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Identification and evolutionary analysis of Tomato yellow leaf
curl virus isolates in China
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Abstract Tomato yellow leaf curl disecase( TYLCD)is an important disease of tomato caused by many geminivirus-
es. A geminivirus was found in 25 of the 51 samples collected in Beijing, and complete genome sequences of 10 iso-
lates were determined. All of the sequences contained 2 781 nucleotides encoding six proteins and shared more than
99% nucleotide identity with Tomato yellow leaf curl virus-Isracl(TYLCV-IL). Genetic analysis based on the ge-
nome sequence of TYLCYV isolates in China revealed that TYLCV had little genetic variability, and phylogenetic
analyses showed that they clustered into three groups.
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IEEBZ RBUE R RE TR G . Fauquet SE4i1E 7
W22 F) 60 ZRNUERTEE MR Y AEFR IR G
T BB RE 29 Bl A 455 75 0t B A s
FCTYLCV)'™ | v [ 7 i 4 il 99 B ( Tomato
yellow leaf curl China virus, TYLCCNV)F 7%
T Al M5 55 (Tomato vellow leaf curl Guang-
dong virus, ToYLCGDV )™ | 2 [ 7 it w4 Ak iy i 7%
( Tomato Thailand
TYLCTHW™ , dr [ K Af ith i 28 (Tomato leaf curl
China virus s TOLCCNV)U | ¥ 5 7 i il 96 25 (To-
mato leaf curl Hainan virus, ToOLCHnV)"Y , & 15 3%
T e EE (Tomato leaf curl Taiwan wvirus, ToLCT-
WV o [ 7% A I 9 5 (Papaya leaf curl
China virus s Pal.CuCNV) 2 F4H L i 22955 75 (Tobacco
curly shoot virus , ThCSV)! 4

TYLCV & i b A A AR % 5 f) — U
7, R E T 2006 4F7E LG EROR I L B S B R
JEH B AT A P R R T R [ B
BEZE D1 AR L XN P A A [ TYLCV 43k LA
TILERR : Tomato yellow leaf curl virus-Gezira
(TYLCV-Gez) . Tomato yellow leaf curl virus-
Mild(TYLCV-MLD) , Tomato yellow leaf curl vi-
rus-Iran(TYLCV-IR) . Tomato yellow lea | curl vi-
rus-Israel (TYLCV-IL) fil Tomato yellow lea f curl
virus-Oman(TYLCV-OM)' | 2009 4EJb 5t #1 X 1
UHRIE T TYLCD & A=, B fa AR 451 b st
MR R TYLCVAIL #R RV . it — 25 B i
EJUAEAE ST IX TYLCD 5 JEFh 2 A8 4k DL R g i 5
PR 2H 72 S R AR A 1 00, FATT T 2011 4F — 2013 4R 43
FAEILE AR X H R4 TYLCD SERUktk . 647 T
T B 48 S o BT RE I L 51 A

1 #MREFZE

1.1 HmRE&E

2011 4F—2013 4F 43 A ZE IR P-4 IS
K% 5 Ll D R N 1) I % R R SR S 3 3
BEALA BERER I A R IR AE T — 80 CUkAE. #%
e T REa e/ a1 N
1.2 Ak
1.2.1 FE&KA

FERIZH DNA PR 42 B ) & R0 3 i 0 e e
DNA e 24k F R ) £ s INTPs Ex Tag DNA

yellow — leaf  curl vIrus

AW R pMDI8-T | & $2 M KW T 3 (Esche-
richia coli ) DH5a & TaKaRa 23 &) 7= i o
1.2.2  FHFE a5 DNA B4R B

FE5h DNA i TaKaRa MiniBEST Plant Genomic
DNA Extraction Kit $2EC %G Gt 45184
1.2.3 546/

Z: M GenBank H 3B (1) f& 3 2 A 10 WAL 5 75
DNA-A J# 51, i i Blastn Ho X, #2 35 H P 51 4 55
LB T 3 X451, F1/RL T4 0 50 1
DNA-A #R43 IX 38, 5 F6/R6 414 i Be P e k15 42
3 F4/RS AT 97415 DNA-A 2K, 519 H BifEE T
HEYEARARA TG . 5IFIIILE 1,

1 ATFRNFTENERSFEIINS 9"
Table 1 Primers used for detection and
amplification of geminiviruses

5|94 F%  Primer BIWF%)(5'-3")  Sequence

F1 GATTGCADAGGAAGATAGT

R1 GCACAATTWCCATCCRAAC

F6 CGGATGGAAATTGTGCTGA

R6 ACTATCTTCCTCTGCAATC

F4 GAATGTTCGGATGGAAATGTGC
R5 CAGGCAGCTAAGAGCTCAACAG

1) R=A/G, W=A/T, D=A/G /T,

1.2.4 PCR ¥ # . 5 & FJ 7

PCR WK % : 10 X PCR W 88 il 5 o 2. 5
mmol/L dNTPs 4 u1.,20 pmol/L - Fii#E514145 2 ul.,
Ex Taq B 0. 5 pL, B4 DNA 1 oL, il ddH, O 2
SATRE] 50 pl. AR AE T PCRAY BT %
M. 5% F1 1 R1 PCR #£%: 94 °C #2844 min;
94°CASME 45 5,53 CiE & 30 s, 72 CHEff 45 5,30 4~
PE¥R; 72 C AL 5 min, 514 F6 Al R6 [y PCR &
JF:94°C i 28 PE 4 min; 94°C 45 45 s, 60°C 1B k
45 5,72 CHEAf 45 $,30 MEH; 72°CHE 10 min,
149 F4 F R5 1y PCR )% : 94 C il 28 ¥ 4 min;
94° CASPE 45 5,53 CiB K 45 s, 72 CHEf 90 5,30 4~
PEFR ;72 CHEAf 10 min, PCR Jz i LA A i ok FH
PEXT R, DU AR AR A B X B

¥ PCR 7™ 4y [l 0 v B 2] 20 /& pMD18-T I,
5 128 BH P v B 23 46 1 0 7R R kR R 4
W
1.2.5 FFaHr

19 F1/RL B934 R Be 5514 F6/R6 473
BXFH DNAMAN 144 (Version 6. 0) Hf 22 4515 5
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R 2H 4K 7% ; DnaSP #44: (Version 5) i3
43 Ry 81 1 AR S 4 s

AT B
AL B R I MEGA

(Version 5. 05) %4 neighbor-joining 7 g%, M
T3 Hr Y GenBank 31 I3 2.

x2 RBTRE#UREEESTONERSRERERARFT

Table 2 GenBank sequences used in phylogenetic and homology analysis

SR TE/ TS i ks TR/ TS i ks
Isolate name Location Accession no. Isolate name Location Accession no.
(I%I{IL X{:ﬁrjel‘c’hma R Fi AM282874 TYLCV-HBSJZ1 L KF612971
TYLCV-IR Al AJ132711 TYLCV-HNH] o [ R JQ004048
TYLCV-MLD S DD033365 TYLCV-HNKF o [ R JQ004049
TYLCV-Gez DS A AY044138 TYLCV-HNNH o [T R JN990925
TYLCV-OM i i DQ644565 TYLCV-HNZZ e ] ) g K(C312661
TYLCCNV-Chu HESH AJ457985 TYLCV-HuBWHI1 rh L KC312659
TYLCGAV HRETM AY602166 TYLCV-HuBWH2 eh AL KC312660
TYLCThV o = AJ495812 TYLCV-JLSY o [ 5 bk KC702798
TYLCV-Israel_ Cuba e AJ223505 TYLCV-]S ERIESPAIIN KF906542
TYLCV-Israel_ Dominican Z ke m AF024715 TYLCV-JSNJ TS RA; K(C312662
TYLCV-Israel_ Egypt B AY594174 TYLCV-JSNJ1 LHERIWIN FN256259
TYLCV-Tsrael_ Israel L5 X15656 TYLCV-LNAS HEL T KJ754186
TYLCV-Israel_ Italy A DQ144621 TYLCV-LNBX o [ 1L KJ754187
TYLCV-Israel_ Japan H 7 AB192966 TYLCV-LNhudl R EL T KJ140787
TYLCV-Israel_ Jordan Z1H EF054893 TYLCV-SDLC FE L A KC312664
TYLCV-Israel_ Lebanon Z [ i EF051116 TYLCV-SDSG i E 4 KC999843
TYLCV-Israel_ Mexico BRYUEf DQ631892 TYLCV-SDWF i 1L 7R K(C312666
TYLCV-Israel_ Morocco JEE V& EF EF060196 TYLCV-SH i E GU434141
TYLCV-Israel_ Puerto &2 & AY134494 TYLCV-SH2 o KC312668
TYLCV-Israel_ Spain FEHEA AJ489258 TYLCV-SHXXAI e 5] B P KC312669
TYLCV-Israel_ Tunisia % Je Hi EF101929 TYLCV-SHXXA2 o ] o K(C312670
TYLCV-Israel_ Turkey SETELIEE AJ812277 TYLCV-SX8 o ] 1 Py TN412854
TYLCV-Israel_ US *H AY530931 TYLCV-SX73 e ] 1 P JX997798
TYLCV-AH o [ 22 GU434142 TYLCV-TJ e ] R GU563330
TYLCV-GDGY HhE 7R KF356163 TYLCV-XJKS o [ 7 e JX456638
TYLCV-GDSS E AR JQ867092 TYLCV-XJKS1 o [ e KC428753
TYLCV-HBO1 rh AT KJ850344 TYLCV-ZJHZ o [ L KC312671
TYLCV-HBFN R EERGIa[ KC702797 TYLCV-ZJHZ1 o [ L FN252890
TYLCV-HBS]Z RS R R[ KC312657 TYLCV-ZJHZ12 o WL FN256256

2 ER55H

2.1

DAFEA R A DNA SRR, A5 49 F1/RL %
SRAEMT 51 AMRESh AT PCR AN, For 25 ANRE 54314
532 660 bp FE5 55 RN 49%0(FK D,
2.2 DNA2FIHBMERILEFHRAEBKENS

S

VEFRAC FPERE L YQI1 - 1,PG11 - 4,SY13 - 2,

DX13- 1,.DX13 - 9.FSI3 - 2,FS13 - 3.FS13 - 5.FS13 -

10 #1 TZ13 - 1 4§ 10 A4 B kA7 2 3L R 41y 71
JE it PCR Y™ 5w ST 10 A5 B Py 3L R 4]
F/NER 2 781 bp CE S5 WL 4) , HAT ML ) X
o RE I P AL RRAE - A5 PR 5 DNA, JE4ts 6 4>
FERCR B AE CORE) 10 /™95 35 43 55 47 8] [R] Y5 %
99. 41% i1t NCBI Hoxt. 5 TYLCV [RIEMEAR & 4
5 TYLCV 2Rk R 7 R Lo A B (& 1D, ix
SRR AL U X B a3 55 5 TYLCV-IL
PR AR IR L 99 %, W H Ardb s s IX 512 TYL-
CD R JE R TYLCV A3k &8 TYLCV-IL,
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Table 3 Sampling details and detection results of collected samples
R B KA 8] /4F AGr U Rk /4> PRSI /4

Region Sampling time Tomato sample No. of tested sample No. of positive sample
FEPK Yanging 2011 YQl1-1~YQIl1-38 8 5
4 Pinggu 2011 PG11- 1~PG11- 6 6 ?
it X Shunyi 2012 SY13-1~SY13-12 12 1
K% Daxing 2013 DX13-1~DX13-11 11 6
Bl Fangshan 2013 FS13-1~FS13-11 11 8
i#H Tongzhou 2013 TZ13-1~TZ13-3 3 3
41t Total 51 25

&4 TYLCV LIRS EY GenBank ERER

Table 4 GenBank accession numbers of
TYLCYV isolates from Beijing

TYLCV 5riHy Bk
Isolate of TYLCV GenBank accession number

YQI1-1 KJ879950

PG11-4 KM506959

SY13-2 KM506961

DX13-1 KM506947

DX13-9 KM506949

FS13-2 KJ879948

ES13/=3 KM506950

FS13-5 KM506952

FS13-10 KM506958

TZ13-1 KJ879949

10q% 95:% 90:%
TYLCV-Gez.seq

TYLCV-MLD.seq
TYLCV-IL.seq
PGl11-4.seq
SY13-2.5eq
DX13-1.seq
FS13-2.seq
FS13-10.seq
DX13-9.5eq
FS13-3.seq
TZ13-1.seq
FS13-5.seq
YQI11-1.seq
TYLCV-IR.seq
TYLCV-OM.seq

94%

}EO/

99%
9 0

99%
99%
99%
99%

99%

92%|

99%
99%
99%

2 RBERFE R

The percentage on the node represents homology

E 1 TYLCVIREHSEME TYLCV EEHR AR IR ES

Fig.1 Homology analysis between Beijing isolates and

main overseas strains of TYLCV
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2.3 FZE TYLCV S EM#HAT RS

¥k BALRT 10 4~ TYLCV 5By 2y sl s
TR E A IX TYLCV 4384 4 )7 5147 L X, &
PR [R5 R 25k 98, 94%, B TYLCV 7E#Ek |
FLERNY . it —2 o iR E TYLCV 4 g4 5 A
2075 S B, ] DnaSP (Version 5) % 45 4> 3% [
TYLCV 4y Wi A7 1 4 5 4L )7 510 48 53 53 4T
RIVEAFER A (A8 SR R 50, f R AR S50
HAE IR X, 7540 1 AR S (a4 F AC2 Fi AC3 (1)
ORF HY52BA4b  fe sy X B T ACL ORF Hia] X
B(E 2),

AV2 AC2 AC4
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Fig. 2 Distribution of genetic variation estimated by

nucleotide diversity(Pi)of TYLCYV isolates in China

3 [ 25 A v Akl s B AR M s AR
[ 4, 2% 57, Stk — 28 43 1 3K I A 8t Ak it i o
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MEGA (Version 5. 05) ¥} neighbor-joining J5 {4 &
T ARG (E 3) .
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Fig. 3 Phylogenetic tree of the genomic sequences of TYLCV-infecting tomato isolates from China and other countries
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RS YN G TN T B AN = e '
TR RS FEE TYLCV 73 24 5 85 P Ao 25 4
(TYLCV-Israel_ Mexico) % 5= & fe il s 5 WM
FL A ZLEIC AR E R E W IR I Pk 2B
B 2KJe Ll & 3 TYLCV-Tsrael 43 854 5%
KRRZ . FRETSHN 3 Tl w22 1) F i SUE R
Hh ] 7m0 s e o B 9 (TYLCCNV-
Chw 5 HA, & HH DL & LI 5] TYLCV-Israel 43
BIVIRGR R B ) R T iiE fe i i 7 (TYL-
CGAV) ™ 7R 43 85 W) Fn 2% [ 35 il 3% 16 il nl s 55
(TYLCThV) mm 3845 TYLCV-MLD 43254 .
TYLCV-OM 43 B4 . B AR oy B BE % BF DA 22 Y
YA TYLCV-Israel 53 EWI5E 5 KL R AT

3 itig

ARG XS 2011 4F — 2013 4FR B FAL 5 A A IX.
SRR B 51 AT AR S AT T AR
BEFAS I, BAE 2R R 49 %6, T B b 5T 3t X 7 i AU
I B G MR OR ARG 38 5 % FR 4 A e 1k PH MR 2B A T
TS H ALY BT A E AR AT 10 SR EE
BT R X R R T RO [R] XL 9
BArEY S TYLCV-Israel £k & [ VR M & . #E 0
Hijdb et # X 5] #2 TYLCD %5 25 TYLCV, 1
Pk RN TYLCV- Israel #£ %R,

Jentiy 10 4~ TYLCV 43 859 47 41 5 3 [ H:
ik X 14 35 4~ TYLCV 4> B 9 4 5 41 [a) I 2% Ky
98.94% , | F DnaSP Xt t31 45 4~ TYLCV 43 &4
R A JE R A 3 9 A8 S o i I e B, TYLCV AE
b I ey T LA R AL A8 S5 AN 385
() B K AR I (EAE IR X, B4 1 AN I E AL T
AC2 1 AC3 ) ORF 158 & Ak, f i 57 KB T
AC1 ORF Hrja] X35,

R I E TYLCV 5345 TYLCV-
IL ¥R R AL F[Rl—3 3, RUTHATIRE TYLCV R
LA TYLCV-IL RARFEBR R ; K [E TYLCV 73 54
TEHEAER AT 43S 3 A~ AR DAk 3 DX 38 £ 132 43 A
TYLCV ABETRE W 2 R854 ) AR B EATL IR
2R L H H AR U U — B WA AT A T ) PN B
E , J2 B AR5 KR A TR P S T LA B 1 1 R 2
S5 H R [ R i T V6 L DX i S O B 2R T R Ao
o FAL & X B/ TYLCV #4087, K451l
RERUE T AR BELR » /INER 3 R T LT3 B 2k s W

TYLCV 73 &) 5 HABE K TYLCV 3 B ¥) 55 4 0%
o RM.FE TYLCV 2354 5 BV 50 58
(TYLCV-Israel_ Mexico) 254 % R iz il, 5 WM
FLYH RO AR E R e B 3R K B 2 B
% 2ok & 3& B TYLCV-Israel 43 854 % &
W2 R T TYLCV-IL Ry a4k 72, f bt
DU [ 5K 22 )50 ) 22055 52 ) ] R e I 28 i K R
BLAR I W BB —Fh 7, MR E 4 3 R
BT OB NG B SR 2 OC R A BT b s v B 2 AL
Mm% = B4 B (TYLCCNV-Chw) 5 H AL +
HHP L5 TYLCV-Israel 43 B W) 36 % % R i
)R TR A A R B (TYLCGAV) Fi s 5 3
FHE LR 2 (TYLCThV) Z 4 895 TYL-
CV-MLD 43 &4 . TYLCV-OM 4 B9 . 75 K F L iy
B BRI AF DL KPS BEF 1 TYLCV-Israel 43 85 4 5%
G RO, UL 25 5% A5 8 I LR Y T ik i A [
WA B (8] 928 S AL A A o b — 2500 #

Zi BTk, TYLCV 19 & R 5 00 8 ml i) 12 Bk Fi
BACRA 5 22 2 010 o DAL L Jom i 17 A A G 000 R A8 A3 3L
[ B TR TR 2o B AR R A

S22 3Lk
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