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Comparison of the responses of glutathione S-transferase genes in
Bemisia tabaci B to different host plant transfers

He Chao'?, Xic Wen?, Zhang Youjun®

(1. College of Plant Protection of Hunan Agricultural University, Changsha 410128, China;
2. Department of Plant Protection , Institute of Vegetables and Flowers , Chinese
Academy of Agricultural Sciences, Beijing 100081, China)

Abstract The sweet potato whitefly Bemisia tabaci with wide host range is an important worldwide agricultural
pest, causing serious damage to the crops. In order to study the response of glutathione S-transferases (GSTs) of
B. tabaci B to host transfer, the expression of 23 GST genes were analyzed and then the transcriptome data, PCR
and sequencing were used to get the ORF of GST7 gene. The bioinformation of GST7 was also elucidated. The re-
sults indicated that the expression levels GST7 and GST'13 had significant difference in pepper compared with that
in cotton (up to 2. 31-fold for GST7). In addition, bioinformatics analysis showed that the open reading frame of
GST7 gene was 657 bp, encoding 219 amino acids, and it contained no signal peptide and transmembrane struc-
ture. The theoretical isoelectric point (pI) was 4. 81 and its molecular weight was 25. 07 kD. The phylogenetic
tree analysis showed that GST7 belonged to the Delta subfamily. These results suggest that GST7 gene may play an
important role in host plant adaptation of B. tabaci B and provide a fundamental study for GST7 gene.

Key words Bemisia tabaci; gene cloning; sequence analysis
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T M IR = KA FE A (P450 . GST . CCE) iy A AL F1 43
TR AP S TR AR, 2008 4, %k
22DE T B BUKE A B R BR PR £ I J1E B g e A 2
EH K S-EERL D FERAE . — Sh 2L 7 A i 4 AP
A FAEY) E TS 7, 45 R R W] B AL A 5
TEAR DR H K S-56 R Wt 6 M B i1 5 2009 48, R A
A A T M A e B RO I R Y A )
TR P BEIR IR A e HIK S-HE A2 i A 2 I JIE ek s il
P35 % Az A8 AR 2014 4F, Mohammed Shabab % 1
GST16 25 THYAK R MmE" . R, Hiid
B E PG E B PCR B 550 B Ji by BUFE 2F 5%
erpr GST FEPH mRNA ik & 1A LA

AMEH K S5 32 B (glutathione S-transfera-
ses, GSTs) it —Fh 2 Dy g A AL il . 3 4 = IR D6 1
ik (tri-peptide glutathione, GSH) 5 ¥ AH 45 4. 3
T4 BV f e AT Sy b HE th AR S S BEAA B2 )
JExH A= A= A s S B AL BB TE H R
ARG A TR — R AE B A . X
TRXMIER , GSTs & A 78 Horp 2 2 8 4 ik R
DAGE . ASCGE LS B B R BU7E 3 RO R 2 3
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BRIUB & 2004 4F2R [ H OB B i
AL TR AL M e i HE C e 2 1 57D |,
JEEERS BIRRAE C AR 497) E R IR IR %8 N 14 L 4R
Frkiad 150 48, W MRSl AR AT Ak 2 A 24, Jiby
A7E L/D=14 h//10 h G Ja R Ry 24~26 C
FEXREE 50% ~70% Wy 244 T 4k AUIR 555 A 2~3
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FHENRAF EAEYIARAL C PR 497) CH B8 BRARC h
WA FUMARTE 12 cm (198 77 5F BLIT, JE £ /NI
A—F(E 30 em) AURRRIEA TR o
1.2 EZEiKH

Trizol iR 7 ( Trizol Reagent, b ;8 AL FL £ FH

PRI s DNA Jig 1] 5 i 571 &5 (Gel Extraction Kit
b e XS AEWHARA RS ED; SO a0 &
(PrimeScript™ 1% Strand ¢DNA Synthesis Kit,
TaKaRa) ; TagQ5 [iff (New England Biolabs) ; #k {4
TIAE S A VAR A R A 5 2 2540 i
bt 2 A WA R R 5 92 586 &
PCR 57 ( TransStart Green QperSupermix UDG,
A XA EARA PR 7] s SDS-PAGE (JE 3¢
B YR IR AFD
1.3 BEVAMELE 3 AR E LR

BERLEE L /IR AE  H W BROPURE R ik 7
TEHFEH (60 em X 60 em X 60 em), —3E 9 ST H
8 » B0 HUTE BB ARARAR AR AR L H BB 3 A
A EL 3L AT B ARy BUER R IR T AR AR
HOs L B RMARAE E I 100 3K A 4314 550 174 A8 53 LA
HO S —ATe e HE 9 AN TC AR JH A L.
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AR (RN B R 2 70 SO A S A A
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DNA fiff (TaKaRa, Japan) ZbFH L 2= B30 & B 35 R 40
DNA, FE#A 755 — 45 5% cDNA {45 b (Prime
Script first-strand cDNA synthesis kit, TaKaRa, Ja-
pan) ,cDNA SE S H] 1 pg. T —20 CLRAAE T

Pt it PCR 5| & 3R 1, 9% i PCR L
MARFR L1 plb ¢cDNA, 10 pl. TransStart® Green
gPCR SuperMix UDG (TransGen, China), 5|4
0.4 pL 4K ZE 20 L., Real-time PCR [#) 2 h
PPl 94 CTIAZTE 600 s, #F R 40 MEFR 95 C A2
M5 5,60 CIR K 15 s, 72 CIEM 34 s O EAE
25 J6 RNA FFFITE cDNA R BRA> 51k 1 #6556
I R A S 4 DNA 975 5 F5 14— RIE K
FEAE LIARIES [T B 243 s AR 7 1 19 20 A 1%
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Table 1 Gene and primer of GSTs for real-time PCR
HE 5149 (5'-3") R4 G-3" K//bp FEFE R
Gene Forward primer (5'-3") Reverse primer (5'-3") Length Accession no.
GST1 TCTTTCCTCAAAATGAACCCGCA TTCTTGTTTTTGCCGTATTTGTTGG 119 MF036015
GST2 GGCAAGGAAGACTCTCAATACCC AGTCACCGAACCGCTGGTAGAGT 103 MF036016
GST3 CAGGTCCTAAGTTCACACTGGCG CATTTTCTGGCTTCGGTCGGA 125 MF036017
GST4 AAGGCCACGATGAGGTGAAA TCACGAGTGCAACATCAGCT 123 MF036018
GST5 ACCTGGCCAACGAGTACATG CACCTGCAAACATGAACGGG 150 MF036019
GST6 GGTGGACCAAGCACTGGATTTT AGATTTAGACACTTTTTGGAACCG 124 MF036020
GST7 TTGCCTCTCGGTTGTCTTGCT CGAATCCGCTGTCGTCCAAAC 149 MF036021
GST38 AGCAGGGATGACCTTCACGATAG TCTCTGCTTTGATTAAACCACCT 123 MF036022
GST9 CGAAAGGAGAACAAATGACCCC ATGATGGCACGACTCTCTGTTAGA 106 MF036023
GST10 TGGTGATTTACCCGTAGACGAGGA CCACGAGAGTGACATCAGCAACA 131 MF036024
GST11 GACAATGGGTTCTACCTGTGGGA CGATTGCTCGTTTTTTAGGGTCT 109 MF036025
GSTI12 CCGCAAAACTGATTGGTGTGG TTGGAACCGTGTGCTGTGGATT 108 MF036026
GST13 ACTTCCCCATCCGAGGTCTTG AAGGGCGTGGTTGGCTTTATT 121 MF036027
GST14 ATGCCAAAAAATGTGGTCTCGT AAATAGGTTGAAATAGCTTGACGC 106 MF036028
GSTI15 CCGCAATGAAACCAAAAACTCC TTTTCCCAGTCATCTTCGCCAG 136 MF036029
GST16 GCGACTGGAGAAGCAAGTGAAAG GGGTGTTTTTCCTCCACGGTAAG 135 MF036030
GST17 TTGAAAGGTGCTGGCGAAACA ACCATCAACTTCCAAAACGGG 147 MF036031
GST18 GTCGTTCATCAATCGCTGGC GTTCTTGGTGGTAGGCCCTC 148 MF036032
GST19 GCGGTATTCAGCCATTACAAAACG TATCTCCGAAGCAGTACTTCCCTG 150 MF036035
GST20 GCACTGGATTCAAAGAGGGCT TGGAATCTGCGAGCACTGAAG 135 MF036033
GST21 AGTTTCCTGCTGGCACTGTTCCT AAGGGGGTCAGATGAGTGTAGGC 125 MF036034
GST22 GAAGGGCTCACCAGAACGAT GTGTGAACTATGCGCGCAAT 136 MF036036
GST23 CGAAGGGCTCATCTCAACGA TGTGTGGAGGTATCGGGCTA 138 MF036037
RPL29 TCGGAAAATTACCGTGAG GAACTTGTGATCTACTCCTCTCGTG 144
HSPY0 ATCGCCAAATCTGGAACTAAAGC GTGTTTTGAGACGACTGTGACGGT 135

1.5 EE®=ESFEIISH

K EIR G L) cDNA g B, F R 5 15
) GST7-F: ATGGATTTGTACTACTATC 1 GST7-R:
AATTAGCTGACATCAATGGCTAA § 34 GST7
4K, ORI R K cDNA it 1 pul, 5 X PCR
buffer 5 pL,dNTP 0.5 uL _EFF51#145 1. 25 pL,
Q5 DNA B A 0. 25 L, RIS BAKENE 25 L,
PCR " H 2. 98 CHIALE 30 5;98'C10 5,60 CilR
K 25 s, 72°C SEAH 30 s, 35 FFR; B fa AL AE iy
2 min, ¥ IEFYI 1. 50 A Bht BRI I R K RGN
SRJE I IR H i R B D4 3 e Bde e 3 T1 2
TR b G BRUEH 148D FREL AL B B2 S R AP v
S LI SPUE R LI B AR
KEEFR GEH PCR %5 52 B 1Y v B B ik b e
BRVEYHAA R A AT 8. 52 F 5 .
FIIH DNAMANG #£47 %51 19 LL X >R ] ExPAsyPro-
temics ServerChttp: //cn. expasy. org/tools/pi_tool.
temD) TN 1 BT A BRARE T, ] SignalP 4. 1 8
(http: //www. cbs. dtu. dk/services/SignalP/) #47
155 JIRTREI , 5 R5% 45 8 Sai 17 350000 1 ) TMHMINZ, 0

(http: // www. cbs. dtu. dk/services/ TMHMM-2.
0/) & H MEGAS. 0 % {4 48 % #% (Neighbor-join-
In) I RGE R B 4553 AT 1000 R A
By FE R 5 H I 5 BLASTN Hoxt B AU A U [
20 Chttp: / www. whiteflygenomics. org/cgi-bin/
bta/index. cgi) ,
1.6 #ESH

FAAF F AP, GSTs FE [ mRNA £k &2
SR R 7 250 B CANOVA) P B 80 £
Fr sk I E 460 (Tukey test) , i K F P<<
0. 05 Jdfs Ak PRER {09 SPSS19. 0,

2 #RENWw

2.1 GSTs EEEZFELRIEIEMNTK

96 2 & PCR 45 5 % 8. GST7. GST13,
GST10 1 GST18 7B H 85 25 F L 1y 3Rk i AH
XFARAEAF A W 2 5, Hoh GST7 kit Lot
T 2.31 £%5.GST13 FF&T 60%,GST10 F1 GST18
IR T 55% F1 0. 53%,GST14 W FHE T 1. 52
fi5 (D
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2.07
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1.83

1.71
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S & FHemI 1.0.3.3%k 4 42 1%

Different colors represent different expression levels; the heat map is generated by HemlI 1.0.3.3

B1 2Z4NGTEREIMFELHREIEZR
Fig. 1 Expression levels of 23 GST genes in three hosts

2.2 BEEME GST? £KFEFIHH

GST7 #[H ORF J#314 657 bp. 4ifi 219 4
ez (F 2a.b) s gk —2 38 i AR W ME B i kB,
GST7 WA G5 K A 5 B A5 1) BRIR A5 L A pl oy
4. 81, HoAor+4 4 25. 07 kD; 73 4b, il i tex) B B4R
WAL 451, kI GST7 3L 1E Scaffold 147
LA S M EFADNRET L WEFRAINGIR
1693.1119.1 321.552 bp([& 20).

M  GST7

1 ATGGATTTGTACTACTATCCAACAAGTCCTCCTTGCCTCTCGGTTGTCTTGCTCACTCGA
1 MDLYYYPTSPPCLSVVLLTR
61  GAGTTGGGCCTTACACCTAACCTCAAAGTCATCGACATATCAGCCGCAGAGCACATGGAG
2 ELGLTPNLIEKVIDISAAEHUME
121 TCGGAATACAGGGAACTGAGTATACAACACACGGT TCCATGTTTGGACGACAGCGGATTC
4 SEYRELSIQHTVPCLDDSGF
181 GTTTTAAGTGAAAGTCGAGCGATTTTGATCTACCTAGTCGAAACGTATGGAAGAAGCACG
61 VLSESRAILIVYLVETYGRST
241 TCTCTTTATCCTAGTAATACGAAGCATAGAGCCACCGTTCGCCAGATGCTATTCTTCGAT
8 SLYPSNTEKHRATVRQMLTFTFD
301 CAAGGAACTATTTATCAAAGAATATACGACTATTATATCGAACCAGTGTTCTTCTCCAGT
101 QG TIYQRIVYDYYIEPVFTFSS

361 ACACCATTAGATGAGAATAAATTGAAAAAGCTAGAGGATGGCATGGAAGTATTGGATTTA
122T PLDENKLEKEKLE GMEVLDL

421 ATGCT' AGAGGA: AGC’ TGACAGAACTATTGCTGATTTCGCTCTT
14 MLEKRKW¥AAGSDRTIADFA AL

481 TTCAGCACTGTGTCCGTGGCGAAGACTTTTGGTTTTGATTTTGAGAAATATACAAATATA
61 FSTVSVAKTFGFDFEKTYTNI

541  ATGGAATGGCACTCCAAAGTACAAAGCTCGATGGAGGCCTATCAAGATCTGTATCAAGCA
181 MEWHSKVQSSMEAYQDLYRQ QA

601  CCTCTTGAGACGGTTGGTGAGCTATTCCAAAATAAATTAGCTGACATCAATGGCTAA b
201 PLETVGELFQNEKLADTING*

1693 bp

_1119bp 1321bp  552bp
| | C

a: GSTT 4K 3ike; M: DNAS T i s bifl; GSTT: HiA T E PCRf=4)
[&]; b: BRUE K B GSTTH:H i cDNAJT 51 J 4k S B S 568 13 51; ¢ GSTT
FEH S E

a: Amplification of GST7 gene; M: DNA molecular weight marker; GST7:
Two PCR product; b: cDNA and deduced amino acid sequences of GS77 in
Bemisia tabaci; ¢: Gene structure of GST7

B2 GST7 HF5 2
Fig. 2 Analysis of GST7 sequence
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¥ GSTT #eF R AR 74 5 NCBL 224
AT A HAB L 2L GST J 41 R T i 0 4 45 /1N I 9
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MEGES. 0 8 v i) &8 45 12 i 4T RS K & WAL
ZERRW], B EH IR SRl — A 6 DK R
(Delta, Epsilon, Theta, Zeta, Omega, Sigma) , B 7l
My B GST7 £ H g T Delta K %, 5 DmG-
STd11,RpGSTdl Al NvGSTd5 Fh— % (& 3),

3 itig
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it » 72 B SR AR KR A R B R AR A B
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P U A AR 5T L S S R T R 1) AR
1115 % R AH L3 N R R R . R A
ez TR 900 ZRAEY . S WA R EL
AR H K S-5% B it 5 [N S e H0A 07 35 3 Bz A
JEHIE AR R B A SCGE L AT 5T B R A
2l 23 N MEH K SR ik N Rk i AE 3 Fhay
WAL 22 5 R B B GSTT Al GST13 7EAR
XFANIE BT B A IR AR X T U E AT
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Fig. 3 Phylogenetic analysis of GST7 in B type of Bemisia tabaci with other insect GST genes based on

amino acid sequences (neighbor-joining method)
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