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(O B AR R A2 AR AR R A B 2 T T IS 2, TP RO R AR BEAE R, Bt 100193;
2 WHLA ANV RFE B Y S5 AT, Ao 3100215 ¥ I RIRH K Ef Rl 2206, W 411201)

HE WK T A VERT, IR S 7T 388 4 3 52 B 48 4h 4k -B(UV-B) SESF M. T % %€ /K WRKY %
SKINF OsWRKY 89 2R 8) T i) UV-B [ AR ITTHE, At TSI TARIB KRB gus FUE RN FIKFESH, K
WA R B F P AEAE UV-B R, 7T 55 B RH R AR 4 47 0 Ul -1 213~ -1 1882 HI 1) 25 bp X 48k, 3% 7 1 4
AAGATCTACCATTGCTCTATAGCTT. 454 OsWRKY89 Fl UV-B %53 FiHZREIEN B3 T4 /0 R BL, %ok X A KRS
UV-B NI R 87 FBAT = B AR e, 10 S SRR SF IR S BTGP BARE, R WX kAL KRG UV-B B 1) =%

PR B R A L IIRE.

S8R KR, AT, 4N B, RMILIE
SRH%S Q3 Q7. Q4

BRANE(UV) Fad e KB RE R 1K — 8 47
UV il X AL 48 E AT LLgy o =384y . UV-A(320~
400 nm), UV-B(280~ 320 nm), UV-C(/T* 280 nm).
TEIX =i b, U= SR RO KA T
290 nm ] UV &5, M UV-C LikBikH, Br
DLHA UV-A K UV-B BB dmmidt, #
Yyt R R BHOGREREA TG SR, DRI AN AT 3 A
52 2] UV-B 48 G520, UV-B X (15 A
YT UV-B ISR T, B
FEJE b5 HARFREE R -1 W [R] 5 ik A7),

Safrany “5M/ERIRI I ANA CI3 ek N1 R 31
EEH T —ANEN R UV-B /EH Joff UVBox #mer
(# L J¥ 5] CAAG), I f& t MYB iHJj o #F
(MYB-recognition element, MRE)MRE"“M¢5 (% .
¥4 AACCTT) A1 UVBox“MCls 5 A 4E ANACI3 JF
BF 150 bp X SN, PAS T 1 6] I8 A7 7 2
UV-B 53 ANA CI13 S KX RPTTiK. J6RN% e
ff-(light response element, LREs)ZEANIE G307 11y
Bo3An, eI IE VAR AR O SN R R R A
B BEAT B S ST R IR T 1R S
BB, RYDGIREE M 30, R
K387 I LREs J& UL & B A 2 AN TG
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g BT R R DR 06 S B, KA IR S TT AT
T2 (1) 2 B 7K i 5 R 55 DK (Chalcone synthase,
CHS), ZIEHN A Ly UV-B il UV-A/ #ti%E S %
ik, HARAFEARh e RIS RS 2 7 #8706 R
R IGHES. Fi S CHS N4 5% &l it £ 4~ LRUs
(light response unit, LRUs)3t [FJ4E H SZ B, FE
A, 5 P A AS ) 28 B i o R % oo k. ACGT- T
(ACGT-containing element, ACE®S; #% .07 51 K
CACGT)H1 MYB H 1] JC#F (MRE™S; 4% 0[5 41 A
ACCTA).

Wang % 4§, KA WRKY %% 5% K 1
OsWRKY89 W] LL# UV-B & Wi Rk, i Hi#
FIRZIE KRGS T % UV-B 48 S 1 ARG I
Pyput, A GRAEIE Y OsWRKY 89 2K A 3 1
HA UV-Bif5 2iE M. A5 LUKEE OsWRKYS9
BB AAA7 25 _F 1500 bp (K580 1 A WFIE 0 %2,
WL M A B R SRR A KK AEAE UV-B
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AEER S RS B s e, B T KRB OsWRKY 89 I
)1 UV-B RN oEX, PLEILAE/KEE UV-B W&
FERE 81 B AT s AR E.

1 MR57E

1.1 KIERYFE R b 3R

PR M RHER = F AR R AE K 21 K,
RIS AP IR 2 K, BUZBTHL 2 em
JEATKREM R BT 172 MS B350 FAPAT R % 24 h.
SR JE KK R By 1 s B AR v BT AT 2 UV-B
THES, BREMHHKYD 05 m, JLiA
1.28 mol/(m?«s) ¥ &b P & 1. 7K HE %)) 1 %% % 1
UV-B F 15min J&, 20A THiE57% 6 h 1 18 h Bt
FE, WG R,
1.2 OsWRKYS89 BaFERK i IAHE

LIKFEF 7K 11(XS11)IE K41 DNA AR, K
M GIN Kpn T BEVI 55514) OsW89PL(5" caggtacc-
tggagtacatccatccgage 3’ ) M1 51 AN BamH 1 47 5351 4
OsW89Pr (5’ atggatccatgecacgeagetecaccatg 3' ) 4
OsWRKY 89 K: N EIE MG A7 51 ATG L 1 470 bp
JE B 1 P41 (NCBI #its 72 K 7 AC123514 bl
60 753~62 253 [FFF41, & ST, UL 2% Ji b =%
http://www.pibb.ac.cn/cn/ch/common/view_abstract.
aspx?file_n0=20090666&flag=1). 4k 7] i ] PCR
FEY% W) )G E e pCambial301 JFUR A I gus
FP ¥ CaMV35S JH3IT, fE OsWRKY89 JH
5 gus HEHRA IR YIFR LB 4A pCambial301-
OsW89PL1470(fij 5 OW89IPL1470, 7~ OsWRKY 89
LRI AR 47 A 3F 1470 bp S8 PR BES gus
Rl e, IR, SR EL OW89PL1470 Sk A
B, JHIE 514 OsW89PF345(5' caggtacc gatgcag-
gctetgacgtaagata 3'), OsW89P1638 (5’ caggtaccttettg-
ggctgggtetgetgg 3'), OsW89Pf1093 (5’ caggtacctegat-

(a) { GU (b)

-1470
-1213
-1188 [
-1093

-638

-345

-119

|

l

ATG

ccagagtaccagataggtg 3'), OsW89Pf1213(5’ caggtacc-
aagatctaccattgetctat 3') F1 OsW89Pf1188(5’ caggtacc-
gattaaagttaatattggcac 3') 73 4l 5 = 1] 51 %) OsW89Pr
BCXF 1 ATG _E3jF 345 bp, 638 bp, 1 093 bp, 1213 bp
11188 bp Jr B, % OWSIPL345, OsW8IPL63S,
OsW89PL1093, OsW89PL1213 F1 OsW89PL1188
WA 1a).

T4 LL pCam-OsWS9P Jii ki Ay At , 514
OsW89Pf I OsW89Pr # i 4= 1< J7 5 1, [l i
PCR ¥ H Pst 1/ BamH 1 B§VIJG (Pst T A 8T
P BRI AL ), [ 120 bp )3 8h 1 F B 7
F| pCambial301 #4735 OWBIPLI19(K| 1a).

1.3 OsWRKYS89 /2 5hF 120 bp X3 5R 5K # K HY
i

LA OWS89PL1470 J5i ki A B4, FH IE [ 5] 9
1213Bamf (5’ attggatccaagatctaccattgetetat 3') 1 J [7]
519 1093Ecor (5" attgaarictggattattactagettagtg 3’ )9
OsWRKY 89 J35)I T ATG _[¥jf-1 213 bp %—1 093 bp
X [A]1# 120 bp J1 B, PCR =415 Hl EcoR T/
BamH 1 H3V), 5 Cam-GBS-GUS(iZ# /47 GUS
5¥EFA 2 6754 CaMV35S mini promoter) X 4
B, i Cam-OW89Pd120-mip-GUS 44 (i Bk
Pd0). 4R J5 LA PO T kL b B AR, FH W El )
1093Ecorl (5’ attgaattcaatctgttggattaatcttgt 3’ ),
1093Ecor2 (5' attgaattccgagcaaacgtgcatattage 3'),
1093Ecor3 (5’ attgaaticcttgattaattgtgccaatat 3’ ),
1093Ecor4 (5’ attgaatictaactttaatcaagetataga 3') 73 7l 5
1E M 514 1213Bamf FC X 974, ## Pd1, Pd2,
Pd3 i1 Pd4 AR (K 1b), K13 OsWRKYS89 JA shf
120 bp v B () & A Wk R Bk, B Pdl -1 213 bp
%1113 bp, Pd2 j-1213 bp £ -1 135 bp, Pd3
H-1213 bp £ -1 158 bp Fl Pd4 Jy-1 213 bp &
-1 179 bp.
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Fig. 1 Diagram of rice OsWRKYS89 promoter constructs

There were two groups of Os WRKY89 promoter vectors. (a) Series deletion of the 5’ ends of OsWRKY 89 promoter and each fused with gus reporter

gene. (b) Deletions of the 120 bp fragment of Os WRKY 89 promoter and each fused with 35S mini promoter drived gus gene.
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Al I, BL PO J5URE by BE AR T IE 1) G514
1153Bamf (5’ attggatccaatatgeacgtttgetegac 3 ) Hl %
5] 514 1093Ecor 4" % OsWRKY89 J3 51 ATG L
JF—1 153 bp £ -1 093 bp X 7] 60 bp F B,
Pd5( 1b).

1.4 OsWRKY89 & T ERR HAREE LK FE

IKHE OsWRKY89 JA 8] 1 R B 8 K 3 4 2 [
Hiei S5 7V AREAT KRG HEAL. Hor OWS9PL119,
OWS89PL345, OWB8I9PL638, OWS89PL1093,
OWS9PL1213 1 OWS9PL1470 %% 1k /K #% 75 /K 11
(SX11); OWS89PL1188, Pd0, Pdl, Pd2, Pd3,
Pd4 11 Pd5 #AL /KRG AR 17(ZH17).

1.5 p EREEREBENS5E8RNE

JKAE B il B F M2 I (beta-glucuronidase, GUS)
ALUL 5B MG 926 I & 2 [ Jefferson 451
(7%, BT BRI E 2 B Bradford 77740,
1.6 UV-B &3BKFEE R

HARO6 ARG 3 4 e i B AR A ZH1T B
UV-B A3 15 min(FH M 6 A0 B A R 0 ) J5 i 85
7% 6 h PUFf, BT 3 kAW E S . H Triozol
(Invitrogen 7~ 7))HE B RNA, ] RNeasy Protect
Kit(QIAGEN 2 ) 4lifk &2 RNA. L HPLC 4l (1)
T7-(dT)24 Primer(4 H GENSET 2 )/ Ay i %4 5%
51416 B cDNA, ffiF] RNA Transcript Labeling Kit
(Affymetrix 23 w)) ARSI S (IVT) ) 75 24 189 FF AR
il cRNA BR45F. bRl i IR 5 Affymetrix 24 7] 1)
KRG A e 2 5 % H R 5 F (GeneChip Rice
Genome Array) 317244, O F FI KR GSI
Lumonics 24 & ScanArray R41. £ 3 IRAEY)2-E
b P <0.002 HSZ56 A SRS T 50 HEZH A il )
ARk ik 4 7% L E(Signal Log Ratio =2) ) 2&
R 3hFREAT T — 20t A Afffymetrix 2 v
WA st BE 473 PAT 0 D) RE TR
1.7 3SR

il 3k NCBI %4 BLASTn 3513 UV-B i5 S %
KE ATG L3 1500 bp ()3 80 751, JF4E
PLACE (http://www.dna.affrc.go.jp/PLACE/signalscan.
html) F1 PlantCARE ( http://bioinformatics.psb.ugent.
be/webtools/plantcare/html/)BEA TG e N e, 16
MEME (http://meme.nbcr.net/meme4 1/cgi-bin/meme.
cgh)BEAT AT IO AT

2 ZERESMH

2.1 OsWRKYS89 £[A 120 bp B3 FXIEES UV-B
BESEMN

Wk R AT, SR OsWRKY 89
SLR R 87 5" vl 7 0 Gl Ok B AR FE AL K XSTT 11
BESLDRPRL, XF 21 RI\ T2 R4l &0k R KR40
BT UV-B A2, 2087 TAEE B 6 h AE 53
7Sk, dl a6 OW89PL119, OWS89PL345,
OWS89PL638, OWS9PL1093, OWSIPLI213 Al
OWS9IPL1470 %5 6 /™ 444 JE DR 7K A 1) 53 A1 A3
OWS89PL1213 A1 OWS9PL1470 Jii 5l 1 BEANX A
A MR, 8 HAT 2 %20 B UV-B
% S0 M, SR OWS9PL119, OWS9PL345,
OWS9PL638 Fl OWS9PL1093 % 1 [t 4 5k [A /K e EL
AWARM AR IS, 1 HJL T34 UV-B % 31
GUS W& 2, 4iRAR5e5oR). BrLLik hKiE
OsWRKYS89 Kl J3 3 v ATG L i -1 213 ~
-1 093 bp Z [A] ] 120 bp X I A7 1E UV-B 7 A1
(I AE T
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Fig. 2 Response of series deleted Os WRKYS89

promoters to UV-B treatment
Transgenic rice seedlings of OsWRKY89 promoter with different
deletions were treated with UV-B for 15 min. GUS activity of the
promoter-gus fused gene was examined 6 h post the treatment. Two
representative transgenic lines for each construct were shown. J:
OW89PL1470-1; 2: OWS89PL1470-2; 3: OWS9PLI213-1; 4
OW89PL1213-2; 5: OW89PL1093-1; 6: OW89PL1093-2. 0: CK; MI:
Ubh.

2.2 OsWRKY89 BzhF 120 bp FHIHH

7t PlantCARE ¥4 b 47 6 N e 48 2
AT 210 MLECHIZE R, W& 50 ZAAFZEARUE
oot B RN TCAFRIER e N oo, Hrp
G-box (CACGTG). GT1-motif(GGTTAA). GATA-
motif/I-box (GATAG/AG) %5 o Lb B 57 . KA
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OsWRKYS89 Ja 31+ 120 bp JF 4 X 3 B4 UV-B i
SE M, ol i PlantCARE H1 PLACE ¥ 3k 23 #7
120 bp X3P LI SN AH ST IR 43 A 1 L.

7E 120 bp X184, PlantCARE % &1 53576 M 7
fF, b G-box AN TG, Box-4 #2506
¥ PLACE #AFILRILT 19 Koot Horp 24
JUPE S 5 N A S ACE®VRYS(T/GBOXATPIN2,
AACGTG) Hl MRE®"r1% (RBCSCONSENSUS,

AATCCAA), 1 T fE & 56 |k M 1% ot 1
MYBCORE(CNGTTR). B 753 i 1 72 $l v I 4% 5%
K ¥ ANACI3 )& 3) v & UV-B fE H Jt 1
UVBox“MC3 (§%.0 J5 5] CAAG)U B #E OsWRKY 89
JA BT 120 bp JPA X kR I 2 k. AR IE)T S
HTEER(E 3), 0sWRKY89 J3 8T 120 bp [751 X
WO RN IO, IRATRES UV-B S50 R N
FHEK.

1 AAGATCTACC ATTGCTCTAT AGCTTGATTA AAGTTAATAT TGGCACAATT AATCAAGGCT
61 AATATGI|CACG TTTGCTCGAC AAGATTAATC CAAICAGATTC ACTAAGCTAG TAATAATCC

Fig. 3 Analysis of cis-elements in the 120 bp fragment of OsWRKY89 promoter
The results were obtained from PLACE, PlantCARE and MEME web sites. "CACGTT" framed presents ACE*"*%(G-box (ZM)/ACE-box); ATCCAA
framed presents MRE*"*"$(RBCSCONSENSUS/MRE-box); Italic "CAAG" shows UV-B box (AT); Shade box "ATTAAT" shows Box4 (PC); Letter

underlined presents the conserved sequences from the promoters of UV-B induced genes by MEME with parameters of maximum motif width: 50.

2.3 OsWRKY89 HJ 120 bp /331 F ik REEEF KFE
B UV-B iESE M

¥ T OsWRKY89 % N 3 3 + ATG I Jif
-1213~-1 093 bp Z [A][1] 120 bp X k{77 UV-B
HEouE, M BRI ET S
CaMV35S 13 3 T IK BN 1) gus FE DRl & 8k, FF
AL KRG ZH17. ik PCR ¥4 Pdo, Pdl, Pd2,
Pd3, Pd4 FI Pd5 % DA 24 AR KR -y 25k D] 41 1 )
HBERAPIT R B KIS KRR BB R
HARPUERR, FNBEEY BB, U
AN A 31 P B O Dl e KRB (45 R R 8.
X} B RIK A AR 35T UV-B 402 15 min )5,

12000

mg™)

£ 10000}
8000 -
6000 -
4000 H
2000

GUS/(pmol+min™!

0

THEREFE 6 h A1 18 h Ja HUOFE M GUS 3 PE. A
BRI EE L R RE 20 10 Sk R T GUS a1
AT (B PA3 AUH 4 MER), EFEREAEEK 2
AMMCEMERE RER(K 4). 45 7%&W], Pdo, Pdl,
Pd2, Pd3 FI Pd4 155K KK ARG 2 AT — e (1 41 Y
R, HA A2/ 2 51 UV-B 3t R
Pd5 FIEDK BRI — 8 4 v, AR
H UV-B S0, nae SR EA CarLR
NICAH K. 8 UV-B -3 ICH e T Pd4 J3 80+
36 bp Ji XX (AAGATCTACCATTGCTCTATAG-
CTTGATTAAAGTTA).

/12 3 4 5 6 7 8 9 10 11 12 13 14

6/10 7/10 6/10 3/4 7/10 8/10

Fig. 4 Responses of OsWRKY89 promoter fragments to UV-B treatment
Leaves 2 cm in length from different transgenic lines were placed onto 1/2 MS culture medium for 24 h under white light and irradiated with UV-B for
15 min. The treated leaves were kept in the dark, then harvested 6 h or 18 h later for GUS activity assay. GUS activities of two representative transgenic
lines for each construct were shown. CK means control without treatment; U6h and U18h for the samples collected 6 h or 18 h after UV-B treatment. In
addition, the ratio number below the construct means the amount of transgenic lines with similar trend under UV-B radiation. 7: OW89PL1188-1; 2:
OWR89PL1188-2; 3: Pd0-1; 4: Pd0-2; 5: Pd1-1; 6: Pd1-2; 7: Pd2-1; 8&: Pd2-2; 9: Pd3-1; 70: Pd3-2; 1]1: Pd4-1; ]2: Pd4-2; 13: Pd5-1; 14: Pd5-2; [: CK;
[O: U6h; W: Ul8h.
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SRR 2y B OsWS9PL1188 #5 3L [K T1 AL /K g
T UV-B 4 #J5 6 h #1 18 h (5 sh oG, KM
OsWRKY 89 3N 551 1 ATG L 1 188 bp X4k
HAEA UV-B 2 4), Proldt—»0 %
OsWRKY89 %& X JH 2l 1 ) UV-B i 5 X 4ii /b &
~1213 bp~ -1 188 bpZ [A] ] 25 bp X I (AAGATC-
TACCATTGCTCTATAGCTT).
2.4 KTEHI UV-B EER BT

EH UV-B AR BKAE SR A0 o, 3 5K IR )
B SR FIE 4 5 0L B 3E N 28 N (K ST, WM&
W B} 3%, http://www.pibb.ac.cn/cn/ch/common/view
abstract .aspx?file n10=20090666&flag=1 ), i il
NCBI 3k £33X 28 A5 K Bl 3 i 4R 47 A0 ATG [l
1500 bp 8P4, # 28 A~ UV-B 3%k
B85 0sWRKY89 I¥1 120 bp )i 8 1 7 41l

; LTILZ;QIQCAAT

1 23 456789012345

Bits

MI1: [TAJ[AG]CTTG[GTC][TCA][CTG][TG][CG]CA[AC]G

$¢48 MEME W uli, 230k #4374 minimum motif
width: 6, maximum motif width: 50, FI number
of different motifs: 50. 234745 5 A ILIX LR A 5
FIF 5 5 ANHR LR AR (E-value < E+20) 171X
W X E AR 2 Do E 5. Ml
(7.00E-10) i1 J5* %] 24 [TA] [AG]CTTG [GTC] [TCA]
[CTG] [TG] [CG]CA [AC]G, X} . OsWRKY89 It
120 bp A 81 68 & 82 (M Ik, 1% IX i 55 2 M)
R ER LU DR ~F DG N T G & (CACGTT) A
M7+ UV-B R W JGfF UV-B £ (CAAG); M2(2.40E+
06)[J 341l CT[TC] [CT]TT[CG]C[CA][CT]T[TC]
[TC][CT]C XN OsWRKY 89 1] 120 bp Ji s 2 &
16 IXIR(E 5), (HAFE A %X G TS Fik
] 25 bp /K1 OsWRKY 89 %N J5 3+ UV-B X W
XAHE .

Bits
—1
—]
N \40
N

M2: CT[TC][CT]TT[CG]C[CA][CT]T[TC][TC][CT]C

Fig. 5 Analyses of cis-elements exsited in the promoters of genes up-regulated by UV-B treatment

The Logo resulted from MEME software presents the frequency of nucleotides in the 120 bp of OsWRKY 89 promoter and the promoters (1.5 kb in

length for each) of 28 rice genes up-regulated more than 4 folds by UV-B irradiation.

3 it it

LR L AU PR BR SR 1] UV-B 4 S 1 DG
K7, B DAL RERE e, 542 IEAE AL i,
SEFAMERF K UV-B 485 855, UV-B4E 5
R KRE . EEAIEA, HERA R
HERRGI0, KPR UV-B 885 & 5015 5 4
FHUHBEEE R N F, XL N T TATART 011
FeBZ AR, 1 HRY K DNA #5538 4%, Frbh
WFFE UV-B a5 B 1 55 1 S R 42 1) g e LA
HEEE L.

T I 7K A OsWRKY 89 F:[K 120 bp JH 811X
WS M AUNACI3 A3 T 1) UV-B 2 WX Wi
ITLLEAHT, KFE OsWRKY 89 F: K 120 bp JH 81
X 3L AtANACI3 J5 311 UV-B %56 )= W76

. LRI IT MREVCS 1 UVBox VS AN TTAA7
BT, AR 3 SBR[ AR A 2
UV-B 5§ ANACI3 s KRIE BT HF M. 1&
OsWRKY89 %& A 120 bp Ji 5) 1 1 MRE®"F® Al
UVBox™B 7 [i] b, H (] B 4 A0k, Akl o+
AtANACI3 JA 8§ UVBox'M3 fi - MREMES ]
ACEMs (A, OsWRKY 89 )3 8)) 7 UVBox!Wes
A7F MREMWRS 1 ACEOV A 7 [i] . {HAF — 211
&, R UVBox"™We3 Jo AL KR OsWRKY 89 JA
G ESHIL, Ao KR OsWRKY 89
KW UV-B S5 4 IS A RERFST.

IR TO AR DG T 45 L R W R 313 ki A7 L
XFF G 3 0 G PE 2 L T 1. {E PlantCARE
B FEARAE 50 Z2AARIZRAD )R N Ao HE, A
506 B W T A R 4y O B e, o G-box
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(CACGTG). GTI1-motif (GGTTAA). GATA-motif/
I-box (GATAG/AG)%5 JLHFLL B AR 51, 1 Z-box FlI
H-box ZEA RIPI R K P AL SR, fERIRIT K
7 KA UV-B R Y I R AT 30%5 5% A 110,
F L SR AE R ) UV-B [N R 4% 5 ZE )
ER. BRI ST HYS, CIE UV-B MY 1% 5%
T B M I ANACIZ®, AtMYB4 " Rl K F5
OsWRKY 89", s K1 AtANACI3 JA 3§17
7t UV-B 5 715 S 701 UVBox™A3 (CAAG)H. A
SEE N UV-B 55 OsWRKY 89 & K )i 8 1 N F,
WIS B 575 K Bl 2k 4% H UK R AT 5T
KK FE OsWRKY89 % I i 8 7 ATG 1 i
-1213~-1093 bp Z [H] 1] 120 bp X k{77 UV-B
P AR AE ot SGE 4 HTiX 120 bp
B R AR R R OK R M R, R
OsWRKYS89 % K 5 3 11 UV-B i & X i T
-1 213 ~-1 188 bp Z [i] ] 25 bp X 1 (AAGAT -
CTACCATTGCTCTATA GCTT), %X %A K
CRIE AR R Y o tE, SR IT AtANACI3
J& 31 ¥ ) UV-B % 7 JC #F (CAAG). Jit LA /K F&
OsWRKY89 F:[K Ji 2l 1~ I UV-B Jx I [X [#] B, 25 7T
PR UV-B W oot

Bugt R AR S Y AR AR A R R
AR S A R AE R 3 53 PRSI P 45 T IR S REAT
.

s % X W
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Identification of a Novel cis-Regulatory Element Region
Responded to UV-B in Rice WRKY89 Promoter”

ZHAO Chang-Jiang"”, HAO Zhong-Na®, WANG Hai-Hua?, CHEN Xu-Jun", GUO Ze-Jian""

(" Key Laboratory of Plant Pathology, Department of Plant Pathology, China Agricultural University, Beijing 100193, China;
2 Institute of Plant Protection and Microbiology, Zhejiang Academy of Agricultural Sciences, Hangzhou 310021, China;
9 School of Life Sciences, Hunan University of Science and Technology, Xiangtan 411201, China)

Abstract OsWRKYS89, a rice WRKY transcription factor gene, is induced by UV-B radiation. To identify the
cis-elements in the OsWRKY 89 promoter related to UV-B response, the promoter and its deleted fragments were
each fused with gus reporter gene and transformed into rice calli. The transgenic plants regenerated were used to
analyze their responses to UV-B irradiation. Finally, an UV-B response cis-regulatory element was narrowed to the
region of 25 bp between —1 188 and -1 213 upstream the translation start site of OsWRKY89 gene, including
nucleotide sequence of AAGATCTACCATTGCTCTATAGCTT. Through analysis of the promoter of OsWRKY 89
and 28 genes up-regulated by UV-B treatment, two relatively conserved UV-B response elements in the 1 500 bp
protmoter region studied were located. Coincidental, the 25 bp of OsWRKY 89 promoter contains one of the
conserved elements. Furthermore, several conserved light-response elements including ACE*"¥Y% MRE*Vk&Y$ and
UVBox*ME5 were also found to adjoine to the 25 bp UV-B response region in the OsWRKY89 promoter,
suggesting they together play roles in regulating the light responses of the gene.
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CACAACAGCG AACTAAAAAC GACACAGTAC
ATGAACAGAA GGGCTGTATT CCTTCTTGAC
TAAAACATCC CAGTTACTAC ATTCAAAGAA
AAGTTCCATA CAAGAAGAAT AGCAAAAAGA
TTATCTTTTT TCCCCCTTAG ATGGTTGGCT
GCTCTATAGC TTGATTAAAG TTAATATTGG
GCTCGACAAG ATTAATCCAA CAGATTCACT
ACCAGATAGG TGTTTTAATT GGAAACAAGA
TGCCGGCCAG CCGATTGGAA CAATTGATTG
CTATTCAGGG ACCAGTAACG AGGGACAATT
CACCAGAAAA CCAGAGCAAT TTTTTGCATC
GCACATTTAT ATTATGGTAA CTAGGTCTGT
CACAAGTGAC CCCATCCATA TCCTCCTGAT
TATCAGTTAT GGTTGGATGT TGTAATTTCA
GGTTATTGAT AAATCGCTTT TTTTCTTGGG
GTTTATATAC ACCTCTTCAC AGTGATAATA
ATACATGCAA TCTCAATGGG ATTATAGTCA
CGGAAAAGGG AAATTTGTTT GTTCCTCTAC
CCAAACTTCT TTTAGGATGA AGTTCTGAGC
ATAAAAGAAA ACACTGATGC AGGCTCTGAC
CTAGAATAGA ACCCATTTTT GCAATTTTTT
TGTACTGGTA TTTGATAATG ACCTCACTTC
AATCTCAATT CCTCCCATCA TGGTGCTGCT
GCTGCAGTTA GCTAACACCT TCTGCCCTGA
ACTCATAAGA TGAAAATTCT CGAATCTTTT

TGGAGTACAT
TCGCACGGTC
GCAAAAGATA
TAAAGCCATA
TGGACAGATA
CACAATTAAT
AAGCTAGTAA
AACATGCTTG
CGTTCCATTG
TGTGGTCTCC
CACATATGAT
CAGCCAACAA
CATCAAGTAC
TACACAGATA
CTGGGTCTGC
TGATAAATAC
CCCAATATAC
TCGATTACGA
AAAAACTTAA
GTAAGATATA
AGAGTTACAT
GCTAGACTTT
GCTTGCTACC
CTATCATAGC
GGTCATAGTG

CCATCCGAGC
ACGCCGTGTT
TTGTTACTAT
GCTGGATTGA
TTACGAGAAG
CAAGGCTAAT
TAATCCACTC
AGTTAAACTA
GAGTCAAAGC
ATATATCTTC
GTGGAATGAA
TCACAGGAAT
AAACAGAAAC
TTTTTTTAAT
TGGGATTTAT
TCCATAGAAG
AAAACAAATT
TGTTCCTGGA
CCTTTTAGGT
TGTAACTCAG
CTGGCTCTCA
TGTTGTGAGA
GGTATAAATA
CACATCTCTA
ACTGTCAAGT

ATGATAGAGCACCAAAAGGCTCTCATGGTGGAGCTGCGTGGCATGGTCATG

M I EHQKALMVETLTRGMVM

Fig. S1 Promoter sequence of rice OsWRKY89 gene

TGCTGTCAAA
TTCGATGGAG
AATTTATTAC
ATTTCCCCTT
ATCTACCATT
ATGCACGTTT
GATCCAGAGT
AAAATTAACC
AAGCATGTCC
TCTCTACAAC
GCAGCTGCTC
CATTCCTAGC
GTTTTTCACC
GATATGCTCA
GTTTACAATT
AAAAGATAAT
TTCTTTGTTC
GTAAATTTCT
ACTTTCACTA
GAGAGACATC
GTCATAAAAT
ACATTTGAAC
TATGCCTAAA
TAATAGACAA
AGTGATCAAC

The promoter sequence of OsWRKY 89 genes with 1.5 kb upstream of the predicted translation start site ATG was located between 60753 and 62253 in

clone number AC123514 in NCBI database. The underlined sequences are partial coding region of OsWRKY89 gene. The shading region shows
promoter region (120 bp, -1 213 to -1 093) induced by UV-B radiation.
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Table S1 Genes up-regulated by UV-B treatment from Affymetrix chip analysis

TIGR Function Average Log Ratio EX1 EX2 EX3
LOC_0Os01g50110 Myb-related protein Hv33 7.1 9.6 7.6 42
LOC_0s09g27930 UBiQuitin family member 5.8 6.3 6.1 5.1
LOC_0s04g53606 Hypothetical protein 5.6 6.6 49 5.4
LOC_Os10g38340 Glutathione S-transferase GSTU6 5.6 8.8 3.6 43
LOC_Os01g17330 Eukaryotic translation initiation factor 6 5.5 6.7 42 5.7
LOC_0s01g32670 Expressed protein 5.1 6.1 4.6 4.5
LOC_0s04g12970 Hypothetical protein 4.6 6.4 3.6 3.7
LOC_0Os07g41460 Flavonol 4-sulfotransferase 4.5 5.9 3.9 3.7
LOC_0s01g40290 Expressed protein 42 5 3.8 3.9
LOC_0s01g52470 Elongation factor 2 4.0 4.5 4.2 33
LOC_0s03g57640 Gibberellin receptor GID1L2 4.0 5.2 3 3.7
LOC_Os11g30290 Hypothetical protein 3.8 4.1 2.4 5
LOC_0Os01g72140 Glutathione S-transferase 3.8 3.6 3.8 4
LOC_0Os12g08930 Expressed protein 3.7 5.4 32 2.6
LOC_0s02g36530 Expressed protein 3.6 4 3.5 32
LOC_0s03g62480 Anthocyanidin 5,3-O-glucosyltransferase 35 42 2.9 35
LOC_Osl1g10470 Expressed protein 35 4.1 32 32
LOC_0s09g27040 GEX1 3.5 4.7 2.9 2.8
LOC_0s01g43740 Cytochrome P450 72A1 34 4 3.7 2.5
LOC_0s06g39240 Endothelial differentiation-related factor 1 32 44 3.1 22
LOC_0s08g05970 Expressed protein 32 4.1 2.9 2.5
LOC_0s06g05410 Expressed protein 2.9 39 2.2 2.7
LOC_0s02g37320 ATFP4 2.8 33 23 2.7
LOC_0s01g53350 Anthocyanidin 5,3-O-glucosyltransferase 2.5 34 2 2.2
LOC_0s02g12900 Cysteine synthase 2.3 2.4 2.3 2.3
LOC_0s02g18180 ATP-binding cassette sub-family E member 1 2.2 2.5 2 2
LOC_0s05g45450 Nuclear protein 2.2 2.1 2.4 2
LOC_0s03g05700 Expressed protein 2.1 2.2 2.1 2.1

Their promoters were used for searching the conserved UV-B responsive elements.



