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B =204 FEFAF T AT RESHMER B F R E 0S5 48 % 9% 3 (Tomato
chlorosis virus , TOCV ) B J@ HLAE 4 X4, £ Al RT-PCR #m| .BLAST sff2 MEGA 5.0 & %ttt 4
MWk, R AAEESEH L ToCV E Ay TEEZAR TCV 53— 2L L&

F A vt % F& (Tomato yellow leaf curl virus , TYLCO) B 412 7,

R F WL ToCV 4 %%

& (Coat Protein,CP) #= # 3% & & (Heat Shock Protein 70, HSP70) 3t 3 s4% 55| s o 4 A~ A
WX ToCV LAt St /7400, 2 35354 1 032,943,911 bp $44& 754, B4 3F ToCV I8
WA A A TYLCV 857 3| 3545 & P 1 5013 2] 24 833 bp BB F 5,4 NP HZH

ToCV ik, #oet ToCV b7 4 & 4 (KC887999) CP 4 B A7

W] %42 ToCV #= TYLCV 5443 3 .

—HMBREH,H 99.7%, A s LW

KRR AR 4R 5 ; HSP70; CPs RT-PCR A s ol B Ak h i 7 & R Y

hESHES S 641. 2

FAR R T AL M B RGN R, T ILE
FInR & (Tomato chlorosis virus , ToOCV ) i FF 44 76
] P 8t 7 5 Xt 45 e A R HET L 2012 AR TR R TE
AR X AR R TG R EHR RS, ToCV BTFKREE R
## 8} (Closteroviridae) BIE 5 )8 (Crinivirus) , 22K A H
2 2% 1F L% RNA(+ssRNA)Y A, B AR BV 2 RE A
LG8, RGP F AR AR R R S 2
FHEY™ . B &R IR AR B 28 R Bk,
HWAE R BER E X, 3 BOS WO B IR B RE 3R, 1998 4F
7E R E 3R BN B R o B ToCV B, 5
ELREERA LB A5 S A4 Ak R B, B
HMEEEEHALZHEY, 2004 FIRE & 8 HIX B LR
BT ER A, 2013 5 7E 1L AR U3 L B 5 IRt R
S5 X SR A 120 B F R ARED 0, B AT H b X
i B DL 423

2014 4F 8 A ZEW b 2 A4~EL 17 i o8 Fh A X 18 2 1
], BB T Bel ToCV AR B B M vk . X 53 38 3 X
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ESTIR B RN HMCRL)AT LAH4 53 4 85 5 B (201003065) 5
W R E A B AR R K B R B (2014GNCL11008) 5.1y & 5 & KA+
F A FBA B (ZR2012CM032) ,
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AL 244 DX 2 7t R i X ToCV AR ToCV 5 55
— b3k & A 1 i AR i P B (Tomaro yellow lea f
curl virus , TYLCV) [ H 8] B & R YE R HAT T 43 F K
AL 5E , AT ToCV 35X — [ P 3 & B 9 5 76 1)
At X & A 0 R FEAE O AT AL b DX & X 1% 2 BT AT
BRI Bl P PR AL T

1 #REFE

L1 E5ephel

L1.1 BERUREERE S AREE 2014 48 8 H, 2T 4L JHR
i Giig &) R XO Bk T Gg8 B ED M T GR 7
B A REWGERE TR E EMN T TYLCV &
Az 33 P 152 it 2 790 A DX 9 2 0 ], SR 4 2 B 0L B
ToCV ) Hi A AR FE &, FF & — 30 43 E 248 BUE RNA
7l DNA, H AT A —80°C kA R AE 5 ..

L 1.2 BEKREEMAMESFAEYFRN sk
pMDI18-T . RNase Inhibitor . RTase M-MLV (RNase H—)
¥ H TaKaRa 2% ; RNA.DNA £ EGR5F W H KR
A]; PCR =4I M ol & B bt B B A AR
R3] s PCR 357 & DNA 43 F EdniEl Bt 2 X4
AW AR PR B 5 e A A iatn) B3 18 1k 2 110 25 O
kOB E oA

L2 Bk

L2.1 BYREMFES S DNARNA #38 & RT-PCR
PH ARHE EEY A 0.1 g, IR AWTEE U R, 3%
Harrison ) CTAB 42 BUH H i DNAM, it H- i RNA
#% TRIzol Y28, I F/R2eiAE . MRHE ToCV LRy XI5
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#&it5 14, ToCV -F(5'-GAAATTCTACTCTGCCTGAT -3")/
ToCV-R(5-GCTAAATCAACGGGAAAC -3'), ¥ 1 K- Bx
St F ToCV RNA2(4 195~5 226 bp) , 3 8 F-Bs &K K
1032 bp, & 774 bp ) CP 3, Bk CP EH Ak, R5F
) ToCV Y3 H (Heat shock protein 70, HSP70) 3
N8 B FAAE 737 4 KB, R A ToCV HSP70 X 4%
584 HSP1-F/HSP1-R #1 HSP2-F/HSP2-R™ 43 Bt 3
17 HSP70 b FHERFIRY 1S . TYLCV FRR F 4 5
514 TY3-R/TY3-F™ #47 PCR §"3. BrAls|#38h4a
AR R A RAF AR, %R PCR ¥ 1 &
#Z% CHk[14]# 47, PCR ¥ 38 % 4. B 48 # 94°C
3 min; 28 94°C 30 5,38 A (ToCV-F/ ToCV-R 50°C ,HSP1-
F/HSPI-R 49°C .HSP2-F/HSP2-R 51°C.TY3-R/TY3-F
52°C) 45 s, $E4#H 72°C 1 min 10 s,30 {E ¥, & FEfH 72°C
8 min, PCR F=#JF 1% Ay B AR A E I A, Bl B Y
9t 5 pMDIS-T ##:, FA% A2 S KA FF I DHbSas
PR TEkERE 2E 4R M AR IR A PR A RFFIIE

1032bp

1.2.2 FH4H %3 NCBL, F| A BLAST (http://
www. ncbi. nlm. nih. gov/BLAST/)#47 B 5 L X . B4
FvEH NCBI I i %1 = #5% # J& 9 CP Al HSP70 (¥
51, LK TYLCV #9751, F§ DNAstar 24+ i) MegAline
Xof BT 5E B 31 84T AR B0 L A8, A Mega 4. 0 347
L P 5 LLA A3 LA B st A A
2 HRE5SW
2.1 BESH TR I AR R A

FEATAL 7 ASE X B A X RE AL IR 2 2 BRSE DRk
Y ToCV AEMR M FE R » 145 Go i bk 3Rk 4096 ~60%,
VEECE ARFERY 4 A3 X B S5 N 57K A R |
FERE AT T TR

Wik BB B G 5D B M G 8 85K (B PR
) AR EGERE) 4 A b X A BERUEE &, ] ToCV
¥ 5514 ToCV -F/ ToCV -R #4798 ¥145 8] K /N Ky
1032 bp HIHESME 4645 (8 1-2), 4> Bl v & 7 HBLF,

833 bp -

() : 314 ToCV-F/ToCV-R ¥ 345 5 ;M. Trans 2K Plus DNA Marker; CK. B ¥} 8 ; CK+. FHA% X4 B8 ; T F); (b) . 514 HSP1-F/HSP1-R 3%
558 5(0) 514 HSP2-F/HSP2-R § 3 455 5 () . 514 TY3-F/TY3-R § #E455 .
Note: (a) : The product by primers ToCV-F and ToCV-R;M. Trans 2K Plus DNA Marker; CK. Negative control; CK-. Positive control;the same below; (b) :
The product by primers HSP1-F and HSP1-R; () : The product by primers HSP2-F and HSP2-R; (d) : The product by primers TY3-F and TY3-R.
1 ToCV #1 TYLCV ¥ &N & R
Fig. 1 Detecion and amplification of ToCV and TYLCV
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HBCZ.,HBHS, HBSJZ, 5 51l & J& I /% GenBank, % 5%
243 %)% HBLF (KP217199) , HBCZ(KP217195) , HBHS
(KP217196) . HBSJZ (KP217200), BLAST % 58 3= B
R P MIE TR T 51 55 GenBank H1E % 310 ToCV 45
Yy 3 R 3 B AR L 38 A 99 Y0 , 28 BH X BB A B i 2R
B ToCV Y, FIFH HSP70 2 X455 404 14 J5 2 31
183 4 20K/ 943,911 bp B B %4 (E 1-b.o) , 4>
SIS HSP70 # 1 F e B LA EE T 51, 3 51 8
)51 HSP 70 94k 1 665 bp,GenBank %57 54351
%y HBLF (KP217202), HBCZ ( KP217201), HBHS
(KP217197) , HBSJZ(KP217198) ,

Wt TYLCV % 551 15%F 4 A ToCV FHMERE
BERLREESEAT TYLCV BRI , 45 /KB & A A H 4 72 45
W LTERR YT BN E R E 3 ANEES Y B KN R
833 bp HIEEF 4 (B 1-d) , M P J5 4 BLAST X,
R AL 4> B 4 5 GenBank | % TYLCV Wk H
TR FE 5 (AR LM 293K 3 99. 0% L) b, BRIk, B A YT b 1t
X AR S Bk ToCV 5 TYLCV B4R %,

2.2 JFHI45Hr

FEF EEXF & BRI AL 4 A4 X A RE i ) ToCV CP
HEZEF5) — Bt mik 99.7%, 5 HE S B Y
(AB513443) Fl4b 57 43 B 1) (KC887999) 2 /™ Ff 31 % /& 43
FkE] 99.5% 5 99. 7%, H HSP70 H: K ¥ 5 5
A6 51455 41 (KC887999) #l H 7= 43 % 41 (AB513442) [R] I
P 2 M Eem ik 94. 7% 94. 8%,

T BT H R G O R B A I A, B
BEANANR R b XA R F MR ToCV B CP K HSP70
AT 5 5 RGN (E 2), MRS
AL T LA b X By 5 E L H A 2 E
BIWIRG KRB REN— DR, 5 UGS F
FIBEBIRSIZ , ok H FREBEA ) 2 MBS s R —ig.

TR AE b DX 2 A & R 5 A5 B ) TYLCV %
BRI 5 5 10 AR EEYs 6 AL AR RE L35 E S i 43 B
4 e A I P B I — BUOMEFE 99, 6%6~99. 9%, 3F HL
5 E 4B Y TYLCV-USA(EF539831) ) 48 {81 1 5 &
1 99. 9%, [FJB F LSk R (TYLCV-IL),

3 Zig5itie

BWEFR A ToCV 45551 W) X5 ] Jb 3 A B #E i
PEAT RN 4 5 , BA A T AL B AR X A ToCV 1
KA, [ B 2 H R & A A2 8] ToCV 5 TYLCV B4
R4,

ToCV S M A1 & A T B ) — B J0 A B A5 48
KHBMBEER TURALESHEY RENAEE
FCS T FIEHC ERBLT ToCV , B % £ R WARGE.
BRZRERE T R Lk 4,8 BT E NAUE L 2R,
b R A WE T T HAA BRI B &

661 ToCV-SDSGKC709510 CH
ToCV-NANJINGKI815045 CH
ToCV-BJKC887999 CH

A HBHSKP217196

F ToCV-BJKC311375 CH

L A HBCZKP217195

F ToCV-SDTAMZKC812623 CH
L ToCV-TochigiAB513443 Japan
- ToCV-FloridaAY903448 USA

92
ToCV-TygressHQ879842 USA
93 A HBSJZKP217200
99" A HBLFKP217199
77

78

7

[

ToCV-Gr-535EU284744 Greece
ToCV-ISDQ234673 Israel
ToCV-AT80/99-1CKJ740257 Spain
97! ToCV-AT80/99EU625350 Spain
TICVFI542305

0.01 a

94,SDTAMZKC812627 CH
SDLCKC812626 CH
661 SDSG KC709510 CH
I A HBHSKP217197
—ToCV-BJKC887999 CH
TochigiAB513442 Japan
A HBCZKP217201
51 _I:AHBSJZKP2I7198
10[0 - A HBLF KP217202
90[[[ Gr-535 EU284744 Greece
96"~ ToC-Br2JQ952601 Brazil
r FloridaAY903448 USA
7{NanjingKJ815045 CH
LAT80—99DQ136146 Spain
1005 AT80-99-ICKJ740257 Spain
TICV-SP5131FJ542305

—
0.01
b

1 :a: ToCV AL FE 2 285 4 5 i 7 Al X 4 B 8 CP 3 R 48
HEALR 5b: ToCV I ALE i 4 B 4 5 57 Hofhth IX 43 B M 9 HSP70 A
RGN .

Note: a: Phylogenetic relationships between ToCV Hebei isolates and
other ToCV solates from the world based on sequences of the CP gene;b:
Phylogenetic relationships between ToCV Hebei isolates and other ToCV

solates from the world based on sequences of the HSP 70 gene.

B2 FHFimiEmwE CP.HSP70 Rt i

Fig. 2 Phylogenetic relationships based on sequences of
the ToCV CP and HSP70 genes

AR, [ P A i R 3 SR R AT, R I N 5
B ARSI AT, B 1k 0 S Bt — B e e 4k
BWLE, NERBIRER TCV FEFHRE, BN K
ToCV N FFFIA TR R , e R e —ie, HEWT
Rz IR AR . B RTE ST ToCV el 75 1
Z R RT-PCR &40 FERE T ED 1™ B B 5 2
i 753 vl T B R R RO BT, B RTTE B P R A B
R 78— E R B F BRI T %0 3% R I B R
K, ToCV 5 TYLCV Wk e AL ARG , B ¥4 77 ¥ 7T
PIAHE 2R, Bive TYLCV AR L2400 &Rl 4R . E
H B %A £ 5T ToCV IR & i . 4599 1 Bl IRk
TR, [ B 2o A B A AP AEAR 2UF I R R L A
R, AT WX E R T B — S T B EAR A .
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Molecular Detection and Identification of Tormato chlorosis virus Infecting
Greenhouse-grown Tomato Plants in Hebei Province

SUN Guo-zhen' ,GAO Li-li* ,LU Wen-li# , WANG Yong® ,ZHANG An-sheng* ,ZHU Xiao-ping’
(1. College of Plant Protection, Shandong Agricultural University, Tai ” an, Shandong 271018; 2. College of Horticulture Science and
Engineering , Shandong Agricultural University, Tai ’an,Shandong 271018;3. Tianjin Institute of Plant Protection, Tianjin 300381 ;4. Institute of
Plant Protection,Shandong Academy of Agricultural Sciences,Jinan,Shandong 251000)

Abstract; Taking tomato samples showing symptom similar to that caused by Tomato chlorosis virus (ToCV') found and
collected from 7 regions in Hebei Province in the summer of 2014 as material ,using RT-PCR detection, BLAST alignment
and phylogenetic analysis based on MEGA 5. 0 as research methods to detect and identify ToCV occurrence and mixed
infection on ToCV and another economic important virus Tomato yellow leaf curl virus (TYLCV). The results showed
that three pairs of specific primers targeting the ToCV coat protein (CP) and heat shock protein (HSP70) genes were
used for detection, specific 1 032 bp, 943 bp and 911 bp fragments were amplified from the symptomatic samples,
respectively. The ToCV positive samples were also tested for presence of TYLCV,specific primers of TYLCV were used
and a 833 bp specific fragments were amplified and sequenced. Plant samples from Hebei were infected by Tomato
chlorosis virus ,the sequence analyses showed the nucleotide sequence of Hebei samples had the highest identity of 99. 7%
with a Beijing isolate of ToCV (KC887999). The mixed infection of ToCV and TYLCV occurred in the field was also
confirmed.

Keywords : Tomato chlorosis virus ; HSP70;CP;RT-PCR detection; Tomato yellow leaf curl virus ;mixed infection
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