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Abstract: Using RACE and RT-PCR techniques, a novel member of WRKY gene family, named as HbWRKY1,
was isolated from H. brasiliensis. Bioinformatics analysis showed that the full length cDNA of HhWRKYI
was 1234 bp, containing a 912 bp open reading frame and encoding 303 amino acids. The deduced amino acid
sequence was highly homologous to WRKY proteins from Ricinus communis and Populus tremula % P. alba
by 79% and 73%, respectively. The HbWRKYI was constructed into pPCAMBIA1304 expression vector, and
transformed into tobacco (Nicotiana tabacum) mediated by Agrobacterium. Sixty-five hygromycin B (Hyg)
resistant regenerated plantlets of tobacco were selected. PCR detection indicated that all the Hyg resistant tobacco
plants contained the alien HbWRKYI gene. It confirmed that the over-expression of HbWRKYI1 under drought
stress could obviously enhanced drought-tolerance of transgenic tobacco plantlets. Therefroe, it suggested that
there were relationship between WRKY gene and drought tolerance of Hevea brasiliensis.
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ATGG AAGGGAAMG AAGAGGTAAAG ATTGACAATATTGT T6GATCGTCAACAT TTOC TGATAATACTCAGAGCAGT 75
M EGXKEETVEKIDUNTIVGSSTFPDIHNTQSS
TATOCTTTOC AGGGTG TATTTGATT IC TG TG AAGGAGAT AMG AGC TCGTTAGGGTT TATGGAGCTACTGGGTATG 150
YPFQGVFDFCEGDE KSSLGFMELLGESGHN
CAGGACTTCAGTGCTTO0G T6T TG ATATGC TTCAGGTACCATCTG TG TGCAMOC TGCAGCTICTAATCCTG TA 225
QDF SASVFDMLQVPSVVQPAASNEPEPYVY
GC AMC ABAGA TGG AATOGCCAG A5G TG TTG AATCAGOCTGCAACTOC TAACTC TTCGTCGAT TICCTCAGCCTOC 300
ATKMESPEVLUNQPATPNSSSISSAS
AGTGATGC TT TAAATG ATG AACOGG TTAMGG TTGOGGATAATGAGGAAGAAGAGCAGCAGAAGACCAGGABAGAG 375
SDALNDETPVYEKYADNETEETEG®QQEKTREKE
GTGAGTTTCAATGCTATTT TTGCTT TTAATTTTAQG TTTAMG TTAAAOOCAC T TGAGAAAMACATGGGGCATTTC 450
ACTTTTTGGT TTGCGT TTGGTG TAATGCTTGGGGATOOCCAT TOG ACGAS TAATTAAGAAGAACAGAAGGGTCTA 525
TTTTG TTATAAGATTTGAACTTGAAGATTTGATGGTTTT TG TGCT TG TTTC TAGTTGAAGOCCAAGAAGACAALT 600

LKPEKEKTHN

CAGAAGAG AC AGAGAG AGCOGAGAT TCGCATTCATG ACG AMG AGCGAAGT TGATCATCTGGAMATGGGTACAGA 675
Q KRQREPRFAFMTEKSEV VDHLEDGSGT YR
TGGAG AMAGT AOGGOC AGAAMGCTG TG AMAAAT AGCOOC TTTOCT TAGGTACTAAC TTCAATGTTAMCCAATTGC 750
WREKJYGAQKAVEKDNSTPTFTP
AGTICTTTOC ATTATGOGG TAATTT TT TAG TTCATATTTGTT TATAT TTTGG TOCABATATTGATAGG TTTGGCT 825
TG TTTTGGCT TTTGAT TTAGGAGTTAC TATCGT TGCAOCAGTGOC TCCTG TAATGTGAAGAAGAG AGTAGAGAGA 900

RSYYRETSASENVEKEKRYEHTR
TCTTTCAG TG ATCCAAGCATAG TTG TG A0C ACC TATGAAGGCCAACATACCCATOC TAGOGC TG TCATGGOOCGT 975
SFSDPSIVYTTYEGQHTHPSAVNA AR
OCAMGCTT TACTGGAGCTGCATCAG 4G TCTGGT TTCTCTACT TICTGC TTT TGCCATGOCAATGCAAMG AAGATTG 1050
PSF TGAASES SGFSTSAFAMNPMQRE RL
TCACACTT TC AGCAGC AGC AMC AMCOCTTTC TCAATAGC TTCACAGCTTTGGG TTTT6G TTATAAAGG AAACACG 1125
SHF QQQQQPFLNSFTALGFGYEKGNT
AATGCTACTT TTC TACATG AGAGGCGC TTT TGCAOCAGCOCAGGG TCTGATT TGCT TGAMGATCATGGGCTICTT 1200
NATFLHERRFCTSPGSDLLETDHGTLITL
CAAGACAT TG TOCCTTOOCATATGC TAAMCG AGGAG TAG 1239
QDI VP SHMNLIENEE =

1 HbWRKY R AFRT A B P 09 BIER 9. RIZEHE5 NI A BB WRKY 50 7 AN % P 19 B MR K C2H2
BEASAEH

Fig. 1 Nucleotide sequence of HbWRKYI and deduced amino acid sequence. Two introns are signaled by underline, a conserved WRKYGQR amino

acids sequences and a C2H2 zinc finger domain are shaded in gray.
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FF (NP_182248) . K G (ABC26920) ., Ktk (EEF47235)
1 5 44 2 (Solanum tuberosum, ABU49723) ) WRKY
- EA B 0 R, #8EA — A ) WRKY
SEFIEA—~ FLYWCH 4FE 45458 (A 3).
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Fig. 2 Sketch map of HOWRKY'1 transcription factor domain
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STURKY L84 YK . DIKMEDHHPHNY. . . . . . FIDNNNFG....VINHSLIS.DYNINTS ‘"iug§LeFHQDFYSSAS 58
HEWRKY1 VFDMLQVP. .SVVQPAASNP. .. .VATKMESPEV 112
ATWRKY TQPSAKLSSSIIQAPPSEQLVTSKVESLCSDHLL 133
GMURKY LLELPQLSTVSVQSHHHSTVTVP . SDNGKECSEV ‘H 126
RCWURKY VFDTLQLPSTTMQQPPATNNSPAVVVTKMESPEVFN . 127
STWRKY VFELPKEENYCPAVCVSEEEEVK. PSSVAPESQI 126
chromatin protein
HEWRKY1 181
ATWRKY 202
GMURKY 195
RCWURKY 196
STWRKY 196
HEWRKY1 GVVHAQPSFTGAASE .3GFSTSA. . . FAMPMORRLSHF 246
ATWRKY ’LTsﬁpISTGGFFGSSGAASSLGNGCFGFyIDGSTLIsp 272
GMURKY ‘VHPRSVVSSGYANNFASVLPLG .NYLSQYQQQHHH 262
RCWRKY - MPRPSFVGAASE .SGFSATN. FAM?MQRRLSLY 261
STURKY J;MNMMMSRP ........ NCYPIN...PLLESPGAFTLP 255
HBWRKY1 QOPFLNSFTALGFGYKGNT. . . MATFLHERRFETSPGS. . ... L 303
ATWRKY FQQLVQYHHQQQQQELMScFGGVQEYLNSHANEYGDDNRVKKSRVLX 337
GMURKY QQKLLVNTLSSLGFPYNDSSSPKﬁév ‘ 323
RCWRKY PQOPFFNSFSPLGFGYNSTT. . . NAls 317
STWRKY FNINQSFNYLAMNNOQLDH..... LAFVAQG FQSNTEH 311

3 W) WRKY FEPRI 1 A2 SR 7 41 LA

Fig. 3 Comparison of deduced amino acid sequences of WRKY among plants
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Fig. 4 Phylogenetic tree of WRKY
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2H DNA 7] A9 14 11 5 pCAMBIA1304-HbWRKY 1
JERL AT HE 7 ) K — B RE R R, PR R
90.3%( &1 6), UIE BH 33X SEAE B % HbWRK Y13 K 11
JHEFERE . BT PCR Ry BB S B TG e
HPHME I A RR S 2 Ul H LR C b kA
AR R A T — P B E .
HbWRKYI1 i3 £ & i& 3t F £ B8 B9 fig Kz

F) Fl RT-PCR 7 AR X HbWRKY1 () 3% 15 5 1 o 47
ST, 5 R FEI, ABA Al PEG6000 4t BRAENS S
HbWRKYI R KR B AR LK), ABA fER—Fh
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5 BEEEDIARC AR AR . A B: FHE R AHIIERR L 5 C.D: Fefbhibkiioe.

Fig. 5 Transgenic tobacco plantlets. A,B. Hyg-resistant selection of transgenic callus and buds; C,D. Culture of transgenic plantlets.
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750 bp

500 bp

250 bp

100 bp

6 % HbWRKYI 3:FMHERIBRN PCR K, M. Marker 2000; 1. BITEXT AR ; 2. FHHXTE 5 3~10: #{bAtitk,
Fig. 6 PCR identification of transgenic HbWRKY tobacco plantlets. M. Marker 2000; 1. Negative control; 2. Positive control; 3—10. Transgenic plants.

R EAEH . AR T TR0 SR, A (K 7a); MK 58K 20 d J&, HbWRKYI 14 F ikl
HbWRKY1 3f 0 & k%6 T 506 1) i B, 5258 PRA R T ADH:, Xt A AR AR IR E T AR K (1
s L], T AP 15 d 5, HPWRKYI it 5% HAK A5, HAEM gl (B 7). X EL50He 4
TRAFAR B A AR TE 7 T X BRI DU 8 0 25355 RRW, HPWRKYI o i A BRI s AN 7o+ 12
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*t/® (Control)

7 TRIPBEX HbWRKY] SRR . a: TEALHL 15 d; b: EHK 20 d.
Fig. 7 Effect of drought stress on over-expression of HhWRKYI tobacco plants. a. Drought stress for 15 days; b. After re-water 20 days.
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