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JINZE 4B 2% B 0 9 5 IR 42 U 2 AR BY
§I5I=7J""‘5'E SEERL

T %, [Mi#, KXE, RFE, TOW’

(RO B2 BEG A AESFITTE BT, bt 100081)

W, [ 849 ) N EAR L% % & (cucurbit chlorotic yellows virus, CCYV) 5 i 55k & 4 65 gy @4
2\ Bemisia tabaci ¥+ X MAEIE 09 —FP A Im A, B INEES R = T 2% Bk, PCR ¥ 3g 24 m
FRRA A F AR AL AT CARE F| 3T e AR A M B AT AR TAE T E AR RBF
B, AR G AL IF ik % 25 AL PCR £ 3563 E A TR AN I MAYT 8IKE, [F
I ERAH CCYV HARERTE Agrobacterium tumefaciens GV3101 B #k B & R L 13 F 3£ 1% %%
CCYV Fak3 et B cDNA A4l 2+ %, A 14 2+ PCR 3145 ¥ fh ik th =T A F A& 24 m CCYV #93]
4@ﬂﬁgﬁskﬁ‘wWMu%ﬁﬁcmV%ﬁﬁﬁﬁ%ﬁ%%mﬁﬁm#ﬁdmA%ﬁﬁ,
i ik k6 4 23] A RGR KGR E 34T PCR 43 694852 M fe R BUE AW 5 A A 4 5Tk PCR 314
xf 13 % B @1 69 08 BUR & B F ALY et B e B R AT A leiE, [ SR A SIREH
14 513 %k 55 ik R 4 33 3] 45 7T B Bk st 36 4 CCYV 6948 RAFH GV3101 Bk & 242 445 CCYV [a
M Nvt b cDNA AT Y 3, FRAREGT HEF, ZHREXMNER BT, KL 4 3519
T 2] CCYV 89 AN H cDNA #Z 4 0.25 ng/pl, A JA4kikey 4 5] #pidid PCR =} 13
R EEES AR R BREF T K 69 CCYV Al & I, M XA A 49 CCYV Fa b & 4
69.23% ., [ 456 ) kit 4 xT5] R 3T B eg ALY ¥ A2 5 T R T -3 4 A CCYV R J8 RATH
B F Az J ey ML et R VAR W TR #%i\r»;%;ﬁwé CCYV #4ml
I NEARGEH AR A WA A e F ik ol RAE; AR
RESEE: 0965.8  TEAFRIEAD: A XELHE: 0454-6296(2020)02-0149-10
Primer screening and amplification protocol optimization of rapid

detection technique for Cucurbit chlorotic yellows virus

WANG Ke, HE Yan-Yan, ZHANG You-Jun, WU Qing-Jun, WANG Shao-Li" (Institute of Vegetables
and Flowers, Chinese Academy of Agricultural Sciences, Beijing 100081, China)

Abstract: [ Aim] Cucurbit chlorotic yellows virus ( CCYV) is an emerging plant virus, in semi-
persistent manner, transmitted by the sweetpotato whitefly, Bemisia tabaci. Induced virus disease by
CCYV has caused severe economic losses to cucurbit crops. CCYV monitoring based on PCR method is a
common technique for detecting this virus. However, some commonly used primers have the problems of
unstable amplification results and insufficient reproducibility. This study aims to screen and obtain the
more suitable primers for stable detection of CCYV under optimized conditions. [ Methods] The bacterial
liquid of Agrobacterium tumefaciens strain GV3101 carrying CCYV and the ¢DNA from its infected
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cucumber leaves were amplified by PCR with 14 pairs of primers known currently to screen primers for
stable detection of CCYV. The annealing temperatures were also optimized. Using the ¢DNA from
cucumber leaves infected by A. tumefaciens carrying CCYV, the stability and sensitivity of the selected
four primer pairs in PCR amplification were determined. Then, the CCYV infection of 13 samples
including B. tabaci adults and host plant leaves collected from the field was detected and validated by the
selected primers and the optimized amplification procedure. [ Results] Four pairs of primers were
screened out from the 14 known primer pairs, which could stably amplify ¢cDNA from A. tumefaciens
carrying CCYV and its infected cucumber leaves, and the optimized amplification procedure was
obtained. Sensitivity test revealed that the minimum ¢DNA concentration of CCYV-infected cucumber
leaves in PCR assay with the selected four pairs of primers was 0.25 ng/pL. Detection results of CCYV
infection in 13 samples including B. tabaci adults and host plant leaves collected from the field by PCR
with the selected four pairs of primers showed that 69.23% samples were CCYV positive. [ Conclusion]
The selected four pairs of primers and the corresponding optimized amplication procedure could be applied
for accurate detection of CCYV in A. tumefaciens carrying CCYV, CCYV-infected plant leaves and field
samples.

Key words: Cucurbit chlorotic yellows wvirus; Bemisia tabact; rapid detection; primer screening;

detection sensitivity ; viruliferous rate

HH# B Bemisia tabaci J& 4 H ( Hemiptera ) #5;
R ( Aleyrodidae ) , g fH S B R AR ML L, A Ay
A 30 Z A YR (Bl ) 4 25 Fh (De
Barro et al., 2011) , A4 B 1 Q B4R A &2 AT
FEhFH RS E AR, A ARIRE DOk, A
[ 5 e Xof A Sty o AR Ay A b R AR B (T ex
al., 2017) , H. Q HUAR B LT [ R 23 3 X R T
B AL H w4 Y Y (Pan et al.,
2011) o HHT Q By EUHT 21 0 L AF 3238 Wk
Z AR TERE J1 7 (Ning et al., 2015) , L Fl
I T KA B FH R Y A 2 Ry

A3 T LA RS H I H T e 0 WA T
53 UL RS RS WSS AR A VERT . TRl A
Yoy B T 3 3 A7 R 0 R 2 AR ) 3 i T
&R N E AT . BT, MR B R Y
SRR 2 /D 200 F ( Polston et al., 2014) , 1 H.HT
18 28 H JEHY B 4 (0 R0 B AT E AN T A 52
B & B (Boykin, 2014 ), JK 25 4R &% % 1k e 5
(cucurbit chlorotic yellows virus, CCYV) J& i1 Jf#5 H\
PLERE AMETT R AL R r) —Fh RNA HEY) 9 55
J& T I i 55 B ( Closteroviridae ) 1) B I i 5 &
Crinivirus , H W 25 1F X B4% RNA 2H %, RNA1 405
o B S B 2 1, RNA2 4055 5 s 2R IR Yt
Y1 ARG REAT S B TR EEAE (X33, 20135 Shi
et al., 2016; Sun et al., 2017) , H. F (2L g K G
I EE A P R (CRU3IEE, 2013)

CCYV Jj5 8 2009 ZE7F H AR gk & i ( Gyoutoku es
al., 2009 ), J5 % #f & FE P b E K
( Wintermantel et al., 2019) . 7EF[E,CCYV HHFI1E
WL T i B ORI (Gu et al., 2011) Bl 5 7E
T R ACET LR A H A 24 Oy R 2wl
Ff42iE (Huang et al., 2010; Gu et al., 2011 ; 5K
&5, 2012 XU AR, 2013; B 2%4E, 20145 3Z25)
85, 2017 ; #plitgeds, 2017 A4S, 2019) 24536
| TR R RR AR 7l e 1 AR R AR Bl

CCYV {2 YL A Y 40) 191388 5 A 2R BUAE AR, PRt
PRI EE A 8 N7 X T BB BH L E 1200 B AL 16 S AL 1%
RB R R, ARTE GBI CCYV A7
A PCR P35 (Huang et al., 2010) (XLAR I L
it B £ 2F W Bt ) 52 3% ( double antibody sandwich
enzyme-linked immunosorbent assay, DAS-ELISA )
(Kubota et al., 2011) F1FFA4 S5 1R P 14 2 (reverse
transcription loop-mediated isothermal amplification
RT-LAMP) (Wang et al., 2014 ) &%, 15 A [6] /9 #6390
BRIl ARSA 5 THEAER AR PCR 474
Bio MBI EHRIE T AE R CCYV A 5 9 S H
K 5 ¥ ( Gyoutoku et al., 2009; Huang et al.,
2010; Gu et al., 2011 ; Hamed et al., 2011 ; 32175,
2012; Abrahamian et al., 2013; X3 I4E, 2013;
Keshavarz et al., 2014; Orfanidou et al., 2014;
Wintermantel et al., 2019) , #X 1 78 32 B & 0 iz FH A
TG A B, AN TR 5 %k R JHETC A DN A % 1 A
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LERAHA R A0 ) A2 M AN SR EE A AN A
IR AA 2R P T ARG S AR A AN [7) 3 A B 1 e e
BATERYZE R (B28R 45, 20085 AROE 4%, 2012),
I, i e A RT T A Mk B AU R SN A E ALY
CCYV YU A2 w5 | 40 K T3 1% , % T 25 14
IS WT RN S AR A mU B P B A 2B A
1 MRl57EE
1.1 R E R EwH A

A TR S >R [ E Ta] A RHOI 3K, 22 ) 3
AT SRR LA R EUSCR , 200 TR S
ARG HA R (BERh) Sy Q B (REFRAE, 2005) 5
M R o B BRI A CCYV Bt e
HEB B SAR D) R KR AT 13 4y, SRAE I [ A

Mo AREEAOCF BT 1,
1.2 FEiH

JATF CCYV {3 4L 5y MR 958 4% #1F & Agrobacterium
tumefaciens GV3101 Bk (43 3154 CCYV RNAIL FI
RNA2 fE 20 IR A ) ol T R Al 25 it e 280 42
H4 . EASYspin Plus A54) RNA s $2 Bt ) & 1
H AL LS AR WP CA BRA W], PCR 4785 L 2 x
Es Taq MasterMix 1 DNA 4i{ki7 & DNA Clean-up
Kit W VLT8R 20 2R R A B | FnifE 7
# DL5000 Marker I H TakaRa /A&, HoAb ¥ #0i
RS PSR TEA N
1.3 S|¥fdEfEama

HET O ARICER, S 14 X AT CCYV Y
e 551, 519 e ) R H Sk ok U5 4545 B I
2, KRG MEFE BAEY TR FG .

x1 HEHEMEBHRREESEEMHAFH CCYV RyRERSR
Table 1 CCYYV infection in Bemisia tabaci and the host plant leaves in the field

o RREA SFAEHL X B SREERRI(4F. H. H) N AFE A CCYV Jgye*
P o . o F LAY o
Tested Collecting Longitude and Collecting date Cultivation CCYV
No. . . Host plants
sample location latitude (year. month. day) mode infection
A g =)
B . T}‘ﬁi}mﬁﬂ- EH 37°30'N, 79°38'E 2019.08.23 ﬁﬁf[& jdﬂﬁ -
B. tabaci Hetian, Xinjiang Cucumis melo Plastic shed Yes
il S 3 o
kR R 35°04'N, 113°05'E 2019.09. 09 R K =
B. tabaci Wuzhi, Henan Cucumis melo Plastic shed Yes
MY RE: . e NE, =)
Gy AR 36°52'N, 118°52'E 2019.09. 15 CL 5 =
B. tabaci  Shouguang, Shandong Solanum lycopersicum Greenhouse Yes
o P e H 2y =]
BT, KA 39°25'N, 116°57'E 2019.09. 01 L i =
B. tabaci Wugqing, Tianjin Cucumis melo Greenhouse Yes
KA . T 2 H 2
}:I_H:ﬁ]j‘_ B S . 33°03’'N, E108°13'E 2019.07.20 ‘}[& . jdﬂﬂ =
B. tabaci Ankang, Shaanxi Cucumis sativus Plastic shed Yes
Vi T T ] /ﬁf = =N
kR it 19°48'N, 110°21'E 2019.05.09 & tﬁjl\ -
B. tabaci Haikou, Hainan Cucumis sativus Open field Yes
i W =T Je - =)
mﬁ]ﬁl‘_ e . 18°17'N, 109°29'E 2019.05.09 oF Eﬁk -
B. tabaci Sanya, Hainan Solanum melongena Open field Yes
- B E 4 = A
th ALY 39°57'N, 116°19'E 2019.07.12 " R~ Eﬁ/l\ .
Leaf Haidian, Beijing Luffa Cylindrica Open field No
i} j? = 37 /ﬁf P S
9 tH jh?aq:_._ 40°13'N, 116°06'E 2019.06.20 I[& . E&I i
Leaf Changping, Beijing Cucumis sativus Open field No
I S 1 vl . <
10 T e K 28°12'N, 113°05'F, 2019.06. 15 SN o a
Leaf Changsha, Hunan Cucumis sativus Plastic shed No
i ¥ FIN ﬁ: T
11 tH HEKY 28°12'N, 113°05'E 2019.09. 15 /“f[& . jdﬂﬂ -
Leaf Changsha, Hunan Cucumis sativus Plastic shed Yes
0 2 : =
12 1—)# jt?@ﬁ 39°56'N, 116°17'E 2019.09.28 EH;[& jt*ﬂﬂ -
Leaf Haidian, Beijing Cucumis melo Plastic shed Yes
n TLVGEE M #H &
13 th tLEA 26°02'N, 115°12'E 2019.06. 13 & KA .
Leaf Ganzhou, Jiangxi Cucumis sativus Plastic shed No

“HIFHS %5, 8, 12 F13 (W3 2) it PCR &l CCYV YL E I CCYV infection detected by PCR with the primer pairs 5, 8, 12 and 13 as listed
in Table 2.
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Table 2 Primer sequences and the reference sources

EIE7PoE 55 5% T F)(5 -3") 27 30k PIGRE (bp)
Primer pair no. Primer Primer sequence References Amplicon length

CCYV-F CGCAATCAATAAGGCGGCGACC

1 Gu et al., 2011 804
CCYV-R ACTACAACCTCCCGGTGCCAACT
CCYV-HSP-Fa TGCGTATGTCAATGGTGTTATG

2 Gyoutoku et al., 2009 462
CCYV-HSP-Ra ATCCTTCGCAGTGAAAAACC
CCYV-HSPs2 CGATTCTTTCCTCATGTACGATC

3 Abrahamian et al., 2013 449
CCYV-HSPasl GACTCTTCGCAAATTGTGCT
CCYV-CPs ATGGAGAAGACTGACAATAAACAA

4 Hamed et al., 2011 760
CCYV-CPas TTTACTACAACCTCCCGGTG
CC-RdRp-up CCTAATATTGGAGCTTATGAGTACA

5 Orfanidou et al., 2014 709
CC-RdRp-do CATACACTTTAAACACAACCCC

6 CC-HSP-up GAAGAGATGGGTTGGTGTAGATAAA 226
CC-HSP-do CACACCGATTTCATAAACATCCTTT
CCYV RNA2 5305 FOR ACGCGCGGCAGAGGAATTTGT

7 Wintermantel et al., 2019 373
CCYV RNA2 5677 REV CCCGGTGCCAACTGAGACACG

g CCYV FULL RdRp FOR AGCACTTATAACCTCCGAGTAGA 1515
CCYV FULL RdRp REV TATGTTGACGCTGAACCTTTCG
CCYV-f AGTGATCGCAATCAATAAG

9 Keshavarz et al., 2014 870
CCYV-r GTGATCACTTGACCATCTC
CCYVCPF ATGGAGAAGACTGACAAT B

10 FIEAE 2012 753
CCYVCPR TTATTTACTACAACCTCC
CP-F CGTAAGTGATCGCAATCAAT N

11 XIS | 2013 876
CP-R AGTGATCACTTGAC-CATCTCC
CCYV-F GCGACCATCATCTACAGGCA

12 Li et al., 2016 152
CCYV-R CCGACTTGTTCCTTTCAGAGC
Crini-hsp70-f GCCATAACCATTACGGGAGA

13 Huang et al., 2010 389
Crini-hsp70-r CGCAGTGAAAAACCCAAACT
Hsp F TGCAACCGATGTCAGGTTCAGCG

14 Gu et al., 2011 1 947
Hsp R TGGATAATTGGTCACGACCTCCAGT

KT S W HEH CCYV AR AR FT 14 T b
GV3101 %14 BEAE 7 (Shi et al., 2016) , 7 5 5 T
T, BRI VLS BOSCHk S (Shi er al., 2016),30
d J5 BT PR ) BUARERAEIR o % I8 B IR 1) B T4
Bt B & RNA, fifi i PrimeSeript™ RT Reagent Kit
with gDNA Eraser ( Perfect Real Time )5 & 147 2.
e 5f | S S e R @ U A5 PrimeSeript RT
Reagent Kit §1 20 plL & R # 47, 1 NanoDrop™
2000¢ 430 ERETE (38 ) W HUR B, PRAF S s
i cDNA JE % A CCYV-HSP-Fa #1 CCYV-HSP-Ra
5|#) ( Gyoutoku et al., 2009) i:4T RCR §" 44 , 14 {4
% : 2 x Es Taq MasterMix 10 pL, CCYV-HSP-Fa(10
umol/L) 1 wL, CCYV-HSP-Ra (10 pmol/L) 1 ul,
cDNA iR 1 pL, 788 564 95°C HZE P 3 min;
95°C A5 30 s, 55°CiE & 30 s, 72°C ZEff 30 s, 35

AMEIR o 38 S RS A A IF 00, DU 45 SR 28 L
PR 2 BAR A5 Ja , B i FHAE cDNA 18 J5 2251
Wi 14 FH AR AR A AR

FH PCR %7 14547 CCYV (1 GV3101 ARJ AR AT
R DR VR B L AR % B TN R BH P < DNA SRy A5
M, XA RERY 14 XF 51 P84T PCR ik, i 2 x Es
Taq MasterMix FUIR A& R (b ot B A a0 A MRk A
FRAF]) #5417 PCR §74% . PCR JWAK R : 2 x Es Taq
MasterMix 10 pL, FFUE51#7(10 pmol/L) £ 1 pl,
#EH7 CCYV 1) GV3101 MY A AT I TR R sl HHAR G 1y
N A BH: ¢DNA i 1 wL, H ddH,0 %b 2 2]
SRR 20 WL, G s i A T LA R] A BH 1 7 i R
FHPE: cDNA A R I i CCYV 551 9%, VE A
WY R, PCR 1R ¥ 95C HUAE 4 3 min;
95°C A5 30 s, Bk 30 s, 72°C HEAH 60 s, 35 M
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s fJm T2°CHEMR S ming % PCR PR 2
PIGTR Mix AR5, AT H SO0 T 8 R &
1B JCR R BE AT KB JE PCR 973 19 8 4L ( Bio-Rad
C1000, SE[F ) , B¢ i I BB BETE DL 3, [m] I i3
XUGETK FAEAR A B I8, I BB BE ™ 4 v A e 9
Ba A2 RS O AR SR AR R AR S 1 M
R R P EoE IR KR . XS B E 10 IE
o PG AU EE R A Y BORAT IR R T
JFr LARALE
®3 BSIMNBEERERE

Table 3 Gradient temperatures for different primer pairs

SIS g BEEETREE(C)
Primer pair no. Gradient temperature

57.0, 57.5,58.7, 61.0, 63.0, 65.3,

1,7, 14
66.5, 67.0

2,3,4,5,6,8, 47.0,47.5,48.7, 51.0, 53.0, 55.3,

11,12, 13 56.5, 57.0

o 10 40.0,40.5,41.7,44.0, 46.0, 48.7,
49.5,50.0

%45 W3 2, For primer pair no., see Table 2.

1.4 Rk sy ERE %M R g ERN

KA 4 XL EE 5| W B FL X 3R R LA
1.3 95 CCYV ) GV3101 AR A AT 1A TR AR
Y B H B cDNA JFRCH B, HEAT 519
TR Z 4 SERSE PRI, B 5 | 9 HE 1 10 IR
2o [AE K% cDNA B 5 (1 021. 64 ng/pl)
FHRBEEE 1, 2, 4, 8, 16, 32, 64, 128, 256, 512,
1024, 2 048, 4 096 F18 192 {Z#FE, SRGH 1.3 35
e R R 5 1 B L B R R 64T PCR ¥ 3
RECERKM, PCR WK% : 2 x Es Taq MasterMix
10 pL, EF#S19 (10 pmol/L) £ 1 uL, FHE
cDNA #ifz 1 wL, H] ddH,0 #b2 2 S A&F 20 pl,
PCR ¥ 4% . 95°C A8 M 3 min; 95°C A5 30 s,
56°CiB k& 30 s, 72°C IEAH 60 s, 35 MEH; &5
T2°CHEAH S ming 73 Y) BAE 6 L FEATEERE HL UK
R, B 5 | kAT PCR 4738 Bsf iy A A i) 281 1) 1%
() cDNA A5 v B, BV I 5 | 9 45 S PR 34 1) R
U
1.5 fRIES| ¥ H a2 f 4

X R 4 AN TR b XY 13 0060 5 85 2% Al IS
YEY) b BERURYL CCYV B A REAR B - FIAR ]
YEY) i JRA BURE M Y F (RDRRAS (32 1), i R 2R
Ky EUS Y RNA 25 cDNA & 33208 1.3 477
iR HBIFEAR) cDNA J3 R I e B 4 XHLiEs |
Wy K H I 9 e AR JCTRLEE R4 T PCR P38, 9 14 44

FAYEERFIE 1.4 795 W] I3 E B KA R
AEAPERT IR . §7 = PR 6 L 7 B F kb A
BA 0 EH T My LR A S AR 0 CCYV R GIR I,
AR A OB A K R SR AS ) % 100%
T CCYV [y e [ B 5631 T 07 38 1 e S 1R 5 |
Py if T TRI A ARG I ) 1 45 M AR E

2 #R

2.1 EMR5IHFERIRNRERMRK

PCR ¥ #4528 51 xf 1, 5, 8, 12 f1 13
Y] NHEAHT CCYV 1 GV3101 g R AT B 11 i S H:
YL B I F B BHE cDNA AR Fh3 184 31 35 48 1
HARSRAT ;b — 2025 B 38 25 0 R PR RIS B, 3k
BT 5% 5, 8, 12 F1 13 9735 0 H bR 454 [l 4t
fBJa HEAT Iy, 0y 45 S R, 8 PR 5 N
CCYV (1) DNA J¥41, 4 34 7= S K BE 43 3R 709,
1515, 152 #1343 bp(K&l 1),

X EARAT (1) 4 XF 51 Pyt 64T PCR 3R ki B
AL, 514%F 5, 8, 12 113 WfEfbiR R EE S R
56°C . 7 LRIALIREE 504 F , & 51 AT 1 5 5
PEFIE S YRR (B 1) GG T CCYV pyfasE s,
2.2 RIESI R HEEENIRE RN

TERAFULLE T |1 W) B COYV PR R 1)
Fehih b, X514 KO SR R TR . S5 R K
A X5 e AU 9 3R 7 T, X 47 CCYV
(19 GV3101 9 A FT T 11 W A= G 19 v I 7 BH
cDNA i B a] SE AR E § 1, By 38 5540 R e vk
(& 2),

2.3 fRiE5|93%¢ CCYV My & R EHN

TEARTFOAL Y CCYV 34 1A R iy B hih [, %) 4
XL T | W) 1E R B TR, 4 XLk s 1)
XA RE 4 096 {55 A4 CCYV 1Y GV3101 AR g A AT
PR AL i 3 I Fr B cDNA B2 45 AT 4734 2]
s 25 (1 3) Rl B 0. 25 ng/pl, #E KT
IR BESE R A 4 X OLTE 5 | ¥ mT 735 2] 5 A5 5544
5% 5, 12 F1 13 0] DLk SI0AG 0 A5 b ik FE I &2
0. 125 ng/pL(FifE 8 192 %) iy R UL, 15 B BT i ik
(1) 4 XoF 5 | 4 R X o7 fy A i A 22, % Fe I ¢DNA A5
M FE R 0. 25 ng/ pL B IR AE A 4 AT LLSE BAS
i
2.4 HEFEEHH R REMER CCYV BER

SRAEHE] Y 13 4y BERUR Y CCYV (1 R
W S HH ] g by EURSCRL, Aok 13 4 XLk



B 244k Acta Entomologica Sinica 63 &

bp
;(lll(b
3600
1500
1000
750
500
250
100

E wmN 7 N 8 N 9 N

bp
5000 bp
5 B
1% ;giﬁ
t 1506
1000
750
500
250
100

500
250
100

1 R[S XHEAT COYV AR E GV3101 K (A, B, C) M HAZGM BN [ FI#E ¢cDNA (D, E, F)iy PCR ¥4
Fig. 1 PCR amplifications of bacterial solution of Agrobacterium tumefaciens carrying CCYV (A, B, C) and ¢DNAs from
CCYV-infected cucumber leaves (D, E, F) using different primer pairs
M: DNA Marker DL5000; 1 —14: 43518 PABHY: cDNA Sfsid FH 5% 2 '—|—'E’]§|%5ﬁ' 1 ~ 14 P 14 7749) Amplification products using positive cDNA as
the template with primer pairs 1 — 14 in Table 2, respectively; N: LIXUGE/K J#itiz, BAEXTIE HyO as the template (negative control )

A

2 3 4 5 B 2 3 45 6 7 8 910
bp bp
5000
) 1
p! 2000
1500 1500 e ) N e ) - -t
1000 1000
750 750
500 500
250 250
100 100
C 2 3 4 5 D 2 3 4 5
bp ‘}
5000 Q{%
3000 S
2000
1500
1000
750 5
500
250
100

B2 4 XTI Y CCYV iy GV3101 AR AT R T8 WA= Y A 2 I B BHYE cDNA Bidi i) PCR 93§45
Fig. 2 PCR amplification of positive cDNA template from the cucumber leaves infected by Agrobacterium tumefaciens
GV3101 carrying CCYV using four primer pairs selected
A-D: ZRRPES XTS5, 8, 12 AT13( WL 2) AY PCR F 4445 5% PCR amplification results with the primer pairs 5, 8, 12, and 13 (see Table 2) ,

respectively. M: DNA Marker DL5000; N PAXGE/K AR, BAPEXT AR H, 0 as the template (negative control) ; 1 —10: LAFH: cDNA Syt iy 10
W Z P45 5 10 replicates of amplification with positive cDNA as the template
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A M NI12345 67289 1011121314

C M N1234567289 1011121314

B M NI12345 67289 1011121314

bp

il

1000

250
100

D M NI1234567289 1011121314

bp
5

1000
750
500

250
100

3 4 NS [PrX CCYV Y PCR 3744 R BUE A
Fig. 3 Sensitivity of PCR amplification of CCYV with four pairs of primers selected
A, B, C, D: 355 149%F 5, 8, 12 A1 13( W3 2) AY PCR ¥ 14455 PCR amplification results with the primer pairs 5, 8, 12, and 13 (see Table
2), respectively. M: DNA Marker DL5000; N: DAXUZE/K ML, BIPEXTE H,y O as the template (negative control) 5 1 — 14 4351 #5437 CCYV (1
GV3101 AR5 A FT T80 T8 TR 15 G 4 3 T F BT cDNA B4R (1 021. 64 ng/pl) IKIKF R 1, 2, 4, 8, 16, 32, 64, 128, 256, 512, 1 024, 2 048,
4 09618 192 f% % PCR ¥ 4 74y PCR amplification product of the positive cDNA templates (1 021.64 ng/wL) from cucumber leaves infected by

Agrobacterium tumefaciens GV3101 carrying CCYV in 1-, 2-, 4- 8-, 16-, 32-, 64-, 128-, 256-, 512-,

dilution, respectively.

I R Y G IR R TR . S5 R R, 5
WYXtk 5, 8, 12 F1 13 X F sl Kok mUsk H R AR 2 15
PEHF CCYV FGHE ARG I 45 5 2 58 4 — 3y o T4
W B PR MRS ROREAS , 33 2%t (W] B R FH 42200 7
PN T HAG I 25 S A e M AT SR, 25 SR U
X 4 X IE T 9 K XTI A4 15 {4 2 34 mT FH F H i)
CCYV [ R

FH ] 13 {53 4 A Ao I 235 SR 36 Y, 2019 4F 7E 7 i
AU RS | L AR 0 R (B VY 2 B i
BT R = W g A 7 L b 1 U A M XA 9
oy JE Ry EUARE S HBE AL 85 i R &G T CCYV,
HI[EFEA A CCYV FHPER 69.23% , 5 -7 A R4E
H AL BUEEE R TS VTP SN (K S AR R
MR COYV A6 ARG 0 25 S5 ok B M, 08 BH R 45 445
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AN R CCYV PHM: BT R A o] g B L L AR
F7 o TR A VR 5 TE A A LS A A
PRI BERAE TR (R 1) |, LI BRI g L IX A, R

1 024-, 2 048-, 4 096-, and 8 192-fold

[ e A dbSF L7 M X AR O CCY'V 5y J8dl
3 g

CCYV 2 a4 2k & A 1 | ehn MRk mLF 35 A1
BRI Y IS 5% (Gu et al., 2011; Li et al.,
2016) , & ¥ e b [ 9 AL & SE A O (R AR,
2018) o FEH R o 7 W13, HOE R R A 55 i)
), T R oA W2 7 B R R AT A6 A g B
B R YL RS 0 . TEXT CCYV A 2T v, AT SC
kR 51 W07 51 K L 3 2 A 45 AN AR T, T A
SCYEE TR HT I e 1056 v 22 B, A [ SR v i 51 4
FY 38 S5 A% [ — S AR AR ) R ARG 0 45 SRR — B,
BT AT 8 55 A7 L6475 51 Wy 8 0 12 RN HT BLAT SRR A )
MR E TR G lan, ARy LT CCYV g2 1y 4t
Fe R BT 5 WX 3 A AR g AR A BRI S i AR A 1Y
CCY'V BHPE A R 1y B SO G 000 AF T TR X, (EL X6 ] )
PR O EURPRE U Rl s 1, B A
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PR CEE AR ), AT BB 318 S0 AR O A AR i
B CP 2 R GA & & LU AR AN 2 DL e S A 21
PRI, B 3845 AT LS [ A2 8% e (1) CCY 'V AR
XoF T2 B A RH R A BRI B 45 R

T REE SIS MR A AT T 1R A R AT 1) BH 1 A
PR 1] AR e B 0 i Fr [m] B RS 37 388, A SCa vy
THEET T W bR o, T AR Y 4 XLk G |
YI(519xts, 8, 12 fl 13) o] T CCYV B2 & K
I, TCie A2 %] PR PR, SO0 T FH (] 485 B2 A A | FH (1]
Hiy B AL AR AR , ST ST CCYV IUERE 57
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SEE TR S5 5 I 1) S AR I R 32 7. 812 ng/ L (5K
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PCR A B 6 00 52 50 a8 A A8 05 2 26 1 4G
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H AR AT AT — X B T a7 () 4™ 1 A e 449 T L S 3% F
[ A )G CCYV BRI B He SRy SR 455 2 1
PEREAGIN , T B X P 1 %o Ay e A% 7y
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AR OLE T xR A AT 11 441X
LT 13 3 My B SRR BE AR I R EA T A
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A0y 1 v R B R R B S R AR A O (R A,
2018) , MR LAAE:HE , 2016 45 i g i A BK B
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65.0% F1155.0% ( Tang et al., 2017) , Ui B T 4E 31
R CCYV KA 305, A g En R R E A,
W TR T . SR, HABSRAE L IX A [R], 2 IR
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Yy B COYV e AR mr , Ui WA Bk 2R I AEY)
Gy CCYV By RS 2 128 5 T 2%, 3X A g 5 LG s A
oy T ) e 2 B30 S HC R 8 B 23 DDA 6 (X
A, 2013) o XF TR AR T A AR R E 00 AR K EL
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FeCHR G20 A5E, 2017 ), 150 B 7 58 A S 65 25 b
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1, 5 AR IE (Tang et al., 2017) JEfRL, i A&
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YA e 18 3% 9 B A6 1 I 1942 4% (Bananej et al.,
2013 THFA&SE, 2019) o A ST A DU 30 Fi A 5
JRMH R YA COYV R, T e A= 7 52 B X DA
A&, H TR B 3EE L CCYV B YL e AR 1 L
B & (IR T 5%, 20155 @2akEE, 2017) , R HIETR ]
RET 5 TRz, {0 CCYV ZEEDR PHR 22K
B EFEA RSN E R RO A o 5 i
— IR . B T IREAEY, (H15 5 23K
IV i — I b, X8 I B R R T L 1) 5 0 3 - BT
Alternanthera philoxeroides 1 ¥ | #| B Yt T CCYV
(Tang et al., 2017) , Ut B B 1) Y 32 A 1335 1T Bg
LEY R,

W) T 2011 4E44E CCYV 1y &4 (Gu e
al., 2011) 3% 5 Q AU Bk K B L Pk B
A B BYARAy T B A DI A o 28 1 41 T I ) B AR —
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5 TR AEL ) A 470 B ¥ 4% i AR B 8 nele Y - DA 3 22
(Lu et al., 2019), H Q B4 ¥ mL A 1% B g 7 T o
(Lu et al., 2017) . [tk HETEFR E Q BUAEKY BV
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