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Influences of co-infection of tomato yellow leaf curl virus and tomato
chlorosis virus on the transmission of tomato yellow leaf curl virus
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Abstract Tomato yellow leaf curl virus(TYLCV)is a single-strand circular DNA virus transmitted by Bemisia
tabaci , which can co-infect plants with multiple plant viruses in the field, such as tomato chlorosis virus (ToCV)
and so on. RT-PCR and real-time quantitative PCR were used to clarify the influence of co-infection of TYLCV
and ToCV on the acquisition and transmission of TYLCV by B. tabaci in this study. The results showed that, the
rate of TYLCV transmited by B. tabaci feeding on the co-infected tomato plants was significantly increased,
compared with those B. tabaci feeding on the tomato infected by TYLCV alone, and the virus accumulation of
TYLCYV in tomato plants and B. tabaci was also significantly improved compared with the tomato plants infected
with TYLCV alone. Our results revealed that co-infection of TYLCV and ToCV in the field increased the
transmission rate by B. tabaci, and promoted the spread and epidemic of TYLCV.
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LB AEM iR B Begomovirus™ , BAG BEE (ss) B4R
DNA FHHFEHZ, /Ny 2.8 kb, TYLCV F 1964
AEAE LS B O IRIE , Bl 7E AR A b R A5
&, P ET 2006 7E LR E diED . TYLCV
FHJE R B\ Bemisia tabaci VIHE ANE T AL #ES)  1E
FH i) 3 B ) 358 2% 1 ik 80%6 ~100%6M , &y TYL-
CV Jq JfHtk & B R IF 1 L&l Bk, Mk A
2xAs/ AR N R R 95 B (tomato chlorosis
virus, ToCV) # )@ T KL IE W ETFE R Closteroviri-
dae, BILHE Crinivirus, T 20 22 90 4F4LH 1
TE I E 662 BLIR N B 1 R ARGE , Hh T 2004 FETER
BB KR E, 2 A B TR 35 AN E KO IX K
AT, ToCV S HAR RS EUAL 4 1 21 15 A RNA 5
BEo Al B M Ry mU R fd B A AR ST AT 3 M AR
100 %6/ &5 R, 5 K Z B0k W) 3 A [, ke
ToCV BYAHMRR I N & 56 K » i Ik 18] v fL iR 2
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1.2 REAHE
1.2.1 FH+ TYLCV iy & &

F CTAB : 3B 0 9 5 DNA, RS54
TYLCV-F/TYLCV-R (% 1) ¥ # 1 Bt K JiF H
190 bp' ! IR KRR R 58°C, ZWFiZE | Wi ik
RAT R R AT, A0 R 5t i 4B (Vazyme) £ )
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PRSI AL DNAL G EL BB 1. 2.1,
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F TRIzol P H B i sk M0 A B8 RNA J5 H
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PEB|Y) ToCV-F/ToCV-R(F D ¥ 14, HI A B K
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¥ TYLCV i 8 42 Y 1 v B 4 Fh e & A R IR
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Frdk L 28 CHHRBE A b B 7. B ih b fE
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Table 1 Primers for virus detection in tomato and Bemisia tabaci
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Primer name Primer sequence Annealing temperature Fragment size Purpose
TETE hoemnemen
N
e Bpe et

1.3 BEMENXHMHBEXIMNKALERE PCRER
BT

1.3.1 ApfEdhs&eyzEar

LI TYLCV i DNA RF#EMg, L TYLCV-qF 1
TYLCV-qR(EE D e tEg 19 %5 14 TYL-
CV 1y AV2 gene (Gene ID: 949226) #4753+,
H R BeK o 100 bp, iR K 58°C L &5k
B RS R I RBCR R4, T 2X Taq Plus
Master Mix II (Dye Plus) i3] & #:47 PCR §" 14,
afifb i H i B S iE 82 2 pMDI8-T #hdk, 4%
LI A7 5 40 il Trelief™ 5@ Chemically Competent
Cell (U AR E WA RS R L 75 37 CHE R A b &5
3+ 12~16 h )5, A TYLCV-qF #1 TYLCV-qR H5]|
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C R B AT R 2wl o
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) & SRIBUTORE T 2R A0 53 5601 B TG I S5k v A
OD {E 5 » iz 11 A H R Bk ik B2 75 DUE: C=[(A X
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s
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1.5 ToCV 5 TYLCV E&EB# 3 TYLCV 25 %

MR R EEH TN

HUGE o f B 1 0 R mUiE AT 2 h LR AL S
GG RS BRI R R G R YR TYLCV iR e
15 d J5 MR AR AR 48 h,
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F 10 #R7 3~4 B B R i B ECE 48 h, B
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IRFEATUES A, R 1. 2.1 Tk Uy vk SR IO A 1
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1.6 ToCV 5 TYLCV & & {240 TYLCV # {2

EANEMITF AT RES SN

TRUIE o f B A 0 R EUiEAT 2 h LR AL S
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(TG AAE AR E Al 48 h, 23| 50 KA B M A mUis
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(R R T Al IR 48 h IR BR ARy L. 7E 15 d 5 HL
AR R FH 2 2R 0 SR D - 7y it 2
L, BLHER 5K,

1.7 HEIE

% F Microsoft Excel 2012 {4 %% P56 50 4%
IBM SPSS Statistics 21 78480 M. &A1= 4L
XA BRH TYLCV 2032 DL KRR 2265 1Y 52 ) 7
Hi by K AR [F] I L 52 G R e xt TYLCV (L3 32 1)
S EAE T e KRB R, B A=Y TYLCV 1%
BRI R R A2 B SR R TYLCV Jf{e gy
XFZEARIT P IS 2R B 2k 11 5% W 25 SR F B ST R AR ¢
DB (t-tesO AT 7 2250 M AN 25 573 S S5 PEAG 60 5 AE R
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TYLCV L3 L SRR R s mi R FH B R R Ty 22
3# (one-way analysis of variance, ANOVA) #:47
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Fig. 1 The standard curve of TYLCV amount by

real-time quantitative PCR
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I 7575 DL RICHT S5 5 T TYLCV BplAR Y i &
L AT A A L
2.3 ToCV 5 TYLCV £ & B3t TYLCV &5 X

KRR EER N

RIGZERFEI % TYLCV (55 R 500K B8k
R IE A G, B[R A BCR A BLP ICE ToCV 5
TYLCV & A RUMF AR MR BT TYLCV [
1REE R B S TR TYLCV S (2 e ) it AF ik
MR EL . 23K 25 SKIE 2 G R YL MR AR Y T
AR ECEE R R ih |, 15 d Je X TYLCV [
FEEEZRA 10 90 %1 74%, 50 SkAYBIBUE G 1R Y
FEARAR e 3 i () A A BN TYLCV [ 1% 8 %3458
F]100% (K 3),

BB AR YR TYLCV B3 Y 35 5 1 HE Ky
AL 10 d, FFAiiE R 553250 510 80201 6026,
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PR ALK SRR R AL W2 b B3P < 0.01) 10 5 20 25 30
a: Acquisition rate by Bemisia tabaci; b: Accumulation of TYLCV in BERERE/ d

Bemisia tabaci. The data are mean + SE. Different uppercase letters indicate
extremely significant difference between two treatments (P < 0.01)
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Fig. 2 Acquisition rate and accumulation of TYLCV by
Bemisia tabaci feeding on co-infected and single-infected tomato
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) K5 /NG 43 B AR AR TR B i R AL S AR e SR
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AP >0.05), 7 ok kg B FOR PR R 7 N2 17£0.05,
0.01710.001 7K -2 57 . 3%

Different capital and lowercase letters on the bars indicate significant
differences in the transmission rate of TYLCV by different numbers of
Bemisia tabaci under the same infection conditions, respectively; ns
indicates insignificant difference between two infection types (P> 0.05) .
xR ok kA% indicate significant differences between two infection types
at 0.05,0.01 and 0.001 levels, respectively
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Fig. 3 'Transmission rate of TYLCV by different numbers of

Bemisia tabaci on co-infected and single-infected tomato
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Days after virus infection

a: f&33 b Flint ) ATYLCVRUR B e A PR Fom A~ Ab BE
ZIHZERBEP<0.05)

a: Transmission rate; b: Accumulatoin of TYLCV in tomato leaves. Different
letters indicate significant difference between two treatments at 0.05 level
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Fig. 4 Transmission rate of TYLCV by Bemisia
tabaci and accumulation of TYLCYV in tomato leaves after

co-infection and single infection for different days
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a
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H
Infection type

H: R R [ Bt FIEARE DR . /NG FREROR AL BRI 2%
RBFEP<0.05)

H: The healthy plant. The data are mean + SE. Different lowercase letters
indicate significant differences at 0.05 level
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Fig. 5 Contents of chlorophyll in co-infected, single
TYLCV-infected and healthy tomato leaves
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AR R R R — . TYLCV 5 HA i 7
TEHIZS 5 A2 ARG, 2014 AEFEFRE LR B IR KR
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AL Y TA B A 52 R LA S i 24 2 0 () R e 20
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B FIACEAR DG A . AT BIETY A B0, Bt A A7 L
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