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Genome sequencing and segmental gene cloning of Cucumber green
mottle mosaic virus isolate from Yingkou city, Liaoning province
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Abstract  Cucumber green mottle mosaic virus (CGMMV) is an important quarantine virus of cucurbits. In this
study, the complete nucleotide sequence of the virus (GenBank accession no. MG745849) was obtained by RT-
PCR in the naturally infected watermelon leaves. The four gene fragments encoded by the CGMMYV were cloned
into pBluescript [[ SK(-) containing T7 promoter, respectively, and the invasive activity in vitro was verified by
artificial inoculation. The results showed that the CGMMYV was most closely related to the KW (GenBank acces-
sion no. AF417242) isolated from Korea, with an identity of 99.8%. The 4 infectious gene fragments of the
CGMMV were successfully constructed and the segments RNA1 and RNA4 could infect cucurbits and cause obvious
systemic mosaic in leaves. Moreover, the symptoms caused by the segment RNA1 were more severe than those by
RNAA4 after artificial inoculation. The symptoms were most obvious when the four segments of RNA inoculated at
the same time. The RNA fragment amplified in diseased plants was equal in length to the inoculated viral RNA by
RT-PCR.
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CGMMV, %A 16 333 hm?, Hidt 13 hm? ey,
SR ER R SR A SCTR TR S A, R
P 8 L AR Ml 2 A 1 €4 B AR O AB R A A
YA AR TR 44 57 (2014) ) 3L T« ¥ VL J5 VHT I
LRI GG IR TR T VE B A 11 A
WX 74 MR XIH CGMMV 43, 1643 Fi%
A€ R R A L (RACE WA S 7 2
Adzhemyan S 55 I\ 0 B VY% 8 )5 7T § 3
FERR A P T 3 R A O B R R o R R
Srivastava SEF5T 3R B2 75 AT 38 2o 5 0 ol 2 G b
wAE . S E L By E A P A kA L T S B 2K
PIRFL RS . AR E el E T CGMMV [H P &
R IXHFE A A T8 98 Ja A3 4 58 R 4 5 90 4y
ATEkE TiZR e mAS Ry 4 BERH . B ELR R TR YL
A FAEYIFEE Ry A5 IR B RO B 4R $E AL
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1 HESHE

L1 #r#y
L11 fk#F R KRG

FI AR 1 PG JTVAEL AR SR B AL T8 8 F T, )
FIUIER Ry i Fr SR AR | I ik & AR L iR & T
BE, 28 RT-PCR il . & 44 5 CGMMV-LNYK, 3k ]
THBUEEHE 1 B AR A AE BT HOR = I = b (R ek
Tk AN pBluescript [ SK(-)Zk ik,
1.1.2 &7

TRIzol iX57|4 H Invitrogen; LA Tag Polymerase,
pMDI8-T simple vector &3z 25 20 s DH5a. BR il 14 N
YIHF Not [F1 Xho . TaKaRa PrimeScript® 1st strand
cDNA synthesis kit (Code No. D6110A) , TaKaRa High
Fidelity PrimeSeript™ RT-PCR Kit (Code No. DR027A),
TaKaRa PrimeSTAR® HS DNA Polymerase (Code
No. DR010S),TaKaRa Agarose Gel DNA Purification
Kit Ver. 2.0 (Code No. DV805A) ,TaKaRa MiniBEST
Plasmid Purification Kit Ver. 2. 0, TaKaRa in vitro
Transcription T7 Kit (Code No. D6140) , TaKaRa
DNA Ligation Kit<Mighty Mix> (Code No. D6023)
SR H 5 AR LR ORI A FRZ 7 Ribo m7G Cap
Analog (Promega Code: P171B) 4 i Promega 4=
PWHEARA PR

L L3 34rmikith & m
SIS RIS  BITEAEY TR OK
EOFARAFGMEE D,

£ 1 CGMMV-LYNK EREAF 5 ES ¥
Table 1 Primers for determination of CGMMV-LNYK

genomic sequence

GIL7 B2 519F 51 (5'-3")
Primer name Sequence
. GTTTTAATTTTTATAATTAAACAAA-
COMMVPL CAACAACAACA

CGMMV-1116r
CGMMV-1096f
CGMMV-3488r
CGMMV-3382f
CGMMV-5935r
CGMMV-cpf
CGMMV-3'NCR

GCTTCGCTTCAGGAAACCACACAG
AAAGCCACGTTTTCTGTGTGGT
GTTCTGCATTAATTGCTATTTGG
GCGGATGTGGAAAAGGTCGATCA
GCGGTACCTTGTGAAGCAACTAG
ATGGCTTACAATCCGATCAC
TGGGCCCCTACCCGGGGA

DAL N G+ MR 1200 B A 25 DR 21 254 i3
TP GE 2) IR TSR PCR 203§ 84 9 5 B A
AT 4 BUEEA o

*2 CGMMV %3k 4 REEMSH
Table 2 Primers for determination of four gene fragments

encoded by the CGMMYV

IR EA S GIE 21 [GE)
Primer name Sequence
ORF1-F1 CAACAACAACAACAAACATT
ORF1-F2 CGACTCGAGATGGCAAACATTAATGAACA
ORF1-R1 TCATTCTTAATCAAAGCGGG
ORF1-R2 TATGCGGCCGCCTATTTGGTAGGCACAGTGG

ORF1-F528 CTGTGCGGTCACCTGTTCAG
ORF1-F1447 GGTGATTGCGTCTATGATGC
ORF1-F2022 CTGGGCAGAGAAAGGTAAGG
ORF1-F2588 GAGTGCCGGGTTGTGGAAAG
ORF1-R1614 CGAACAAATCATCACCGGAA

ORF4-R1 ATTACTGCCCATAGAAACTT

ORF2-F1 AGGTTTGATTGCCCGTGATT

ORF2-F2 GTACTCGAGATGAATTCGCTGTATGTCCA
ORF2-R1 ACACCACGCGACAACTTGAC

ORF2-R2 TTAGCGGCCGCTTACTTAGAGACATCTATGT
ORF2-F446 GGGCTAGTTCCATTCAAAGT

ORF3-F1 ACGGCTGTATTGTTTACCCT

ORF3-F2 ACTCTCGAGATGTCTCTAAGTAAGGTGTCAG
ORF3-R1 CCTGACGGGAACATAAGAAG

ORF3-R2 TAAGCGGCCGCCTAGGTGTGATCGGATTGTAAG
ORF4-F1 CGCGATCCTTGGTCTTTATT

ORF4-F2 CATCTCGAGATGGCTTACAATCCGATCACAC
ORF4-R1 ATTACTGCCCATAGAAACTT

ORF4-R2 AATGCGGCCGCCTAAGCTTTCGAGGTGGTAG
1.2 Fi&

1.2.1 RT-PCR ¥ #
Z 8 Invitrogen 23 A ) TRIzol 3542 U ) 2
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RNA, Bifs i EE e s kR Il RNA ()58 8% )5 . LAR
IR . RNA 54, ffi Fl TaKaRa PrimeSeript
1st strand ¢cDNA synthesis kit 5% cDNA, % LA
Taq Polymerase #EA74" 3, Wit4" 14 K B3 5 4
1.1.2.4.2.5.,0. 7 kb, PCR F=#)2 DNA [E] i i 5]
&aifb)E ke T pMD 18-T 24k, #1k E. coli DH
So JEAZ A ML IS 28 W BT 8 PR s B ik 2B W
AR RIS A RS w] AT B W - LR 2 1E 3 1Y
AL o
1.2.2 FmamRAefEENE

TR AR Y 2 R A Iy T e R Al
Je SR PR G Gk WL 0 ] PO A 0 VBT B BT 3~
5 min, WK Z R FEE 20 BHSIR (pHT. 0) F
Frongets 3~5 min, 59K THR 5 13 S oL 4R T L%
25 b FRAN [ sf ] T i dA TE A
1.2.3 HFERE

WA PR i A B R AP 9 it 5 14, L CGM-
MV & 043 B W) i 55 RNA R B4R, #] ] TaKaRa
High Fidelity PrimeScript™ RT-PCR Kit #4172 %
.21 ] TaKaRa 5'-Full RACE Kit (D315)
i) Random 9 mers; 3158 cDNA J5 ., % A # [& PCR
3 vEE CGMMYV i) 4 SFF b SEHE , 55—
PCR {#i H| TaKaRa PrimeSTAR® HS DNA Poly-
merase AT, 598~ ORF1/ORF2/OREF2/ORF4/-
F1 #1 ORF1/0ORF2/0ORF2/ORF4/-R1, 3151 PCR
P AT — 0 PCR §7 3%, 51 %) 2 ORF1/ORF2/
ORF3/0ORF4/-F2, ORF1/ORF2/ORF2/ORF4/-R2, PCR
P g [l TaKaRa Agarose Gel DNA Purification
Kit Ver. 2. 0 IR s U™ )5 | ABEVI 5 Not
I # Xho 1. ¥ Fifs 9 4 4> R B3 i% A pBlue-
seript [T SK (-) 44, 2 Not TF Xho TEEF Y] )5, 18
TaKaRa Agarose Gel DNA Purification Kit Ver. 2. 0
AR B, {8 ] TaKaRa DNA Ligation Kit<<Mighty
Mix>> rpr (%) % 45 1 FF BSOS /9 H 9 R Be 55 pBlue-
script [] SK-/Not 1/ Xho 1,16°C , ;3 1E 52 B2 &
A DHSa 5541 J5 457 05 A = R A RS
{#i ] TaKaRa MiniBEST Plasmid Purification Kit
Ver. 2. 0 $&HUTURL B> 7 B3 ) 26 45 9 A B e
W Ji KL, i 45 4 ORF1-1, ORF1-2, ORF2-1, ORF2-2,
ORF3-1,0RF3-2, ORF4-1,ORF4-2, 43 5 d A 51
¥ BcaBEST Primer M13-20 ( TaKaRa Code No.
D3881) F1 M13 Reverse (TaKaRa Code No. D3830)

X I 3 OB AT O, Z 5 514 ORF1-F528,
ORF1-R1614, ORF1-F1447, ORF1-F2022, ORF1-F2588
¥ ORF1-1,ORF1-2 ] 3@, {#i FH 514 CTD041-F446
Xt ORF2-1,0ORF2-2 3@,

1.2.4 fRkoh#E%

] Sac T BEATHABEY) B H A9 OB 2R AL
F TaKaRa Agarose Gel DNA Purification Kit Ver. 2. 0
WSO 7 400 s W0 7 ) EA T AR N S SO AR 2 4
T :Sac I BVI=#) 3 pl, 10 X Transcription Buffer
2 pL., ATP Solution (50 mmol/L) 2 pL, UTP Solution
(50 mmol/L) 2 uL., CTP Solution (50 mmol/L) 2 ul.,
GTP Solution (#i £ £ 10 mmol/L) 2 pl,Ribo m'G
Cap Analog (40 mmol/L) 2 pl, RNase #lii] 5] (40 U/
pl) 0.5 pl, T7 RNA BA (50 U/pl) 2 pl, RNase
Free dH, O A% 20 pl, FRERTIIAL oL (HP
20U) DNase [ ,37°C i 1 h SR A T80 AL (LiFRER
BRI DNA) , ZEAL AR IR AR A 30 pl 3 mol /L
CH; COONa (pHB5. 2) , /it DEPC 7K 2 300 pl., {8275 il
A 300 pl. PCICERy @7 575G LUl h 25:24: 1),
ZIRFHE 15 min, 12 000 g, 5.0 5 min; fiIl A 300 pL
CICEADT » S ICEE, tefil Ry 24+ D, ERFE 10 min,
12 000 g, B0 5 min, A 3 L. NA Carrier, 5] 1l
A 300 pl PR, KA 10 min, 12 000 g, B5.0 5 min, il
A 1 mL 70 % B4 LB, Uik 12 000 g. B0 1 min, %
BT EE%TF 16. 5 pl RNase Free dH, O H1, 435l F5
it & RNAL.RNA2,.RNA3.RNA4,

1.2.5 fRoME %

Bk 15 K A0 5 5 9 RNAL, RNA2, RNA3,
RNA4 HFNA A A TIRIMZ G » LB s 2 P B ik
PR R LB A I ) 58 Oz T O 1R e . e
Tk AN S W) 55 R R 2 X GKP pHY. 2 ZZ o
i (50 mmol/L H4# » 30 mmol/L K, HPO, , 1%fi#
I E s 1O RESE O TR A R HE R A K R AT, — i
— D BY# B Lagenaria siceraria (Molina) Standl
Gl S ANBEES ) K KT A S b 2 ST 4 b
R b A 10~20 pl SRR (N & 0. 2 pg il
B FRERIRIRM . 5 min J5 HIJEE K mPie . HEM)E
R IR AR A T By R AR A L R BE Ry 25°C, DR ER
12 hGIROUEIEIR , THEFR 21 d J5 ke, 3547 RT-
PCR & , DL # CGMMYV Jhy BH#EXF B, D) 422 A
2XGKP pHY. 2 Zhif g BAPEXT IR
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2 HRE5HM

2.1 CGMMYV £EEFIIgNE
2.1.1 RNA sy H 5 %0

BUR AL T4 8 1 3 M b XA PG I H R g
540, LR RNALHU 1 pL $E AT 226 By i b e Jie i
VKA 1K R 3 4&41 . 430 R 28S rRNA,
18S rRNA F1 5S rRNA, if#211) RNA F2 8 PR 4F
WA KA T F N —22 5.

M 1 2 3 4

288
18S

5S

M: DNA Marker DL2000; 1~5: £ 51 S RNA
M: DNA Marker DL2000; 1-5: Total RNA of sample

B 1 BENHEZ RNA BERS R
Fig. 1 Electrophoresis results of total RNA from the

leaves of watermelon

2.1.2 RT-PCR &l F 42 E 4570l €
DAFE) S RNA S sitse, #1465 | P it RT-
PCR #3475 5) 4 8% 5% DNA R B, K&k 1.1,
2.4.2.5F 0.7 kb, 5P IGEERANLT, HY 15
AR R BMEES, HE T CGMMV 15
BILH A . =W e PRI 2 VBT , 14T 0L ) U
J¥o WX Z B SEE>EY CERS
AF417242) 34K A Bl - FHALUE 35 99. 8%, 5 H
A By SH bR A 5 [E 1 R 53 259 M B EE Delhi fhy
DX B 43 B SR % 06 RN (H 5 R E B CGM-
MV-MC & P 8E 4 CGMMC-SP 4355 ¥ 3% % 5 2
e, R IR 9024,
2.2 CGMMV-LNYK %y B¢ B [F 55 f%
2.2.1 CGMMV ## B F o 2 & RNA B B
ZEWRAE IR 7 e €0 5 7 WU AR T WS R B, i KL
FHEER K2 300 nm, 552 18 nm (& 2), BUR T
() RNA 1 pL, 547 3 V0 B MEE e eIk 25 R an &l 3,
K2 20, pr it i RNA 528 AR I W 5 R A
i TR T — 2 el .

2 CGMMV FmHEHFBSEERA
Fig. 2 Transmission electron microscope photograph of
CGMMYV virions

M

M: DNA Marker DL2000; 1: J5#RNA
M: DNA Marker DL2000; 1: RNA of virus

3 "E RNAWRKSTER
Fig. 3 Electrophoresis of total RNA

2.2.2 RT-PCR¥#48

55— RT-PCR ¥ 345 . B 5 L. PCR 724, i
1T 10BN M i i Uk« 25 SR ] 405 — 28 PCR
PR AR 1) I A4 2R R g A5 1 s AT 5 — 40
PCR "84 IS . P=WpifeAT 1 0B e b e LIk » 45
TN 5.4 M85 TRk /N4 K 3. 5.1, 5.0. 8.0. 5 kb
1R B 5 U 0 R INFRAT ik IS ke, iR A&
PCR 7“#12 Not 1 /Xho T WEFYIIG . Y [l 15
FFANL KN B R B
223 EHHBHME

i#3t PCR ¥ 3443 914533 F-B: D1(3. 5 kb) . D2
(1.5 kb).D3(0. 8 kb) . D4(0. 5 kb) . 5 T 1 K/
FHFE, FrBE D1,D2.,D3.D4 PCR 74y 8l i i 4] 5 43
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BEH 2 pBluescript [l SK O e th BoRi . MAN R IELT O . e RER B i 7 51 5 I 03 B9 )
A1F, IFD AR ERR A ¥ 5 B IE R PE (] DAN- — 380 IR R EBSAE , i U F T — 4 MR SN 5% .

Ml C 1 2 3 M2

M1: DNA Marker A-Hind I digest; M2: DNA Marker DL2000; C: ¥} i#; 1: PCR™#(5|4yRandom 9 mers); 2: PCR=#)(5|41 A
Random 9 mers+ORF4-R1); 3: fH: %} B (Random 9 mers+ORF4-R1, RfI ARTase). F [A]

M1: DNA Marker A-Hind I digest; M2: DNA Marker DL2000; C: Control; 1: Product of PCR (Random 9 mers); 2: Product of PCR
(Random 9 mers+ORF4-R1); 3: Negative control (Random 9 merstORF4-R1, RTase-). The same below

E 4 %£—23 PCR =Y EIKEIE
Fig. 4 Analysis of first-step PCR products by electrophoresis
Ml C 1 2 3 M2

E5 4% PCR=¥HEKkEL
Fig. 5 Analysis of second-step PCR products by electrophoresis

2.3 KIMNER K 2 V1. 43 5l 4w 44 & pCGMMV-1, pCGM-
2.3.1 By EK MV-2.pCGMMV-3,pCGMMV-4 ([ 6a~d)
TR A H 1 R B Sac T BV G, ALK
Ml 1 M2 Ml 2 M2

M1: DNA Marker A-Hind T digest; M2: Marker 200 ng; M3: DNA Marker DL2000; 1: pPCGMMV-1; 2: pPCGMMV-2; 3: pPCGMMV-3; 4: pCGMMV-4
B 6 P1~P4 Y& MENERIKENER
Fig. 6 Analysis of P1-P4 after linearized with Sac [ by electrophoresis

2.3.2 MR A kAR M FTA T HAMR e, 735l fiv 44 9 RNATLRNAZ,
ALHEALI pCGMMV St Sk FTMIE R 77 RNA3RNA4, (& 7a~d) , [A]Bffifi i Nanodrop # fil

TEEAT RN S5 v UKCR B 2R AN ME— X P Ay BRI ERAM Ot BE AT U BE AR . vk B2 330

A REIRTFAE AR AL RO, A AT BEJE RNA (RS 1105.1 3801 320.1 190 ng/pl..

Fesfeml Bl T AR L3RR T H 8RN
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M: DNA Marker DL2000; 1: RNAT; 2: RNA2; 3: RNA3; 4: RNA4

7 pCGMMV-1~pCGMMV-4 (K 5MNE R BRIk DT R
Fig. 7 Electrophoresis of transcription of pPCGMMYV-1—pCGMMV-4 in vitro

2.4 {kipMEHg i RNA1.RNA4 K 474 RNAL.RNA4 414 85

2.4.1 GERWE BB TSR AR AR 3R 5 RNAL AL
IR AN SR ARTF Y 4 B RNA J2 4 B FHLSA RNA4 RORERITE . Jop 54 4 A RNA &b
RNA BHEFIA G RIE 8 L 3em 15 d g R B BRI RE ] . it BUASERER (18] 8a~1)

1

T T T

a: RNAT; b: RNA4; c: RNAT+RNA4; d: RNA2+RNA4; e: RNAT+RNAZ2; f: RNAT, RNA2+RNA4; g: RNAT, RNA2,
RNA3+RNA4; h: CGMMV; i: CK

B 8 [E RNA AbIEF#F AT fEK E
Fig. 8 Symptoms of cucurbit leaves under different treatments with RNA
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2.4.2 RT-PCR &

Xt Fr A AR AR BBORE J5 11T RT-PCR A& &
AR AL A I E 5 RNAT A RNA4 R/ Y
Fr B R AR AR 2 H 7 BL

3 HFit5itit

CGMMV & 8 S R L 5 55 » TEFR I 2 A8
FHEYIF X G T AFBRERGE, LTHEH
M 23 E CGMMV A i i iyt X, R EUh 2
TR E R, BHRT B TN Z E% R
M ZAF R . AT, B AXT CGMMV 24 0¢ & 1B
RREZRIETHAINCEANERITY, 255
B CGMMV (4 5e 8 H P8 A s E A
[l H X AR 28 1 CGMMYV 43 85 W1 114 S0 58 B 1 9k
R 51 2 S0/ R %H 97. 500 ~99. 8040, A
FEH IR IL TR PG X CGMMV 74 5
W PR 2H B [ U 3 A S s I T AR T N Y
CGMMV 75 ¥) 5 H A 3 E R E B CGMMV g3y
B SR G R R  JU R VG T B ) 580 1t
B T8 R AR CGMMYV 5 H 7 | w5 4547 38 1Y)
CGMMYV 7] G 2 [m] i AT 27 28 S E iy Y5, iF
—BAHE T T E ) CGMMV i H A i 5 | b e A
FROHELRT .

HiP) RNA J5 8542 Y M 5o pe fi Ahlquist %0 78
% FE MR R Brome mosaic virus (BMV) 5 IKIRIE
A EIME A W E A M E B Tobacco mosaic virus
(TMV) . 52 X y5 75 Potato virus X (PVX) . JH
B fe2lm 35 Tobacco rattle virus (TRV)ZE K&K
T 5 WL T M A4 T A K cDNA {2 ek 58
REDTH RNAJRHEM cDNA 2 YL e B AR 1 &
J& AT LATE DNA JKSF- EIF R RNA 5953
THWERTTE - K R 0 05 AR S P o g A3 s 7
A T LU T AME R R AEAR ) b K Rk, IR
AWFFE RNA J 855 27 R EAE AL A 7
BFBE . ARSIl CGMMV-LNYK g4, 43
K200 B i B 1Y) 4 BOKE IR e RE &2 pBluescript
I SKO B4, FFAEARINE U 5% B iE 4 B 5L A 1
YV, i RS e, BAR ST i s 1
RNA2 F1 RNA3 A g i 20 4= 4% # . RNAT Fl
RNA4 A2 G, KARAER T CGMMV B 28 %A
ARG H T — B0 TR AR B e AR
SEPH 5 R o5 5 7 S0 A AU SR 100 %6, A5 65 4]
[N (Koch”s Rule) o 1 & T 7 1 1E » KHB
SrHGESE AL RNAL 2 512000 8¢ 19 52 1. RNA4 2%

FRBEEMI AN B . ASHF ST TN AR A AT R SMZ e 1
RNAL F1 RNA4, ¥ 25 IE 52 5% 95 BE3E R 45 3 307
AT I (1) 26 I R (ELHR B 3k PR 5 7 3]
BB A G A i — 25T

S 3k
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