTACGA GGG-
TTT-3" and 5'-TTTCCCGCTCTGCTGTTGT-3',

2 HRE5SH
2.1 AP1 EEHREEN

i 5ot 2 P e M AL B E B AR AR AT T pAPL = -
GUS fa BN FRBEAR .l il AT B 1591
LB AAT TR R MR . O T T R A
FATE ekt T, AR B R bR, JF LR 247
JRBEM R IR T TAE, GUS Je@iptr s (&l
D, APIJA 8 T3 GUS EEHAEZER, &
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OAERAEIEA E KR, X506 RS
B—3 (Mandel &5, 1992),

A

Bl 1 pAPI::GUS ¥IEHMERE GUS 4
A, 15 KR B 4E)F; C. I
Fig. 1 GUS staining of pAPI : : GUS transgenic plants

A. 15 d-old seedling; B. inflorescences; C. siliques

2.2 APl BshFHH

WA AP B3R EBEA, AT LB API F1—
L WRKY BRI EEEIHNR (GUS
Juff,, microarray analysis), [6)}i# 28] NC-
BI &ffs . AT R BA K WRKY 5 K 1E

WAL, XEERRR API Ml WRKY 3
W Z M AAEREMRB R LR, HEAEY %
AR K 22 2 3l 3 A ST A s A R 2
AW AH BRI SRR, PR aT DASE i o3 A
R 2l E AR T 00 S 000 AH DG 5 PR X 4 R
Ry . R E el o PLACE (http: //
www. dna. affrc. go. jp/PLACE/signalscan. html)
SR T AP R 3 b i =X 7R oG F ok 34
WRKY HHEES 5 AP JEFH LR, W
1 FiRTEAPI K2 1.7 kb 3 8 7 FAEE#
T 2 A8 B . I G-box, C-box, LFY-bs,
W-box &5, Mt =CAE F JC 14 09 47 76 B 7R T A oG 3
X APT 4%, X B3R AR F O e T W-
box. L JFH s &I, 75 1.7 kb MH 3+ I
AET 8 A5ERE TGAC .0 JFEH, Hrf 7 4
Mo # ) TTGAC P31 (W 8. MELS L,
LS 3+ XN A WS T 51 s e A A
e WRKY & H B IEET (Eulgem %%,
1999), i API Jash FIX B NFAEMLZH W
&7, HFRIENZZE WRKY 5EH IR .
2.3 WRKY EFEBRETARZINAPI EERRIX
API JA 81 X Kk W-box [ 17 1 I 78 78 At
YR WRKY EHATRES 5 17X API BL &
KA. BCH T8 AR S WRKY &H A2
S5 T X APL JE W &k W, FRA7#E
RT-PCR &l T AP1 BN ¥ 21 4> WRKY A
HLER AR AL R RIAES . WE 2 PR, §
WT HIEL, 7EATA KD WRKY 3 # e 78 1%
SCRAEF T AP MRZBEA ZRIX 5, X153
TIEE R B T WRKY 3 [F B 58 25 46 7 1B 4R
R 2 KR IX B 45 R 2 — 3y, X T X fh 24
L, AN EESE WRKY 3N R 778 1 T fig
FTCAYER 5%, 7 Zhang (2003) HYBFSE
EH T T WRKY L H Z RIfEEITUR M, B4
WRKY I 5 AR AR 25 o R A i ele s
2.4 APl REEINT WRKY ERREMRIX
P b 45 BAE S A WRKY HE R 19 28 728 AN 52
API (33K, XA RESE T WRKY & H Z [A] 2
RE B IYTUARIE R LY, R A BEHERR WRKY J [H
XPAPI iR, ERATEEDN T4 T WRKY
FEHTE apl 2 K 5P RIK. ST
BF A R0 T A6 (Col A= RUAI Ler A2 288D ,
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®1 BEFTAPI EERH FHIRKXERTH

Table 1  Cis-acting elements of the API gene promoter

P4 PP 41 44

#% .0 7 %1 Core sequence fEH Function

Name of regulatory sequences

TATA-box TATA Core promoter

CAATBOX CAAT Tissue-specific response
-300ELEMENT TGHAAARK Enhancer and tissue- specific response
-10PEHVPSBD TATTCT Light response

G-box CACGTG Light response
GT1CONSENSUS GRWAAW Light response

SORLREP3AT TGTATATAT Light response

IBOXCORE GATAA Light response

INRNTPSADB YTCANTYY Light response

GATABOX GATA Light and tissue-specific response
EVENINGAT AAAATATCT Evening element
REALPHALGLHCB21 AACCAA Phytochrome regulation

circadian CAANNNNATC Circadian control
CACTFTPPCA1 YACT Carbon metabolism
DOFCOREZM AAAG Carbon metabolism

GTGA motif GTGA Pollen development
POLLENILELATS52 AGAAA Pollen development
CURECORECR GTAC Copper response
SURECOREATSULTRI1 GAGAC Sulfur-responsive

CCAATBOX1 CCAAT Heat response

CBFHV RYCGAC Cold response
LTRECOREATCORI15 CCGAC Cold and ABA response
DPBFCOREDCDC3 ACACNNG ABA response

EBOXBNNAPA CANNTG ABA response
PYRIMIDINEBOXHVEPBI TTTTTTCC GA and ABA response
GADOWNAT ACGTGTC GA response

GARE20OSREP1 TAACGTA GA response

GAREAT TAACAAR GA response
PYRIMIDINEBOXOSRAMY1A CCTTTT GA response

ERELEE4 AWTTCAAA ET response

T/GBOXATPIN2 AACGTG JA response

NTBBF1ARROLB ACTTTA Auxin and tissue-specific response
ARRIAT NGATT Cytokinin response

MYBIAT WAACCA Dehydration response
MYB2CONSENSUSAT YAACKG Dehydration response
GTIGMSCAM4 GAAAAA Pathogen and salt response
BIHD10S TGTCA Defence response
ASFIMOTIFCAMV TGACG Biotic/abiotic response

W-box TTGAC Biotic/abiotic response, development

WT w3 w6 w7 w8 wll wi7 wi8 w25 w26 w33 w38 w40 w4l w48 w52 w54 w55 w60 w62 w66 w70
API

Bl 2 API 3:FAE wrky 58725 (K o i =3k 7 B
Fig. 2 Expression analysis of API in single wrky mutants
API was detected using RT-PCR after RNA was digested with DNase 1.

This experiment was repeated for three times with similar results
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apl-1 (Ler), apl-11, apl-12 fl apl-13 (Col)
4 Ff apl RAARIEH) B RNA, 1833 Northern
ZeAZ K T X 10 A~ WRKY J R 7E 58 28 K 4 v
14 & 15 AR 6 F B 2R RS R A AR Ak, Nl 3 Y
N. fEIX 10 > WRKY #:H A 7 4~ WRKY 3
(WRKY 7.11.15.17. 32. 51. 70) 1E4% apl %
PSP A T A 3R TR T T B A R v A R R R
s [V R R 2 AR A N WRKY JE R Y 26 35wk
SR, X AE Ler AASAIh RHAATINH B (&
2), Wt API JEH B 58 28 6 5552 e T OAH G
WRKY FH 33k, WiRE APl 2N GES 5
T WRKY JER 5081

WRKYS8

WRKYII »»’

e

WRKY22 E;;‘}f

WRKY28 WRKY28
WRKY32 WRKY32 [

WRKYS] WRKYS] -
WRKY70 m WRKY70 g

K3 WRKY ZEHTE apl 2878k i ik
ERZIEY 10 A~ WRKY JEH ', WRKY7, WRKY1l, WRKYI5,
WRKY17, WRKY32, WRKY51 fl WRKY70 7 4~ WRKY %A
8 S 78 A v AR X B AR AR SR R k)

Fig. 3 Expression of WRKY genes in apl mutants
Mutation of API enhanced the basal expression of seven WRKY
genes ( WRKY7, WRKYI1l, WRKYI15, WRKYI17, WRKY32,
WRKY51and WRKY70) among the 10 genes checked. Ethidium
bromide staining of rRNA for the blot is displayed to demonstrate

equal loading of RNA in each lane

3 itig

API fE R EE WAL ¥ & F S, Bt
FERG SR EE B A B X, iy
FH GUS Qe @ A1 — 2 HESE T APL 1 3RIAHL
X, MR TE—5, APl EEAEZER,
ORI FESE AL Rk, X5 AP IR
M

BARATH C A KR A TARIESE APL 52 3 A
ZIH MR, (A& H s Foabr. RITEZM
API TR A REZ B 45 L I WRK'Y 3 [H 1 P A9 A
2 HoA e SR B I R L w5 R
WRK'Y ¥ sl I 7 8 11l 4 25 5 #E 3L R 3
TEHELHEERY W & (TTGAC or TT-
GACC/T) Tk 2 94 #= 4/ . I Bk b0
JPoliE TGAC WP St B4 — 2 1 W & 2 g
(Ciolkowsk %, 2008) . Ji o F J¥ 5 4 ¥ & B,
fEAPI JEH 1.7 kb A3+ X, W& T 8
MEAEZOKTEEN W &, Bk, &I
WRKY HAMRATGES 5 T X API R+, [RI6T
X e APL MRSy WRKY JER #3515, &
MERMENRIELFAEESENSR (GUS R
{4, microarray analysis), X # — £ /R T
WRKY & %t AP1 iy,

At i S GUS AW W &= A8 1 API
B FIRER GUS MM A B, AW &
GANE T APL 8 8h 1 1 1 o 0 kAR R AR K
M4 APl B+ LW &L RELE, RH
AP BB FRIEME R A TR KM (FfkRHE
D, BAC KUK BRA W & AEEXT WRKY
EAMSE G HERLES T, A2RIERNTMNLS
R BADAR W & Z EABRT BB, $
AW GRS LGRS E 8 FILEAL S W AW
AR AT TR A 3 R 28 AR AR Y 4 M
fif VR W s A B X, R A2 T
API fEARTR WRKY $&H AR R p iy 635, 38477
HAGM T 21 A WRKY HEHRAK, KB API
PR R AR (R [ TR A 2 R, X5 R
R [ BAS WRKY SRARR A 2 /0 sl A8 2 — 301 .
X RXAEEIR . AT IER T WRKY 5 [ 7] £7
D) BE bR TC A P 3 W . #E Zhang (2003)
BB 78 48 R T WRKY 2 BIAF 6 0 A 1
HAS WRKY SR 9 R0 25 Won th R A8 1Y
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MAE, s A LR g g, FRATIAh WRKY
BRI W-box —HE, HATETCRME, XIE—E
FREEE B 3m T 3AT% & WRKY % N T 68 19 X
BE . 3 [R) AT Rl 7E R of 38 i f i WRKY [
ZRAR P AFE| SR,

HAl WRKY %[5 i T g 0F 9% 8 2276 Pl v
B AR AR B 5 (Yu 25, 2006), 1 H A
KT W T PR H 0 . R Bk
T BE 23 52 W AH W A6 0 A 396 5% a8 AR A M BE i bt
PE, FTRATRATTIAN S APT A A fi 76 0 306 M Jr 1
e . fER M 10 &~ WRKY R H o fF 7 4
WRKY FEAE AP 45 5828 A6 i 3R IX A X T
P AR R PP A B RO R AR R T B 5 2 AR A
N WRKY S:H B9 R I8 g%, X TE Ler A
B E I B (K 3), XELERERE AP
FEH A BE 2 5 X F s WRKY 56 ] 0 32 35 1 4%,
FEIX 7 > WRKY 3, © 4 0F 58 WRKY7,
WRKY11, WRKY17 Fl WRKY70 78 4= ¥y i 55
HAEFH (Kim 4, 2006; Li 48, 2004; Journot-
Catalino 4%, 2006), PN Itix4 WRKY 5 [K K5
WA, W5 API 0] e i 5 A S RAE R ) K E
T FE AR T 1 e 3] R P A

it Zhixiang Chen #(# ( Department of Botany and
Plant Pathology, Purdue University, West Lafayette, In-
diana, USA) 3% T T-DNA #fi A ) wrky RAZ{K

(& % x #
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