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B OE: NUNIBERAET H R RAR 36 R I ™ A B AR il REIR 1B SRR AS, R R
BRI IR 14 PA/PB M FTHT REAh #4 BA15 B2y 500 bp (B, ZAFHIIE oA, R v [ F A
JRI9% 55 (Papaya leaf curl China virus, PaLCuCNV) Flrf [E F i i 75 (Tomato yellow leaf curl
China virus, TYLCCNV), IXPMXUER K2 512 ik 97.2%. RGBT R, KW FPXUER 7
4355 B ARIE K PaLCuCNV i Fg 3 37 B4 (PaLCuCNV-[HeNZMI]) & TYLCCNV = R JGifi i e 70 5
¥ (TYLCCNV-1Y2951) WAL BRIF HUARIME S &1, 43704 99.1%A01 97.9%. Al I, T 4 esHsstt:
BEH T A DNAP 737, 40 E R FT4E 9 A DNA B 4> T35 TYLCCNV ) LA TYLCCNB, H 51
P NI A 4> 8% (TYLCCNB-[SC651) Mz H B )7 AIAHBIME /e &, h 87.7% ~ 94.5%. ASCE IRIRIE
PaLCuCNV 5 TYLCCNV/TYLCCNB 0 5 5 544 52 6012 B 75 505 kS 50 7™ 0 ) 285 i 2 A ot -9
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The More Severe Tomato Yellow Leaf Curl Disease is Caused by
Co-infection of PALCuCNYV and TYLCCNV

XIONG Yan', ZHOU Chang-yong'*", LI Yin', WANG Chun-yan', SUN Xian-chao', and QING Ling'*"

('Chongqing Key Laboratory of Plant Disease Biology, College of Plant Protection, Southwest University, Chongqing
400716, China; Citrus Research Institute, Chinese Academy of Agricultural Sciences, Chongging 400712, China)

Abstract: Thirty-six tomato samples with severe stunting, yellowing and leaf-curling symptoms were
collected in Panzhihua, Sichuan Province. Fragments of about 500 bp were amplified from all samples
using the begomoviruses degenerate primers PA and PB. The complete genome sequence analysis showed
that the diseased tomato samples were infected by Papaya leaf curl China virus (PaLCuCNV) and Tomato
yellow leaf curl China virus (TYLCCNV) and 97.2% samples were infected with both viruses. Sequence
analysis showed that PALCuCNYV had the highest sequence identity (99.1%) with PALCuCNV-[HeNZMI]
isolated from tomato in Henan, and TYLCCNV shared the highest sequence identity (97.9%) with
TYLCCNV-[Y295] isolated from tobacco in Yuanmou, Yunnan. In addition, all isolates were found to be

associated with DNA [ molecules. Nine complete DNA [ sequences were determined and showed
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the highest sequence identity with DNA B of TYLCCNV (TYLCCNB-[SC65] ), being ranged from 87.7%
to 94.5%. This is the first report that tomato yellow leaf curl disease was caused by the co-infection of
PaLCuCNV and TYLCCNV/TYLCCNB.

Key words: tomato; Papaya leaf curl China virus; Tomato yellow leaf curl China virus; full length

DNA sequences; co-infection; satellite DNA 8

i (Solanum lycopersicum) =X A9 aE (whitefly-transmitted geminiviruses, WTGs) [1)H %
7 & (Fauquet et al., 2008). H Fi4tH F 2 ARE 60 4 MO B G4 B i il ™ H G H, 1X48 WTGs
5 A B AL 2 A B XA IX B, IE B K& 2% (Moriones & Navas-Castillo,
2000; Mansoor et al., 2003; Hanssen et al., 2010; Nava et al., 2013). fEH[E H 2006 4 LA
PR R T At Lok (Wuetal., 2006), ik CAEWL. YLon. AR Wby dbat. BRib.
TIEG S PUJI S BT aR S T & 4E, 25 70 3277 D& ™ B K (Zhang et al., 2009; fEHf %%, 2011;
skTE AE, 2012; SEldbd 4%, 2012 Budg 45, 2013; SR A, 2013). HET7E HE AR5 1& F i
T AR R AT 10 B, BS99 8 (Tomato yellow leaf curl virus, TYLCV). H
[ 2 i th 995 75 (Tomato leaf curl China virus, ToLCCNV). [ i s AL i 7 (Tomato yellow
leaf curl China virus, TYLCCNV). ]~ 43 i M 995 2% ( Tomato leaf curl Guangdong virus, TOLCGDV ).
SE A INI%EE (Tomato leaf curl Taiwan virus, ToLCTWV) . ZEF Ak 5 (Tomato
vellow leaf curl Thailand virus, TYLCTHV) | MR 285555 (Tobacco curly shoot virus, TbCSV) Hl
W E B AR5 3 (Papaya leaf curl China virus, PaLCuCNV) 45, H&HiREJEA T AH A

o IR 22 G M X 2 BB R AR B, B ) R SRAE Y . AR AR BRI %
X %2 TYLCCONV [ 4 fad (REHE %5, 2011), BEJS/EUHA WTGs R4 F i, M iZHX
AN 26 [ 2 HEoRAE R 36 &/ ifikk, 5 2009 4E P USRI TYLCCNV FEERAHEG, 1 F
TNERER I . AT PCR A B A5 HOAR 0 5 atiA: dt H RT BEAE A R XU B A
AT T oy r2sE, IFT TR AT

QY ZiE SRS DARE

1.1 ##)
36 DX Gl A AIAE ST 2010—2012 4E[EK H DY) B AL T AR B 2 I 2, MR IUELL
R AL H™ 5 B S AR R R A I LR (B D, R T - 80 CH&H .

B 1 BEREEREL. HRELSEROBEREE

Fig. 1 Severe stunting, yellowing and leaf-curling symptoms on tomato plants with tomato yellow leaf curl disease
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Wi oK M RR: Ex Tag™™ Polymerase I [ TaKaRa /A 7; PCR ¥R % ] TIANGEN
WS SCPEEUA pGEM-T Easy T Promega A w5 KJWHF B Escherichia coli DHS50. B AK A PH I K
PRI BE SR = ORAT

1.2 45 DNA 12E
PLH R CTAB yESEHUE AWM B DNA, - 20 CIRAF4H .

1.3 PCR ¥, mEFFFNE

T 75 5 11 15 14 PA/PB (Deng et al., 1994) 47 34X A Jp 25 3 [7] (X M2 b5 4R (A 570 X 4 (&
500 bp), HEAT ve ST AN E , AR5 AR I H (1) P S0 v 5 [ 0% SC249F (5'-ACTCCCCAGATACA
TTAGGGTACG-3' ) /SC249R ( 5-TGTTTGACGTGACTACTTGGGGAC-3') } TYLCCNV-Y6F1
(5'-ACCGGATGTACAGAAGCCCTGA-3") /SICl (5-CTTTCGATACATGGGCCTGTTG-3"), 434l
$73% PaLCuCNV I TYLCCNV ] DNA-A 1T 4K 705 K5 52 5 1 9% YMIPF(5'-TCACAAACAAAAGG
AGGTCA-3") /YMIPR (5-GAATATGTAACACATTCAA-3"), } YMSTF (5-TCACCAGAAGACAAA
T-3') /YMSTR (5'-AATTGATGTAATTGAAGATC-3") 43 S FKill TYLCCNV Fih [ 2 A K iy -
98¢ (Papaya leaf curl China virus, PaLCuCNV) [f] DNA-A. R#& &I FFE5149 PCRel Fl
PBLv2040 4" # X499 7 /1) DNA-B 414 (Rojas etal., 1993), AR¥E CLIRIE I 7250 513 B X0UAE 0 75
FEBERY LA DNA B 5 DNAa 4 K741 (Briddon et al., 2002; Bull et al., 2003), Ff#it4ER514
Y10p (5-CGGCATTATTTTGAGGCAGT-3") /B02 (5-GGTACCTACCCTCCC AGGGGTACAC-3") i
M TYLCCNV [ 224> TYLCCNB. PCR “#4lift )5 v % % pGEM-T Easy #f&, £ PCR 1%
JE Ji BRI R TR A BR A = HEAT PP 51 5

1.4 FHI5 &R EIEE

% H] DNAStar (Version 7.0, Madison, Wis., USA) Al DNAMAN (Version 5.2.2, Lynnon Biosoft,
Quebec Canada) #A4F3EAT 750 40 #1 S AHAAYE EL s, HEAL B F) 22 R DNAMAN (140 3 AH 3% 12
(Neighbor-joining). F T ¢4 L AL T TYLCCNV 550 24 Je fEBE L2 5 TYLCCNB
fufE: TYLCCNV-[Bean-YM] (DQ256460). TYLCCNV-[CHI] (AF311734). TYLCCNV-[Dali-198]
(EU365686). TYLCCNV-[G102] (AM050555)+ TYLCCNV-[GX] (NC-004044). TYLCCNV-[SC65]
(GU199588). TYLCCNV-[XJ26-4] (FN985163). TYLCCNV-[YS5] (AJ319674). TYLCCNV-[YS]
(AJ319677). TYLCCNV-[Y10] (AJ319675). TYLCCNV-[Y11] (AJ319676). TYLCCNV-[Y25]
(AJ457985). TYLCCNV-[Y36] (AJ420316). TYLCCNV-[Y38] (AJ420317). TYLCCNV-[Y43]
(J781302). TYLCCNV-[Y64] (AJ457823). TYLCCNV-[Y72] (EF011559). TYLCCNV-[Y193]
(AJ971524). TYLCCNV-[Y194] (AJ971265). TYLCCNV-[Y231] (AM260701). TYLCCNV-[Y244]
(AM260702). TYLCCNV-[Y264] (AM261326). TYLCCNV-[Y278] (AM980509), TYLCCNV-[Y295]

( AM260703 ) . TYLCCNV-[Y322] ( AM181683 ) . TYLCCNB-[Bean-YM] ( DQ256459 ) .
TYLCCNB-[Dali-198] ( EU365687 ) . TYLCCNB-[G102] ( AM050556 ) » TYLCCNB-[SC65]
(GU199589). TYLCCNB-[Y5] (AJ421623). TYLCCNB-[Y8] (AJ421622). TYLCCNB-[Y10]
(AJ421621). TYLCCNB-[Y11] (AJ421620). TYLCCNB-[Y25] (AJ421619). TYLCCNB-[Y36]
(AJ506791). TYLCCNB-[Y38] (AJ420315). TYLCCNB-[Y43] (AJ420314). TYLCCNB-[Y64]
(AJ421483). TYLCCNB-[Y72] (EF011560). TYLCCNB-[Y231] (AM260714). TYLCCNB-[Y244]
(AM260717). TYLCCNB-[Y264] (AM260722). TYLCCNB-[Y278] (AM980511). TYLCCNB-[Y295]
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(AM260730). TYLCCNB-[Y322] (AMI181684).

BEFE 17 ANEF TORUEAH R s b B AT 1) PaLCuCNV 20 B HE4T 741 e} PaLCuCNV-[G2]
( AJ558123). PaLCuCNV-[G4] (AJ811914). PaLCuCNV-[G7] (AJ811439). PaLCuCNV-[G8]
(AJ558124). PaLCuCNV-[G10] (AJ558125). PaLCuCNV-[G12] (AJ558116). PaLCuCNV-[G22]
(AJ704604). PaLCuCNV-[G30] (AJ558117). PaLCuCNV-[GX4] (FN297834). PaLCuCNV-[GZ]
(AY650283). PaLCuCNV-[FQ1] (AM691554), PaLCuCNV-[Fz10] (JF682837). PaLCuCNV-[F25]
(AM691552). PaLCuCNV-[Hat] (DQ641700). PaLCuCNV-[HeNZM1] (N256260). PaLCuCNV-
[LC1-2] (AM691553) & PaLCuCNV-[ZM1] (EU874386).

2 HiIR50H

2.1 FEARFEmR TR RS R

CAFEHLIE 36 0 F5 it 5 DNA AR, FIFHAS AU ER R (WTGs) [ 91514 PA/PB #ET
PCR ¥4, M 36 0 #FF 5 h 4 HE 2 1 4629 500 bp 4% (B2, A); I CHRIE 19 5 RUAE 0 B
DNA-B 4145 (1] FH 514 PCRc1/PBLv2040, JARAFEITIUH AN 0.5 ~ 0.65 kb 15571 HIH AU
2 112 DNA Bl A 514 B01/B02 HEAT PCR 474, I\ 36 4 i I3 BN UK/ k1.3 kb 4 Rk
i (2, B); AT DNA o M54 UNATOT/UNAT02 XFFESBEATRI, ¥R AEd 1 21
1.3 kb [R4H . IX KW 36 kLS B9 20 WTGs %900 54l 7y W45 8%, HAERE T2 DNA B 20 1

DNA-A
DNAB
B
TYLCCNB
C
D PaLCuCNV
E TYLCCNV

B2 SMABMERTWERE DNA-A. TE DNAS. TYLCCNB. PaLCuCNV
1 TYLCCNV A PCR &5
M: MarkerV; 1~11: FEfh YM1 ~YMI1; 12: BIPEXHE (f@ResBantik)s 13: PHMEXTE (4 PaLCuCNV,
TYLCCNV. TYLCCNB 4 DNA-A [J5kD
Fig.2 PCR detection of geminiviruses DNA-A, satellite DNAB, TYLCCNB, PaLCuCNV
and TYLCCNY in some diseased tomato plants

M: MarkerV; 1-11: Samples of YM1 - YM11; 12: Negative control Chealthy tomato plant); 13: Positive control
(Plasmids containing full length DNA-A of PALCuCNV, TYLCCNYV and TYLCCNB respectively) .
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PR 2 SC249. SC255. YMI Al YMS [ PA/PB 4 #8= My it A7 [ns I ve b, [R5 B AL
ik 5 B v BEEAT IR A o A BRI 20 NP S TR AR S 70.5% ~ 99.8%, 1] B
WO AL, oy E) YMS8 B R 5 NS A IR O —4l . 3R X R 41 5 GenBank
AT EE R B, YMS8 [ 5 D TefEA 5 TYLCCNV-Y295 AU s,k 95.4% ~ 96.1%; H:
R EY P55 PaLCuCNV-G30 ISR =, 4 96.4% ~ 97.5%.

W8 BTG A BUT 41 70 B 514 SC249-F/SC249-R M2 TYLCCNV-Y6F1/S1C1 ™ #4E i vp m] GEAF
TEH) WTGs iE4x K DNA-A 75, @wilE. W7 L7519t E 43 2100 DNA-A AL 4751 .
Hor, RIS I%F SC249-F/SC249-R A YM1 F1 YMS 147 1 2] DNA-A (YMI1-P 1 YMS-P) K J&
%124 2 749 nt, FHIAIINE N 99.1%. FIFH 5% TYLCCNV-Y6F1/S1C1 M YMS 1§ # 3] DNA-A

(YMS-T) KJ&h 2 738 nto #—2Y GenBank F1 {17 FIHEAT LXK HL, YM1-P & PaLCuCNV 43
H)PEE 1 ANEG B (PaLCuCNV-[G30]) A &R, 4 99.3%; YMS-P 5 PaLCuCNV K [
TR 1 AN 24 (PaLCuCNV-[HeNZMI]) A f R, 4 99.1%; YMS-T N5 TYLCCNV
K EH = F IR 1AM B (TYLCCNV-[Y2951) U fe i, b 97.9%. iX 4645 L B YM1-P
1 YMS-P 3}y PaLCuCNV 4354, YMS-T /& TYLCCNV 43 %4

iE— I Hf YM1-P. YMS8-P & YMS-T [ 2 5 PaLCuCNV Fl TYLCCNV &4y &4 (1)t
kR, HTHAENADMHEREREZN . NRGERXAZM P ITLLEH, YMS-T 5 TYLCCNV-
(Y2951 HIsE4 kR (B3, A) ; YMIL-P F1 YMS-P 554k 3 A3 8 [ & i () PaLCuCNV 43
¥) (PaLCuCNV-[G30]. PaLCuCNV-[HeNZMI] fil PaLCuCNV-[ZM1]) {i; T— M3, FKH
PaLCuCNV iX 5 M sy srg o & %x (K13, B)

100 Bean-YM =7 3¢5 Yunnan, Phaseolus vulgaris

SC65 MJI| & Sichuan, Solanum lycopersicum ——— GX4 )T & Guangxi, Solanum lycopersicum
Y38 =@ MEL  Yunnan, Nicotiana tabacum

Y36 =@ B Yunnan, Nicotiana tabacum
Y8 =@ MEL  Yunnan, Nicotiana tabacum
Y64 =E Fi4:  Yunnan, Siegesbeckia orientalis Linn.

g% Y231 =/ B, Yunnan, Nicotiana tabacum

100 FZ10 1842 5% Fujian, Siegesheckia orientalis Linn.
Hat #f5# B Vietnam, Nicotiana tabacum
100 - G7 )V JELL#]  Guangsi, Ageratum comyzoides

100 Y322 Z=®i §i5G  Yunnan, Solanum torvum Swartz G10 S P4 BELLE]  Guangsi, Ageratum comyzoides
1 91 you4 ZF MBS Yunnan, Nicotiana tabacum G8 J"TG JE41#]  Guangsi, Ageratum conyzoides
100 — CHI S 74 Z&&3h Guang)fl, Solarmim lycopersicum 100L G12 )P ME.  Guangxi, Nicotiana tabacum
100 GX J"W i Guangxi, Solarmum lycopersicum
99 G102 J" P4 #HEL  Guangxi, Nicotiana tabacum 0 HeNZMI {A[ ¥ &l Henan, Solamm lycopersicum
100 fXJ26-4 Fig8 &G Xinjiang, Solamum lycopersicum 7100 7M1 % & Henan, Solamum lycopersicum
Y10 =@ B Yunnan, Nicotiana tabacum . )
Y11 2/ #0E Yunnan, Nicotiana tabacum 100 {YMSP-I PUJi| Zf Sichuan, Solamm hcopersicum
o1 Y264 i B, Yunnan, Nicotiana tabacum YMIP-17 [4JI| Z&ffi  Sichuan, Solamum lycopersicum
— 100 | Y278 B %% — GX30 J"V§ &fH  Guangxi, Solanum lycopersicum
Yunnan, Malvastrum coromandelianum H X1, yeop
Dalil98 = 1 Yunnan, Herba Artemisiae Annuae LC1-2 5% BES%  Fujian, Herba echiptae
Y5 z,;ﬁ ‘}:E]ﬁ;" Yunnan, Nlc.otza?m tabacum 1001 F25 ¥ikE BESE  Fujian, Herba echipiae
100 Y43 =@ B Yunnan, Nicotiana tabacum 00 L N )
YNT2 £ 2FEE  Yonnan, Datrua stramonium FQI fg# &&fh  Fujian, Solamum lycopersicum
SCI101 JUJI| 5538 100 o
100 Sichuan, ]\/f%vastmm coromandeliarmim G4 ] BAJR  Guangxi, Carica papaya
Y193 =3 2% N
Yunnanr;.‘jM% vastrum coromandeliorum G2)" W EAJK  Guangsi, Carica papaya
Y194 = G22 G i, Sol [ 7
Yunnan, Mal%zstmm coromandeliarnum J7VH Al Guangsi, Solcrmum lycopersicum
Y295 =i B, Yunnan, Nicotiana tabacum ——————— GZJ | Guangzhou
100 1004 YMST-22 U JI| ZH#fi  Sichuan, Solarmm lycopersicum
Y25 =/ & Yunnan, Solamm lycopersicum 0.05
[ B
0.05 A
|

B3 ET2FFIHEZNTEEMRLEHES (A NPEEKKEHES (B) FESEWHELH
Fig.3 Phylogenetic analysis of TYLCCNV (A) and PaLCuCNV (B) isolates based on full length DNA-A sequences
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23 DEDNAPpIFHILE

BEALIEEL YMS. YMS8. SC239. SC249 il SC255 & DNA Mk, FIFHXU47# DA DNA B
W51 p01/B02 HEAT PCR &34, M PCR =447 e b, SHhiE 1| ~ 3 A sw AT E H1 I E
AP A0E RS 9 > DNA B 7> T 41K /INE 1340 ~ 1 357 nt 2 [A], HAX IR 7 AU AR LU AR
88.8% ~ 100%2 [, HI45 TYLCCNB-[SCOSIAHI: & 5, 15 87.7% ~ 94.5% 2 [i] . X462k L1,
DNA B #J°4 TYLCCNV [ 24T TYLCCNB. %1 TYLCCNB 2= K7 FIR4 e b4 ¢ 20, Frfa
VNI oy BAS 20 TR 2 PR, IS o B 1 AN &%) TYLCCNB-[Y25] 5%
KEmE (KB4, FIHYH TYLCCNB B4R 514 Y10B/B02 Xf 36 fi#fihib4T PCR 414, &
RHKW, FraFEs¥IER TYLCCNB (K2, C).

0.05 SC255-6 4JI| & Sichuan, Solanum lycopersicum
SC255-5 4JI| & Sichuan, Solanum lycopersicum
SC255-3 4JI| & Sichuan, Solanum lycopersicum
SC255-1 4JI| & Sichuan, Solanum lycopersicum
SC239 Y JI| #&Hh  Sichvan, Solawmum lycopersicum
100 SC65 JUJI| Ffhi  Sichuan, Solanum lycopersicum
SC249 )1 F&Hf  Sichuan, Solamum lycopersicum
YMS [4)1] #&ff  Sichuan, Solamum lycopersicum
YMS-1 [4JI| Z&%li  Sichuan, Solamm lycopersicum
100 YMS-4 [4Ji| Z&%fi  Sichuan, Solamm lycopersicum
100 Dalil98 z=§f 5% Yumnnan. Herba Artemisice Annuae
100 4E Y43 @ B Yunnan, Nicotiana tabacum
Y5 =@ E  Yunnan, Nicotiana tabacum
Y25 =/ &G Yunnan, Solanum torvum Swartz
G102 ]~ #HEL  Guangxi, Nicotiana tabacum

100
100

90

100

100

Y8 =@ ME.  Yunnan, Nicotiana tabacum

Y36 =@ MEL  Yunnan, Nicotiana tabacum

100
Y38 =@ MEL  Yunnan, Nicotiana tabacum

- 100 Y64 = 552 Yunnan, Siegesbeckia orientalis Linn.

IQE Y10 =@ BB Yunnan, Nicotiana tabacum
Y244 Z=wi B, Yunnan, Nicotiana tabacum

100 Y231 @ B Yunnan, Nicotiana tabacum
100 Y322 =8 §l5G  Yunnan, Solanum torvum Swartz

100 [ YN72 =@ 2FE%  Yumnan, Datrua stramonium

100 Bean-YM Z=#j Y. Yunnan, Phaseolus vulgaris

Y295 =i B, Yunnan, Nicotiana tabacum

Y11 =@ MEL  Yunnan, Nicotiana tabacum

100 Y264 8 B, Yunnan, Nicotiana tabacum
100 [ Y278 8 B, Yunnan, Nicotiana tabacum

4 ZT DNA p £FFIaERMHESFHELMHFEEIETRRE S Bt LR
Fig. 4 Phylogenetic analysis of TYLCCNB isolates based on their full length sequences

24 FEESREREN

HTFTE YMS HRS I BP9 Ao A 5, 4 BEAR DY )1 30 b o A AR mg E AR G, 0l
11 PaLCuCNV & TYLCCNV (R4 S E 514 YMIP-F/YMI1P-R il YM8T-F/YMST-R %} 36 13 FF 4T
PCR §73% (& 2, DM E) . &K, 35 3FE5h52 3] PaLCuCNV fl TYLCCNV HIE G512 4,
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A —MFEMR TYLCCNV PR Y, EEREEN 972% (K1) .

&1 ME)IBHEERH TYLCCNV §1 PaLCuCNV 4 F 54 PCR #&7
Table 1 Co-infection of TYLCCNYV and PaLCuCNYV on diseased tomato samples in Sichuan by PCR detection

. TR /%
Hu 5 e . ,
Percentages of viral detection
County Number of samples
TYLCCNV PaLCuCNV TYLCCNV + PaLCuCNV
ZI581 Hongge 25 100 100 100
# % Yimin 11 100 90.9 90.9
M1t Total 36 100 97.2 97.2
N \/\
3 ik

ML FR W, MDY 1 BE R A6 T SR AR (0 3 i 2 A il ik A G P R I 2] TYLCCNV. Al
PaLCuCNV WM R 5, HE SR IMEHFE L 97.2%, H 36 rFfahBEiA LA s+
TYLCCNB.

ARLESVEIREE By 3% B TYLCONV PR (X R AR 25, 1998), Ct/afExm~ VU)I A&
MR EAEY) ERIMAEFHE (Xie et al,, 2003; AEHE 4F, 2011), [FINYEIXHIIX 56, 354580
KL TYLCCNV/DNA B i # S &M IR 4 e, HENELY RiEs G2 55, 2004; f
W, 201D AR TYLCCNV-YM8 5147 TYLCCNV 43 B4 e 9T 0 Hr kB, 5 HoE
Yok A BOT L4 B H 2 F JCUE R 43 B9 TYLCCNV-Y295, AN 2009 FAE 1% X 7 i 14
H%E M TYLCCNV-SC65, KUbHEM e 1T gekiEA RN, s EHANRIGRAET LR XA
TYLCCNB #4775 53 8 R, ABF5E 43 A3 21 1) 9 N BAE S TRATIR 4135 2009 470 %X
Sy A2 TYLCCNB-SC65 AHME Sy, H A VUG B s i DA A — N3, 5
RN EY) TYLCCNB-Y25 54 K R EUE. TR M, PaLCuCNV fEaFg VY1 X AR e fE 5
FRIE, K G PaLCuCNV-YMI Fl PaALCuCNV-YMS [y, AWF50%) o [E S ikiE ) PaLCuCNV
BT 3 B B S R BT T 2087, 45 R W] PaLCuCNV Fh AR AR K, H& 20 B4 AU Hh 7
EYR TS . AW FT 43 H PaLCuCNV-[YM1]#1 PaLCuCNV-[YMS8] 4 PaLCuCNV-[G30] .
PaLCuCNV-[HeNZMI] Al PaLCuCNV-[ZM1] HABIE 4R R, X 5 DN — DAy
o H S A BBRIE T . TR A S )V T AHER R, DRI I 20 B A DY )]
(1) AR AR TT R B2 2 d i e ) 9 B B

W AERAT KXATR BEAL 2 B EYI R 28 5 B AR Y IR R I S, BRI 2 Mo 78 5
HIR Yol PR AEBE 2 A DA 2> T (Ala-Poikela et al., 2005; E[A]FH, 2007; Yang et al., 2008;
Brig &%, 201D, AR, BRI RIRM, MiE AR e ik N EA a5, A
SR FAEAE I 2 T B8 AR LI % — J7 10 o] fig 5 300 B8 2 18] A2 P A= 4 I AT I = 00 25 3= 16 e
F, Sy T NEG N TR R AR SR E A LA, e E AL AR BT R s R AT e L & BRI S
W NS ()3 E L, T R FEREA IR Z) J) (Monci et al., 2002; Owor et al., 2007; Chen et
al., 2009; Davino etal., 2009; Renteria-Canett etal., 2011). J;1& TYLCCNV/DNA B % & & &AL
#& PaLCuCNV ) C AT HRIELE T i AR Yo s, (AT 1 KL PaLCuCNV 5 TYLCCNV/DNA
B AR YL imi o e B ™ E A e o s AL s . B H R4 1, 7E PaLCuCNV HUBIE e (PR AR Hr 3 ok
K 5] U A DNA B 20 TIIFEAE, FRiEE Y] DNA B 5 X4 7 WL # DNA-A F1 DNA-B 3 [7)18 4
Ze i ml 5 H P E(FAEIR (Sivalingam & Varma, 2012) , i BA TYLCCNB %f PaLCuCNV {3 4t
e EAEMN, DLUEIX MG 82 B S AEE BAE, AR — 5.



2 1 fE H1%%: PaLCuCNV Fll TYLCCNV & 412 YL 5 | 5 7™ 5 1 35 h s AL il -9 275

References

Ala-Poikela M, Svensson E, Rojas A, Horko T, Paulin L, Valkonen J P T, Kvarnheden. 2005. Genetic diversity and mixed infections of
begomoviruses infecting tomato, pepper and cucurbit crops in Nicaragua. Plant Pathology, 54: 448 - 459.

Briddon R W, Bull S E, Mansoor S, Amin I, Markham P G. 2002. Universal Primers for the PCR-Mediated Amplification of DNA : A molecule
associated with some monopartite begomoviruses. Molecular Biotechnology, 20: 315 - 318.

Bull S E, Briddon R W, Markham P G. 2003. Universal primers for the PCR-Mediated amplification of DNA1: A satellite-like molecule associated
with begomovirus-DNA f complexes. Molecular Biotechnology, 23: 83 - 86.

Chen L F, Rojas M, Kon T, Gamby K, Xoconostle-Cazares B, Gilbertson R L. 2009. A severe symptom phenotype in tomato in Mali is caused by
a reassortant between a novel recombinant begomovirus (Zomato yellow leaf curl Mali virus) and a betasatellite. Molecular Plant Pathology,
10 (3): 415 -430.

Davino S, Napoli C, Dellacroce C, Miozzi L, Noris E, Davino M, Accotto G P. 2009. Two new natural begomovirus recombinants associated with
the tomato yellow Leaf curl disease co-exist with parental viruses in tomato epidemics in Italy. Virus Research, 143: 15 -23.

Deng D, McGrath PF, Robinson D J, Harrison B D. 1994. Detection and differentiation of whitefly-transmitted geminiviruses in plants and vector
insects by the polymerase chain-reaction with degenerate primers. Annals of Applied Biology, 125 (2): 327 - 336.

Fauquet C M, Briddon R W, Brown J K, Moriones E, Stanley J, Zerbini M, Zhou X P. 2008. Geminivirus strain demarcation and nomenclature.
Archives of Virology, 153 (4): 783 - 821.

Hanssen I M, Lapidot M, Thomma B P HJ. 2010. Emerging viral diseases of tomato crops. Molecular Plant-Microbe Interactions, 23 (5): 539 - 548.

Liu Yu-le, Cai Jian-he, Li Dong-ling, Qin Bi-xia, Tian Bo. 1998. Tomato yellow leaf curl China virus — A distinct begomovirus. Science in China:
Series C, 28 (2): 148 - 153. (in Chinese)
HALR, SAEN, B4, ZR3E, Wk 1998, Hr i 8 A0 M s —— XU EE ) —ANB A, ThERRE: C 4, 28 (2): 148 - 153.
Mansoor S, Briddon R W, Zafar Y, Stanley J. 2003. Geminivirus disease complexes: An emerging threat. Trends in Plant Science, 8 (3): 128 - 134.
Monci F, Sanchez-Campos S, Navas-Castillo J, Moriones E. 2002. A natural recombinant between the geminiviruses Tomato yellow leaf curl
Sardinia virus and Tomato yellow leaf curl virus exhibits a novel pathogenic phenotype and is becoming prevalent in Spanish populations.
Virology, 303 (2): 317 - 326.

Moriones E, Navas-Castillo J. 2000. Tomato yellow leaf curl virus, an emerging virus complex causing epidemics worldwide. Virus Research, 71
(1-2): 123 -134.

Nava A, Londono A, PolstonJ E. 2013. Characterization and distribution of Tomato yellow margin leaf curl virus, abegomovirus from Venezuela.
Archives of Virology, 158: 399 - 406.

Owor B E, Martin D P, Shepherd DN, Edema R, Monjane AL, Rybicki EP, Thomson J A.2007. Genetic analysis of Maize streak virus isolates
from Uganda reveals widespread distribution of a recombinant variant. Journal of General Virology, 88: 3154 - 3165.

Peng Yan, Xie Yan, Zhang Zhong-kai, Zhou Xue-ping. 2004. Molecular characterization of Tomato yellow leaf curl China virus and its associated
satellite DNA infecting Siegesbeckia orientalis. Acta Microbiologica Sinica, 44 (1): 29 - 33. (in Chinese)
oM WM, SRAMEL, JHT. 2004, A2 GRRRG A E RA0 MR R S TR DNA IR A S RRAE. RS, 44 (1):
29 -33.

Renteria-Canett I, Xoconostle-Cazares B, Ruiz-Medrano R, Rivera-Bustamante R F. 2011. Geminivirus mixed infection on pepper plants: Synergistic
interaction between PHYVV and PepGMV. Virology Journal, 8: 104.

Rojas M R, Gilbertson R L, Russell D R, Maxwell D P. 1993. Use of degenerate primers in the polymerase chain-reaction to detect
whitefly-transmitted geminiviruses. Plant Disease, 77: 340 - 347.

Ruan Tao, Yang Hui-fang, Yang Shui-ying, Sun Xian-chao, Qing Ling. 2013. Molecular characterization of Tomato yellow leof curl virus (TYLCV)
infecting tomato (Lycopersicon esculentum) in Jingyang County of Shaanxi Province. Journal of Agricultural Biotechnology, 21 (1): 97 - 105.
(in Chinese)
Bt W, Mshs, MoKsE, MR, B2 2013, 43 B A BRSBTS A A0 # R (TYLCD) BI2r THRFAE. Rl HR
#, 21(1): 97 - 105.

Ruan Tao, Yu Yun-qi, Bao Ling-yun, Zhang Jing, Qing Ling. 2011. Identification and detection of mix-infection of whitefly-transmitted



276 W 2 % 41 %%

geminiviruses on Malvastrum coromandelianum in Miyi County of Sichuan Province. Acta Phytophylacica Sinica, 38 (5): 419 - 424. (in
Chinese)

Bt W%, Ta#, Bz, K & F #2011 PU)IPR S B AL XU > T B A S R AN, AR 24, 38 (5):
419 - 424.

Sivalingam PN, Varma A. 2012. Role of betasatellite in the pathogenesis of a bipartite begomovirus affecting tomato in India. Archives of Virology,
157: 1081 - 1092.

Song Xi, Shi Ying-chun, Zhang Shi-chen, Liang Yan, Wang Nian, Chen Shan-yi, Zhou Tao. 2013. Detection and preliminary strain identification
of the pathogen induing tomato yellow leaf curl disease in Beijing. Acta Phytophylacica Sinica, 43 (2): 113 - 119. (in Chinese)

KB AR, SKIER, B, B, BRESL R . 20130 dRnTH X A A A I 0 B B e SRR R INAE S . T
PR EEEAR, 43 (2): 113 - 119.

Wang Xiang-yang. 2007. A mixture infecting of Begomovirus with yellow vein on Ageratum in Guangxi Proince. Acta Phytopathological Sinica, 37
(6): 679 - 682. (in Chinese)

EFIBH. 2007, ] AELLET 5 ROp AT R L2 Pl < (AL 0 53 R R 2. R BEAEAR, 37 (6): 679 - 682.

WulJ B, Dai FM, Zhou X P.2006. First report of Tomato yellow leaf curl virus in China. Plant Disease, 90 (10): 1359.

Xie Y, Zhou X P, Li G X. 2003. Molecular characterization of Tomato yellow leaf curl China virus and its satellite DNA isolated from tobacco.
Chinese Science Bulletin, 48 (8): 766 - 770.

Xiong Yan, Yang Shuai, Qing Ling, Zhou Chang-yong, Sun Xian-chao, Yang Shui-ying. 2011. Molecular identification and variation analysis of
the pathogen causing tomato yellow leof curl disease in Sichuan Province. Scientia Agricultura Sinica, 44 (3): 477 - 484. (in Chinese)

BE Ot b b, R, WU, PMIUE, MKIE. 2010, DU A t R IR 2 TR SR A T ARNMERLE, 44 (3):
477 - 484.

Yang CX, JiaF, LiuZ, Cui GX, Xie LH, WuZJ. 2008. Mixed infection of two begomoviruses in Malvastrum coromandelianum in Fujian,
China. Journal of Phytopathology, 156: 553 - 555.

Zhang H, Gong HR, Zhou X P. 2009. Molecular characterization and pathogenicity of Tomato yellow leaf curl virus in China. Virus Genes, 39 (2):
249 - 255.

Zhang Sheng, He Wei, Yang Hua, Cui Yuan-yu, Sun Xiao-jun, Zhang Ya-li, Zhang Xin-min, Zhang Ju-hong. 2012. Occurrence and control of
Tomato yellow leof curl virus (TYLCV) disease in Xinjiang. Xinjiang Agricultural Sciences, 49 (1): 105 - 107. (in Chinese)
ik T AT A, A M, REJCER, IMNBETE, SRS, SKOBTR, TKZGLL. 2012, BrsE kAR A an vope M R, BisRARO RN, 49 (1):
105 - 107.

Zong Yuan-yuan, Liu Lei, Li Tao, Sayed Rashid Ali Shah, Zhou Long-xi, Sun Yu-yan, Zheng Zheng, Zheng Qi-gong, Fan Shu-ying, Li Jun-ming.
2012. Mapping of QTLs conferring the resistance to Tomato Yellow Leaf Curl Virus (TYLCV) in Solanum lycopersicoides. Acta Horticulturae
Sinica, 39 (5): 915 - 922. (in Chinese)
sebdld, x| %%, % V%, Sayed Rashad Ali Shah, FJgit, fhEME, 0 U, M)ELh, L, AW 2012, KEMHAMGTIE ML
% QTL e hr. el 2244k, 39 (5): 915 - 922.



