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Tomato yellow leaf curl virus has been introduced in Shandong Province
since 2006 based on the detection of the virus within vector whitefly,
Bemisia tabaci ( Gennadius)
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Key Laboratory of Integrated Crop Pest Management of Shandong Province, College of Agronomy and Plant Protection,
Qingdao Agricultural University, Qingdao, Shandong 266109, China

Abstract: [ Background ] Tomato yellow leaf curl virus (TYLCV) is one of geminiviruses, which is transmitted by the sweet potato
whitefly, Bemisia tabaci. The virus can cause serious damage to economic crops, such as vegetables and tobaccoes. Previous data
indicated that the virus was introduced into the southern China in 2006 and then into Shandong in 2007. The virus has been gradual-
ly spreading throughout Shandong Province since 2008. [ Method ] In order to determine the dispersal time of TYLCV in Shandong
Province, we surveyed 15 B. tabaci samples collected from different counties in the province from July to August in 2005 and 2006,
respectively. [ Result] The results showed that the 4 B. tabaci samples in 2005 were biotype B and all of them were nonviruliferrous.
The 11 B. tabaci samples in 2006 were mixed with biotypes B and Q. TYLCV was only detected within 2 of 11 samples in 2006. Mo-
lecular analysis confirmed that the virus was TYLCV. [ Conclusion and significance ] The study proved for the first time that it was at
least in 2006 that the TYLCV was introduced into Shandong Province. The results have important guidance not only for the preven-
tion and control of this virus, but also have important reference value for the invasion biology of this virus.
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— LI DNA A% 75 (Liu e al. ,2013)
TYLCV & B 75 L) 6 %1 &% $L ( Cohen & Harpaz,
1964) . 1EFE[H ,2006 4= 3 H 7E i &3 TYL-
CV(Wu et al.,2006) , [FJ4E KA Z= WL 40 X R
AT R Al s Al i EE 0 ( Tomato yellow leaf
curl disease ,TYLCD) ( Mugiira et al. ,2008) , II&H%2
T 2007 AEAEGE TG BB E S E ORI AN
PROBIAMESE ,2010) , [FIAETESEL i 6 DXRK 28 3R 7
ARH % B B (X S0 45, 20125 PP SC 4%,
2009) . 2008 4 7E #E Ly | WA | A A5 Ml Js) 38 AR
(FMESCEE,2009) ,2009 44 T4 Bl K UK (4
HR4E,20105 228 (45,2010 XIGIHESE, 20135 XA
4655,2010) , & A7 448 4 Hh 1) 3 Al R IX, X 2
il A B 2 AR W 3 ™ e L A, — i
R, TYLCV £ 2006 474 A Fk [ pi 8 Jmg 1 i X

=1

2007 4E45 AL ZR 44,2008 45 J5 78 L1 AR 4% 3 2 T &
TEY 1L

REAWFFEF W], FI I PCR 475 122 AT APk 3 Ay
INE S R by B A A TYLCV (B 25 45,2013) . Oh
T TYLCV A% A LR 48 BB ), F AT
2005 4F-55 2006 4F L AR 48 M A EURDRE EAT T #5 Al
TYLCV (ARG, 73 T TYLCV & A () i 8] b H 5
M R 2R, A TYLCV 14 B 45 K AR A W 2 B
FRMHSE
1 #R57EE
1.1 g RiERE

2005 475 2006 4F 7 ~8 H , My AR bl 23 )R
AINARE A, FERAER 15 ARG BNk
LR . MR TR - 20 CARIR AT T IR A

W& B B R R R

Table 1 ~ Sampling information of B. tabaci in Shandong Province, China

LEGY ST A FhEEACHS 2% 3 1) JRRS T A= 17 LA Biotypes of B. tabaci (% )
Year Sampling location Population code Host plant B 0
2005 Vg Jinan JNMO5 Hi4E Cotton 100 0
W Zaozhuang 7ZH05 # JIN Cucumber 100 0
3% Liaocheng LCMO5 FiAE Cotton 100 0
LCHO5 # JIN Cucumber 100 0
2006 P Jinan INQOG HiF Eseplant 26 74
JNHO06 # JI\ Cucumber 68 32
1 Zibo ZBMO06 FiAE Cotton 18 82
7ZBQO06 i ¥ Eggplant 12 88
Wi3s% Liaocheng LCHO06 # JIN Cucumber 70 30
w7 Linyi LYQO06 i F Eggplant 22 78
LYHO6 #J Cucumber 34 66
&M Dezhou DZM06 4L Cotton 2 98
DZQ06 ¥ Eggplant 96 4
DZK06 F34E Cotton 22 78
755 Shouguang SGQO6 Hii ¥ Eggplant 48 52

1.2 EHEEE

Pk M ok B DNA R BU 7 ¥ 2 R W R 5
(2005) o FIH mtCOT & PH X 1l 4= 44 SR 4 1) 4 493 2L
APRLAE E R SO PR A Y RLRD B AU By Q Y
(Chu et al. ,2010a) . FE I, FATHIFH Vspl EFL) mt-
COI By (R PCR-RFLP J7 3% ) PRk 45 1)
B %15 Q #( Chu et al.,2010a) , JHHFE mtCOT F
Bty 12 08 Chu et al. (2011), T 51495 R-BQ-
2195 (5'-CTGGTTYTTTGGTCATCCRGARGT-3") Al
F-BQ-2819 (5'-CTGAATATCGRCGAGGCATTCC-3") , ™

HEPEYIR/NAY Oy 620 bp, PCR P=HAYIIR L 1.0%

BRUIR BB IR HL PR 70 2, EB e (8 )5 78 S A AN
WS T SRE R . BAFIEERI 50 ko [RImF, 2 1
HE— 2D MR A B, A DRI RE 3 Sk A ELAY
mtCOL PCR =¥y EEAT X I 1
1.3 E#pEIES TYLCV il

A TYLCV % 55149 ( L ¥F 514 5'-CGC-
CCGTCTCGAAGGTTC-3"; Fiif5|4) 5'-GCCATATA-
CAATAACAAGGC-3") BEAT Y™ 44, 51 9 B B i A &
Z B (Pico et al. ,1998) . LIEHIK TYLCV JE[R 21
AR A3 B4R DA BE P 0B P X i, BCS b PCR 7
Py, 75 1.0% HUIERE B AL IKS  EB B0, BER S
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H22 4%

g2, X 1S At 750 Sk MRy mL (B3 A ARSI 50
L) #E47 PCR Al (2 1) o %F 50 4~ PCR =4 %
XL P 7 ELXHIN Y 47 Blast 4347
1.4 TYLCV EE 53 EE 4SS 7

345 TYLCV B [H 7512k B GenBank #1111 4% |
TIOR8 WL B3 H A (#2013 4810 A 15 H)
FELA [ 5 78 2 6ttt i EE (ToLCTWV ) FHEfHETE

i #h o R (ToLCPV) M AMEE (R 2). H
MEGA5.05 241 % GenBank & 1) TYLCV FlAs
WA P51 (4524 SD1 ~ SD10, AR5 ) it
FTFe 50 53 M, I LA AR . R A Kimura2-pa-
ramter EE%%E%, LJQBT%/%( NJ) 1‘@}%%2%5(1, £S5
450 SO AR T (Bootstrap ) X £ 4T 1000 ¥R A4
SR

#& 2 GenkBank ##EE TYLCV & %5 5l & S 8%

Table 2 TYLCV reference sequence from GenBank database and outgroup

R £ BT KA A T 9> B SRAE AT
Virus Number Accession Sampling location Virus Number Accession Sampling location
TYLCV SDFJ646611 FJ646611 1% Shandong TYLCV ZJAM698118 AM698118 WiiT. Zhejiang
SDGQ352537 (GQ352537 117ZR Shandong ZJAM698119 AM698119 Wil Zhejiang
SDHM627880 HM627880 1175 Shandong ZJFN252890 FN252890 WiVl Zhejiang
SDHQ702861 HQ702861 1114 Shandong ZJFN256256 FN256256 WiiT. Zhejiang
SDHQ702862 HQ702862 11% Shandong ZJFN256257 FN256257 Wit Zhejiang
SDHQ702863 HQ702863 1I7R Shandong ZJFN256258 FN256258 Wil Zhejiang
SDJN990922 JN990922 & Shandong 7J1X675237 1X675237 WiVl Zhejiang
JSFJ646611 FJ646611 YI.75 Jiangsu ZJKC312671 KC312671 WiTT. Zhejiang
JSFN256259 FN256259 YI.75 Jiangsu ZJKC312672 KC312672 Wit Zhejiang
JSGU111505 GUL11505 YLJ5 Jiangsu 7JKC312673 KC312673 WiVl Zhejiang
JSJQ326957 JQ326957 VLI Jiangsu JapanAB014346 ABO014346 HA Japan
JSKC312662 KC312662 YTI.75 Jiangsu JapanAB110217 AB110217 H A Japan
JSKC312663 KC312663 YI.75 Jiangsu JapanAB116631 ABI116631 H A Japan
SHAM282874 AM282874 i Shanghai JapanAB116632 AB116632 H 7K Japan
SHEU031444 EU031444 [ Shanghai JapanAB439841 AB439841 H 7 Japan
SHFN256258 FN256258 7% Shanghai ToLCTWV ~ AM698111ToLCTWV ~ AM698111 Wi 71 Zhejiang
SHGU434142 GU434142 1% Shanghai ToL.CPV DQ092867Tol.CPV DQ092867 JEfEE Philippines
SHKC312668 KC312668 - if§ Shanghai
2 BRES PR AR 1) 2601, LR 2005 469 4 /1

2.1 HEHRAEMBERE
FIFH Vspl BY] mtCOT B iy J5 s X i by mLAE

1 2 3 4 5 6

1
Fig. 1

FrEUFPREE g B 1E,2006 AF [ 1L MR SRR
B RUFI Q BRI S FIAE

bp

2000

1000
750
500

250
100

B #/f0 Q A HE mtCOI E[F PCR-RFLP &
Vspl-based mtCOI PCR-RFLP pattern of B. tabaci biotypes B and Q

1 ~8: HUF SGQO6 HEf A ; 9: Q BUXIIE; 10 B BUXJ M ; M. DL2000 DNA ladder.
1 ~8: Whitefly samples of SGQ06; 9. Control for Q; 10: Control for B; M. DL2000 DNA ladder.
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2.2 MA#HEIET TYLCV Eb &

AR AR B TYLCV % Bl Jf-X) PCR 3
By H AT Blast 2387, LR 2005 4R 4
AR BRI R 2] TYLCV,2006 4E(7) 11 ~Fp
BEPA 2 ADFVEERCINE] TYLCV BYFETE, 23 5 R f

1 2 3 4 5 6

i) DZQO6 . F#t i SGQO6 (18 2) , fEIX 2 > FliE
TYLCV £ i1 28348 96% . M DZQO6 Ff i K 3 m
Q % TYLCV By 26k 100% ,B % TYLCV 14
LN 96% . M7t SCQO6 FHREMIE Al B B TYL-
CV K50 100% ,Q B TYLCV #6245 92%

7 8 9 10 M

bp

2000

1000
750

500

250
100

2 MEMEMLK TYLCV 32 H R EER
Fig.2  Amplification of TYLCV gene fragment using specific primers
1 ~3: JUH DZQO6 FEARAAR; 4 ~8: HLH SGQO6 FEAAMA; 9. FHIEXT IR, 10 BITEXSI®; M. DI2000 DNA ladder,
1 ~3: Whitefly samples from DZQO06; 4 ~8: Whitefly samples from SGQO6; 9 Positive control; 10: Negative control; M: DL2000 DNA ladder.

2.3 HEFTYLCVHIZERABHH

BT N IEM A R G (& 3) R, LA H
DR EUHE AT B TYLCV HE S i B 5 3R EL 5
WL TR X N H AR 35 3R Ry — 3, v W LU 7R b X
SR EHE A e BRI Af O TYLCV, BrErhE &
T A i h s 25 (ToLCTWV ) FEE A 2 2 i il -
B (ToLCPV ) ix 2 MM, TYLCV RS KT W41 Hh
332, Hof,2 ANar 3R M H AR TYLCV (B k52
AB014346 . AB110217 , AB116631 ., AB1166632 ) 41
B, 95 1 3 H A (B sk5 oy AB439841) Filrp [ 1
5 BV W LI LX) TYLCV 2.

3 #it5itie

ARG RN TR TYLCV £ AL A48 1 5
THAEEEROE TR USRI A TYL-
CV 5% FAEY# IR S 3408 BUAE TYLCV /Y
ARG ALY b B T AC LR AR A A ) TYLCV
(Pan et al.,2012) o AHFFEREERIRIY AR AL 1
JR i, AR TYLCV B4y, ik 5E % aE ) 2
AR ) 7Y AR D T, X AT BE S M A A
B AU Q BUHETEAGINAE R o AN, ASBIE ST A A T
RAWFREECE I A RIRZ , ] RER A BT 5T Y
SR R, AT REFATIRER W], TYLCV 1E

2006 fEFLE M AR, X5 Z AT 45 R AR,
A AHGE W], 4k 2006 4F TYLCV 14 A [E W J7
BRI X S, 7E 2007 4 4% A 1L 2R 48 I B J5 7F 45 HL i
i A

TYLCV ZE LR W BLAT AR S5 Q AU AR mL Y
NI G, Q BUAH A BUAE 1L 7R Hb X 3 28 2
2006 AEFF 44 HY 30 I ZAE S N (Chu et al. ,2007 ;
Chu et al.,2010b) . AWF5E HAE 2006 4F 1) 2> %4
FREERIN R TYLCV (A7 7E, & TE LA A B
WA & TRl A SeWF 9T 2B, Q 7R 4R 7
B3 (AN IEIK O PAL 1 30 2 1 AL 1% ) A8 1 5 i 4%
3T B A, Q BUAXS T B RIGEHE RIS TE 2 1
B, AEHSTE 0 B [B) PN 38 2995 B 19 5 5 2808 (Pan et
al. ,2012) , Pan et al. (2013) HF%5 30, TYLCV 5
Q HUE (B 4% 5 A PR AE B 00 (B X B A
HER, X PR T TYLCV e AFTfE S
Q ARy AL A A SN, B 5 JLAE TYLCV 1Y
KAATTRES Q BUARA B 2 — 204 #47 O¢ (Chu
et al. ,2010b)

LIRS G R BT T f# TYLCV i A=
TERE, T EXT T BE B B A R A HE T L It
A ATIEFE ORI KA U B 9 7 ik AT AR T
ARSI TYLCV , 7 vk a] ATEAE = e R
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Fig.3 Phylogenetic tree of TYLCV constructed with NJ method ( Bootstrap >70% )
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