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Abstract ; HOWRKY is one of transcription factor gene families in Hevea brasiliensis( Willd. ex A. Juss. ) Miill.
Arg. ,and these family members are involved in the physiological and biochemical processes such as gum produc-
tion, senescence and stress resistance of Hevea brasiliensis ( Willd. ex A. Juss. ) Miill. Arg. . Treatments by any of
phytohormones ( such as ethephon, jasmonic acid and salicin acid,etc. ) , pathogen infestation or mechanical damage
could result in the changes on transcriptional levels of HhWRKYs. At present,most members of this gene family have
been cloned and analyzed,but the physical location of these genes on the chromosome has not yet been determined.
In this work ,by employment of FISH and in situ PCR techniques,we determined the physical positions of ten Hb-
WRKYs (HbWRKY1 ,HhWRKY2 ,HbWRKY3 , HOWRKY4 , HOWRKYS5 , HhOWRKY7 , HOWRKY9 , HOWRKY11 , HOWRKY27
and HbWRKY75) in genotype ‘ Reyan 7-33-97’. The results showed that HhoWRKYI and HbWRKY4 were on the
short arm of chromosome 9 with PDCS ( percent distance from centromere to the signal site) 57.38 and 4. 57, re-
spectively. The gene HhWRKY5 was on the long arm of chromosome 9 with PDCS 31. 67. The genes HbWRKY2 , Hb-
WRKY3 ,HbWRKY7 ,HhWRKY9 ,HbWRKY11 and HbWRKY75 were mapped on the short arms of chromosomes 8,3,
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4,10,2 and 7, and their PDCS were 6.00,12.30,4.40,45.21,5.74 and 26. 11, respectively. The gene Hb-
WRKY27 was located on the long arm of chromosome 6,and its PDCS was 38. 88. The positional relationship be-

tween these genes and other mapped genes was further discussed.

Key words : Hevea brasiliensis; WRKY gene family ; fluorescence in situ hybridization ( FISH) ;in situ PCR;
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Table 1 The primers used for amplifying the HbWRKY genes
BEH 44 Fx BEHFA (B3R5 SIMFHI(5-3") S (bp) P HE K (bp)
Gene name Gene sequence( No. ) Primer sequence(5'-3") Primer length Amplified length
HbWRKY1 GU372969. 1 GTCTTCTTGGGCTTCA 16 1009
CTCGGTTTGTCGGTAT 16
HbWRKY2 JQ914656. 1 ATCTTTGGTTGCTCGTT 17 1036
TTGTGGGTAAGGTCTAATGT 20
HbWRKY3 JQ914657. 1 TATGGAAAGAAAATGCCAGGTC 22 333
ATCCCATTTCACAAAAGATAGAC 23
HbOWRKY4 JQ914658. 1 GATGGGTCAGTTTGCTTT 18 991
TCATTGGTTGCGGCTTGT 18
HbWRKYS JQ914659. 1 TCTGTATTTTCCTCTTGC 18 1084
AACTTGGTCTGCGGCTTT 18
HbWRKY7 JQ914651. 1 AGACTCATCCCACCAG 16 1165
CACAGCCGAGCATTCC 16
HbWRKY9 JQ914653. 1 AATCTCAAACATCTCGCTAA 20 1284
TTCCTCTAAGCGTGGC 16
HbWRKYI11 JQ914655. 1 TTCAGAAAGTGGGATG 16 1257
CTGCCAAGCAACAAGTA 17
HbOWRKY27 KT906562. 1 CCTCTGCCGCCAACACT 17 1266
TCATCGTCGCCCTCAT 16
HbWRKY75 KT906563. 1 CCCCTTTCATCTTCTG 16 323
ACTTGGCTCCTTGTTT 16

(2) BEil A7 PCR FBEE (RECHRATE ) | BV TR
.43 425 x Buffer 10 pmol/L, MgCl, (25 mmol/L)
9 wmol/L, dATP ( 10 mmol/L) 1 pmol/L, dGTP
(10 mmol/L ) 1 pmol/L, dCTP ( 10 mmol/L )
1 pmol/L,dTTP(3. 6 mmol/L) 1 pmol/L,DIG-11-
dUTP(50 pwmol/L) 10 wmol/L, Taq DNA polymerase
(5 U/pmol/L) 1 pmol/L, F-Primer ( 20 pmol/L)
5 pmol/L, R-Primer (20 pmol/L) 5 pmol/L, BSA
(5mg/mmol/1.)5 pmol/L,ddH,0 1 pwmol/L,
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Fr Y FE i Y ddH, O Bl ik T R JEAL PCR 7
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WEOGIRAER

SRR R IE B AT PO R 24 58
R, = HRET 2258 v, B A TBCOR AR I A5 B 5 0L
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10pm

Al A2 A3 5P 5I37R HBWRKY3 JERLE I R PR (5 5008 A4 S BT IR
B1.B2 B3 4l 3/~ HbWRKY75 JERZE M B P15 500 & B4 S BTt R

A1,A2 and A3 indicate the signal positions of the HhWRKY3 gene in the interphase, prophase and metaphase, respectively,

A4 indicates the negative control. Bl ,B2 and B3 indicate the signal positions of the HHWRKY75 gene in the interphase,

prophase and metaphase , respectively , B4 indicates the negative control
BEl1 HbWRKY3 1 HbWRKY75 ¥ 7-33-97 R H L5 RAE K1
R LR PCR ER (RBFLATESHA)
Fig. 1 In situ PCR with HbWRKY3 and HbWRKY75 at chromosomes on different

phase of mitosis of ‘ Reyan-7-33-97’ ( Green arrows indicated the signal )
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A: HbWRKY3 FEPH ) I1S-PCR H 4N fEAZ% A ;B . HOWRKY75 F£H 1) 1S-PCR 1 40 fifa i AL 14
A: IS-PCR karyotype with HbWRKY3 gene,B: IS-PCR karyotype with HYWRKY75 gene
E 2 IS-PCRZEE(ZEELATESMAR)
Fig. 2 IS-PCR Kkaryotype ( Green arrows indicate the signals)
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10pm 0 10pum
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10pm ~ 10pm - 10pum

A1 A2 A3 HbWRKYI (£1) Fl HYWRKY27 (%%) B FISH {55 ;B1 (B2 \B3: HOWRKY2 (%) Fl HBWRKY4 (£1) ) FISH {5
C1.C2.C3:HbWRKYS (£%) Ml HOWRKY11 (£1) %) FISH 155 ;D1 D2 D3 . HhWRKY7 ( £1.) F1 HOWRKY9 ( 4% ) () FISH 1555
El E2 \E3:HbWRKYI (£L) \HbWRKY4(%3) Fl HOWRKYS ( #) Yy FISH {55
Al B1.C1 D1l EL; [M400E; A2 B2 .C2.,D2 F1 2. Wi 120 ; A3 (B3 ,C3 D3 F1 E3 . 4T ; A4 B4 [C4 D4 B4 S BIHEXT AR
A1,A2,A3FISH signals for HOWRKYI (Red) and HOWRKY27( Green) ,B1,B2,B3.FISH signals for HoWRKY2 ( Green)and HbWRKY4 (Red) ,
C1,C2,C3.FISH signals for HhOWRKYS5 ( Green) and HhWRKY11 (Red) ,D1,D2,D3 . FISH signals for HhOWRKY7 ( Red)and HbWRKY9( Green) ,
El,E2,E3.FISH signals for HoWRKYI (Red) .HOWRKY4( Green)and HOWRKYS ( Yellow)
Al B1.C1.D1 and EI ;interphase cells,A2 B2 C2 D2 and E2:prophase cell,
A3 B3 ,C3 D3 and E3:metaphase cell, A4 B4 ,C4 D4 E4 all indicate negative controls
E3 84 HhWRKYs ERELHRAFEMIALEME E FISH &R
Fig. 3 The physical positions of eight HhWRKYs genes at different stages of mitosis using FISH
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A:HbWRKYI ( £1) Fl HOWRKY27 (%%) ;B HOWRKY2 (4%) Fll HOWRKY4 (£1) 5
C:HbWRKYS5 (%) Fl HOWRKYI1 (L) ;D : HOWRKY7 (£1) Fl HOWRKY9 (4%) ;E . HbOWRKY1 (£L) \HbWRKY4 ( %%) Fll HhWRKYS (#%)

A ;karyotype by FISH with HbWRKY1 (Red)and HbWRKY27( Green) ,B:karyotype by FISH with HbWRKY2 ( Green)and HbWRKY4 (Red) ,
C:karyotype by FISH with HhWRKYS5 ( Green) and HbWRKY11(Red) , D :karyotype by FISH with HhWRKY7( Red) and HbWRKY9( Green) ,
E . karyotype by FISH with HhWRKYI (Red) .HbWRKY4( Green) and HbWRKYS5 ( Yellow) cell karyotype
B4 8> HbWRKYs EE ) FISH %2 E
Fig. 4 Karyotypes of eight HbWRKYs genes using FISH
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Fig. 5 Idiogram showing the location of ten HbWRKY genes on genotype ‘ Reyan 7-33-97’
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