FE I B4
ACTA PHYTOPATHOLOGICA SINICA  48(1): 35-45(2018)

doi; 10.13926/.cnki.apps.000204

ERAEMHBEE(CMV)2 MLBESEY
CP F5iERIA D LS

-y 1 1 ] S 2 S 3 S 1%

skome!, REH T 5%, A F°,

(Ul PEARY K AR AR AR 2R B KA 030801 52 L Y2 fV Bl 2 B & B BFSE I, KR 030006
S R BRI AP BT BT, K1 410125)

FEE A AR g B2 E | R PSS 2 A ) | AR 7 5146 PCR ( sequence-independent amp-lification, SIA) X /8% 75
FHHEAT 53 %508, R I AL iR IR B 7 731 34 B8 8 TIAE M35 5 ( Cucumber mosaic virus, CMV ) 12 3%, 53 B 915130\ 6 45 1
SXFQ( GenBank 5% 524 JX993914) F1 FQ( GenBank % 3%5 Jy 1X993912) , A HAHf A3 25 M7, % — 35 4h3e B 1 ( coat pro-
tein, CP) AT S REFIINT 7347 . R T DNAMAN {4 A BRUSZH 5 1A i 7 4~ CMV LIPS 43 254 . SXFQ  FQ LA K HAth
3 CMV AL B Y] CP RS HEAT LRI AT | e BRAZ T R AN RE R P 91 e RABABAE 53531 R 77.1% ~ 100% F11 81.6% ~ 100% ,
BHEMRFH RS IT R0 4 CMV IITEA s8R T CMV 4 1 B 89 2 332, Hoh 7E 35 3 A0 Y |- B0 AR 1
SXFQ 5 HAlh 5 Ny ES ¥ b — 4y 3¢, EFR AR B LRI TGAER I FQ SHAl 2 MBS 5 —4r 3. X9 MLTE B9
CP HATWAH 73 250 0, 45 R R W HC PR PR T A M /K 5 1000 285 SR T, 2 A>3 3 B 43 25 900 3 ol 1 BRA 30 A 2 e i A
SRR S AR — e R

KEEIA  Foili ; BUNAEMERE ; FPooraT; WA i

Sequence and subgroup analysis of two new isolates of Cucumber mosaic virus
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Abstract: To identify the viruses that may cause Lycopersicon esculentum malformations wrinkling disease , we
used biological, serological and molecular methods. Results revealed that the virus associated with this disease
was Cucumber mosaic virus (CMV ). Two isolates were identified as SXFQ ( GenBank accession number
JX993914) and FQ (GenBank accession number; JX993912). The identities of nucleotide and deduced amino
acid sequences of CP gene among 9 CMV isolates of our research group and 3 other typical CMV isolates ranged
from 77.1 % to 100 % and 81.6 % to 100 %, respectively. Phylogenetic trees based on the aa sequences showed
that 9 CMV isolates of our laboratory belong to two branches of CMV subgroup I B. SXFQ and other 5 isolates
belong to a branch which exhibits strong symptoms on the indicator plant. FQ and other 2 isolates belong to an-
other branch which exhibits weak symptoms on the indicator plant. We analysed the subgroup of 9 Shanxi iso-
lates CP. The results showed that the physical and chemical properties, stability and hydrophobicity were similar.

The two branches showed similar amino acid variation and protein structure. It indicates that CMV isolates of the
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same branch of CMV subgroup I B had some nearly certain regularity.

Key words: Lycopersicon esculentum; Cucumber mosaic virus; sequencing; subgroup analysis
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Fig. 1 Symptoms of Lycopersicon esculen-

tum Mill. infected by viruses
A Rolled leaf symptom; B: Mosaic leaf symptom.
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Table 1 Sequences of primer pairs used for SIA and RT-PCR amplification
Primer name Primer sequence (5'-3")

Universal primer XTN269 GTTTTCCCAGTCACGAC(T)
XTN177 GTTTTCCCAGTCACGAC
M13-47 CGCCAGGGTTTTCCCAGTCACGAC
RV-M GAGCGGATAACAATTTCACACAGG

Specific primer CMV-cp-F ACGTCGACCATGGACAAATC
CMV-cp-R TACCCGGGTCAGACTGGTAGCACC
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Fig. 2 Biological inoculation of indicator plants

A-F. Healthy control, and diseased tomato plants with diffe
rent symptoms were used in this study. A; With leaf roll; B
With leaf mosaic; C: Healthy control plant; D: Indicator
plant with severe symptoms; E. Indicator plant with mild

symptoms; F. Healthy control plant.
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Table 2 The detection results of enzyme-linked immunoassay

Symptoms on tomato Sum Positive number Positive detection rate/ %
Leaf roll 5 4 80
Leaf mosaic 5 3 60
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Fig. 3 Electrophoresis of SIA products

A: M, DL 2000™ DNA marker; CK, Healthy plant; 1-2, Rolled leaf plant.
B: M, DL 2000™ DNA marker; CK, Healthy plant; 1-2, Mosaic leaf plant.
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Fig. 4 Electrophoresis of RT-PCR products
A RT-PCR product of SXFQ with primer set CMV-cp-F/CMV-cp-R; 1-3, Infected plants; CK, Healthy plants;
M, DL 2000™ DNA marker. B; RT-PCR product of FQ with primer set CMV-cp-F/CMV-cp-R; 1-3, Infected plants;
CK, Healthy plants; M, DL 2000™ DNA marker.



1 5K T, 45 BTAEM T (CMV) 2 ALY 43254 CP P81 I 5 B 41 43 2853 Hr 39

512 bp( GenBank % 5%%5:1X993912) Mg HEAE i
HORYHE A B

2.5 CMV FFIHELUES Hr

FIF DNAMAN #X {48 XA S 86 = BF 5210 9 A4~
KA L vg A A XA A 75 32 CMV 43 58 9 CP
(SXFQ. FQ, Am, CD, HH, SXCH, WG, XHL .
XHS) A1 3 N A[E] CMV it #1532 B4 ( YN Fny |
Lily ) #F17#% H iR |2 5087 9 A P LE AT

BAHRRIF I /A4 2R (£ 3) & ,9 > CMV
VG5B cp FEH IR 656 AT TR, FHALE
94.7% ~100% ,CD 4355 HH 1 WG %1 2 17
FIARRIE B %, HH A1 WG A% H R 5 51 AH AL 1
B, KLY KA B SXFQ FQ \HH 22 [a) #% 11 iR
FEHIAAME R 97.6% ~98.0% , K [ 25 1 /3 25 4

Fny 111175 50 B5 41 SXFQ % 41 1R I 51 A BL %
95.0% ,k H = M43 540 YN Fl Lily 217 1R )7 51
AIME A 77.8% , 1 SXFQ Fl YN KR T 51 A B
PN 95.3% , X KWK FH X 5 CMV 2 B W
BRI HI A H A 56, SRR T 50 B SXFQ, FQ,
XHS YN #% R 7 5IAR UM 97.6% ~99.2% , >k
I8 T 25FHY HH  Am 247 B2 7 51 AHPE N 96.3%
KIETIRIERHG WG 8 2 FHY XHL , ZFHY CD
AL R SXCH #% 11 B2 5 5 AR AL 94.7% ~
98.5% ,iX %W CMV 7+ B Y% H IRIT 5 5 3 £ i
FRANE A G,

BRI 7 AN AAUE S W 26 2R (35 4) B R [E Y
AR, 94 CMV 1T 5 B Y2 LR 7 1A B
P4 95.9% ~100% , Horh HH Fl WG Z 5L 1% 551 A1

Table 3 Identity analysis of nucleotide sequence of 12 CMV CP isolates/%

Isolate  SXFQ  FQ Am CD HH SXCH WG XHL  XHS Fny YN Lily
SXFQ  100.0

FQ 97.6  100.0

Am 96.8 97.1  100.0

CD 95.7 96.3 95.9  100.0

HH 97.4 96.8 96.3 94.7  100.0
SXCH 98.9 97.7 97.0 95.9 97.9  100.0

WG 97.4 96.8 9.3 94.7  100.0 97.9  100.0

XHL 98.3 98.0 97.0 95.6 97.9 98.5 97.9  100.0

XHS 98.8 98.5 97.1 96.3 97.7 98.9 97.7 99.2  100.0

Fny 95.0 94.5 93.6 94.0 93.3 94.2 93.3 94.2 94.6  100.0

YN 95.3 94.5 93.6 93.4 93.3 94.8 93.3 94.5 95.0 94.8  100.0

Lily 77.8 78.4 77.4 77.5 77.2 78.0 77.2 77.5 77.8 77.1 77.8  100.0

Table 4 Identity analysis of amino acid sequence of 12 CMV CP isolates/%

Isolate SXFQ FQ Am CD HH SXCH WG XHL XHS Fny YN Lily
SXFQ  100.0

FQ 99.5  100.0

Am 99.1 98.6  100.0

CD 98.6 99.1 97.7  100.0

HH 97.7 98.2 9.8 97.2  100.0
SXCH 99.5 99.1 99.5 98.2 97.2  100.0

WG 98.2 97.7 98.2 96.8 95.9 98.6  100.0

XHL 99.5 99.1 98.6 98.2 97.2 99.1 97.7  100.0

XHS 100.0 99.5 99.1 98.6 97.7 99.5 98.2 99.5  100.0

Fny 98.2 98.6 97.2 97.7 96.8 97.7 96.3 97.7 98.2  100.0

YN 98.6 99.1 97.7 99.1 97.2 98.2 96.8 98.2 98.6 97.7  100.0

Lily 82.5 82.9 82.5 82.0 81.6 82.9 82.0 82.5 82.5 82.5 82.9  100.0
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Fig. 5 Amino acid similarity of 12 CMV isolates
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Fig. 6 Phylogenetic tree of CP amino acid sequence of 64 CMV isolates
Diamond indicates 9 CMV CP isolates in our laboratory; Dark blue line represents Subgroup I A;
Brown line represents Subgroup I B; Blue line represents Subgroup II; Pink line represents Outgroup.
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Table 5 Analysis of the basic physical and chemical properties of CMV CP
Sequence Number of  Molecular  Theoretical Instable Grand average of Aliphatic
name  amino acids weight pl index hydropathicity index Formula
SXFQ 218 24072.49 9.95 45.16 -0.353 85.87 ClosoHi710N3,, O416S
FQ 218 24086.52 9.95 44.28 -0.352 85.87 CiosoHi721 N30, 0416 S
Am 218 24040.43 9.95 45.16 -0.345 87.20 CiosoHi710N31, 0416 S,
CD 218 24074.50 9.92 43.20 -0.361 85.41 C 60 Hi721 Nigo O30S
SXCH 218 24072.49 9.95 45.16 -0.356 85.87 Clos0H1710N351, 0410 S
WG 218 24127.53 9.99 47.99 -0.375 85.87 Cio60H1720N351, 04108
HH 218 23987.35 10.07 44.82 -0.398 84.08 ClopH 75N, 04,08
XHL 218 24042.46 9.95 44.77 -0.341 86.33 ClossHi712N3,, 0415 S
XHS 218 24072.49 9.95 45.16 -0.353 85.87 ClosoHi710N31, 0416 S
Table 6 The estimated half-life and total number of residues of CMV CP
Estimated half-life/h Total number of residues/%
Sequence - —
Mammalian Escherichia coli, Negatively charged Positively charged
name Yeast, in vivo
reticulocytes , in vitro in vivo (Asp + Glu) (Arg + Lys)
SXFQ 30 >20 >10 21 33
FQ 30 >20 >10 21 33
Am 30 >20 >10 21 33
CD 30 >20 >10 21 33
SXCH 30 >20 >10 21 33
WG 30 >20 >10 21 33
HH 30 >20 >10 20 33
XHL 30 >20 >10 21 33
XHS 30 >20 >10 21 33
Table 7 The phosphorylation sites and secondary structure of CMV CP
Sequence Phosphorylation sites Secondary structure
name Ser Thr Tyr Helix/% Strand/%  Coil/ % Disorder Glob Doms
SXFQ 21 6 2 12.4 23.4 64.2 1-25,50-85,210-216 86-218
FQ 21 5 2 14.7 24.8 60.5 1-25,50-85,210-216 86-218
Am 21 7 2 12.4 22.5 65.1 1-25,50-85,210-216 86-218
CD 21 5 2 21.6 18.3 60.1 1-25,50-85,210-216 86-218
SXCH 20 6 2 12.4 20.6 67.0 1-25,50-85,210-216 86-218
WG 20 6 2 11.9 22.5 65.6 1-25,50-85,210-216 86-218
HH 23 6 1 16.5 19.3 64.2 1-25,50-85,210-216 86-218
XHL 21 5 2 12.4 23.4 64.2 1-25,50-85,210-216 86-218
XHS 21 6 2 12.4 23.4 64.2 1-25,50-85,210-216 86-218

—3 [FJE T CMV W4 T B (19 9 M ny LA
PRA BT | BRI O R AR FE B AR DT R K
SOFIIEBK PR EL Y ] BRI DB AR R AR IR
TR LT RSN, AN AFTE S B IX 515 5 IR G54 ; 78
130~ 150 aa Ab 34 — A BER G K X, X Al g 5%
R 45 G I B 2 2 0% (H L SO 5 K 15 2K

YIfE—-0.341 & -0.398 Z [a], ¥ JC W & B K 7%
Strand (#7758 ) £5#9 5 Coil ( JCHR I 2 i ) 45 Wﬁd’g&
B, Helix (1258 ) 4548 R Z 2540 F LR R 4544
Zl‘Eﬂo
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5j Takeshita 25" Stang %57 AU 25 F25101
55 JER S R AT, AR AL 0 4> CMV
PG5 B AT A A7 B 2 T | 5 3 T 25 S ik
1, 5 HH 43 B9 EE pl (A&, & C
FTH B AR/ 17 CD 3 B W Ui 2548 JF i L
B T & 450 . 455 20 75 L IR e
SRR ENL S BT, A3 AR TR CMV CP it A —
S M5V S”-T Y'">H M D' N ZERA5 0]
RES I HE IR BE S5 M 202 , 5 Liang %5 W95 45
SR 25 5 R g ik AL 25 3 o0 B, R — R 1Y
FQ .HH .CD — 2 45#) 130 ~ 180 v 2 8] i Bl £ 4
e i 4544, 5 —FE B9 XHL . SXCH, Am , WG,
SXFQ . XHS HTE 135~ 145 (i fF7E— 2 M e th 4%
¥, KW L SEASMAEMEEXR, 5
Shi Z (UAFFEHAAT . A W1 18 2 U 45 SRl UE
BRI 43 A X 3 CMV 43 25 4 5L A8 AR A8 1 I
ATROUE 5 TR A 531) 22 S 4 SR T RE S5 OR[R & 4y
TIEFA L, 5 Yang P BFSE 45 RIS, Tian
VR Qin 45 BF T 2 WA AS [R] B 58 A0 2 3 T ik
FECMV 5737 2 S R 5% 3L 1) A8 (b 3 5 i 25
FIRIZIRE RS R [R] CMV E 20 43 35 W S 1k 2%
SAl e 5 HEOR RIS A C, AR 9 4~ CMV
LLIVE 5325 4 L 3 o0 B, B H S L R 7 91 A7 A 22
5. CMV 4] 1 B R[4 SXFQ 45 FQ £
BEAr B JE 51 20 13 A% FCARE R 58 55 AN [, 5 i 3
RAF T A X R, 4 70 o7 E LR 1L 58 55 7540
B Z 225 TEFE s A - R B m AEtR 1)
SXFQ 7 &5k S, fE48 /AR Y b 2R 04 55 5 4R 1)
FQ 43 BW) -k T, 1% 22 53 0] BE 5 WA 5 57 1) 500



44

R B 74T

48 &

P, AEMESRGE B R AR YT R, HAl
o S S A B0 AR A R 22 5 TR A G &R
LTS B i 2 0 ST

S 30k

(1]

(2]

(3]

[4]

[5]

(6]

(7]

(8]

(9]

Wang H H, Lin Q Y, Xie L H, et al. The effects of
three Cucumber mosaic virus isolates on the defendant
enzymes and cell membrane permeability in tobacco
cells (in Chinese) [J]. Acta Phytopathologica Sinica
(FPELAEAR) | 2001, 31 (1) : 43-49.

Tian Z F, QiuJ Y, Ding C Z, et al. Cloning and se-
quencing of Cucumber mosaic virus coat protein gene
from tomato (in Chinese) [J]. Acta Agriculturae Bo-
reali-Sinica (fEJLAR2E4R) , 2007, 22 (4) : 203-206.
Wahyuni W S, Dietzgen R G, Hanada K, et al. Sero-
logical and biological variation between and within sub-
group Nand Q strains of Cucumber mosaic virus [J].
Plant Pathology, 1992, 41 (3) . 282-297.

Roossinck M J. Cucumber mosaic virus, a model for
RNA virus evolution [ J]. Molecular Plant Pathology,
2001, 2 (2) : 59-63.

Wang D F, Shi X L, Kou L S, er al. Identification
and partial sequence analysis of the pathogen causing
Cucurbita pepo L. mosaic disease in Shanxi province
(in Chinese) [J]. Journal of Shanxi Agricultural Uni-
versity (ILIPGARL K254 ) , 2016, 36 (5) . 310-
315.

Wang Q. Identification of viral pathogens infecting
Phaseolus vulgaris L. and Capsicum annuvm L. (in
Chinese) [D]. Shanxi: Shanxi Agricultural University
Cps : Pl k%), 2014.

Zhao H Q. Identification and analysis of complete se-
quence of the viruses infecting Atractylodes macroceph-
ala Koidz and Solanum lycopersicum Mill (in Chi-
nese) [ D]. Shanxi; Shanxi Agricultural University
Ly Pl Re) |, 2013,

Niu Y B, Yao M, Wang D F, ef al. Identification of
the pathogenic virus on Ailanthus altissima (in Chi-
nese) [ J]. Acta Phytopathologica Sinica (#4524
), 2011, 41 (4) : 437-440.

Zheng G Y, Wichai K, Gumpf X J. Detection of plant

viruses using Dot-Immunobiding assay (in Chinese )

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[J]. Chinese Journal of Virology (JF&::4R), 1988,
4 (2) . 151-156.

Krajacic M, Ivancic-Jelecki J, Forcic D, et al. Purifi-
cation of plant viral and satellite double-stranded RNAs
on DEAE monoliths [ J]. Journal of Chromatography
A, 2007, 1144 (1) . 111-119.

Tzanetakis I E, Martin R R. A new method for extrac-
tion of double-stranded RNA from plants [ J]. Journal
of Virological Methods, 2008, 149 (1) . 167-170.
Zhang Y D, Zhao H R, Zhou Q, et al. Bioinformatics
analysis of MP gene sequence of Cucumber green mot-
tle mosaic virus Shaoyang isolate (in Chinese) [J].
Genomics and Applied Biology ( 3k K 41 2% 5 f FH A=
Y2#), 2013, 32 (3) : 325-331.

Zhou Y, Zhang R, Guo S, et al. Molecular identifica-
tion of viral pathogens inducing Rehmannia lutinosa
mosaic disease in Beijing (in Chinese) [J]. Journal of
Plant Protection (FH 4 ¥ 244%), 2010, 37 (5) .
447-452.

Xu Z, Barnett O W. Identification of a Cucumber mo-
saic virus strain from naturally infected peanut in China
[J]. Plant Disease, 1983, 68 (10) : 386-389.

Zeng R, Chen Y F,Yan S J, e al. Complete sequence
analysis of Cucumber mosaic virus CTL isolate ( in
Chinese) [J]. Acta Horticulturae Sinica ( 8l Z52%4%) ,
2008, 35 (2) : 213-220.

Niu Y B, Shi X L., Zhao H Q, er al. Molecular identi-
fication and partial sequence analysis of Cucumber mo-
saic virus 1isolate from Atractylodes macrocephala
Koidz (in Chinese) [J]. Acta Phytopathologica Sinica
(HEPRREEAR ) | 2014, 44 (4) : 357-362.

Xu S, Liu Q, Geng C, et al. Complete genomic se-
quences-based recombination and phylogenetic analysis
of Cucumber green mottle mosaic virus (in Chinese )
[J]. Acta Phytopathologica Sinica ( FH#fRFE2E) ,
2016, 46 (3) : 320-327.

LiuY, Mo X H, Yu Q, et al. Virus detection of to-
bacco mosaic disease and subgrouping of Cucumber
mosaic virus (CMV) in Yunnan, Fujian and Hunan
Provinces (in Chinese) [J]. Acta Phytopathologica
Sinica (AR ) , 2006, 36 (4) : 310-313.
Zhao Q, Deng Y S, Ruan X L, et al. Bioinformatics



ik i, 45 B RAEMEEE (CMV) 2 AN L FE 3 B9 CP 41 5 Bl 40 43253 W 45

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

analysis and antiserum preparation of prokaryotic ex-
pression protein of Rice gall dwarf virus Pns9 gene (in
Chinese) [J]. Chinese Journal of Tropical Crops ( #t
WEWSR) , 2010, 31 (12) . 2153-2158.

Zhang Y T, Hu S H, Yan C X, er al. Bioinformatics
prediction of micro RNAs in plant (in Chinese) [J].
Journal of Plant Genetic Resources (24 i 14 %% I %
), 2015, 16 (1) . 147-150.

Chen Y Z, Tan X Q, Zhu C H, er al. Sequence diver-
sity analysis of Cucumber mosaic virus isolates from
common crops in China (in Chinese) [J]. Journal of
Plant Protection (¥ #3724 4t), 2016, 43 (3) .
427-433.

Xi D H, Lin H H, Xiang B C. Subgrouping identifica-
tion and strain differentiation of two Cucumber mosaic
virus isolates (in Chinese) [J]. Acta Phytopathologica
Sinica (FEPIAGHLAEARL) , 2006, 36 (3) : 232-237.
Zhang Z J, Wang DY, Yu C M, et al. Analyzing the
sequence and structure of two different coat protein
genes of Tobacco vein distorting virus (in Chinese )
[J]. Acta Phytopathologica Sinica ( FH#%BE=23) ,
2016, 46 (2) . 241-246.

Magome H, Yoshikawa N, Takahashi T, ef al. Mole-
cular variability of the genomes of capilloviruses from
Apple, Japanese pear, European pear, and Citrus trees
[J]. Phytopathology, 1997, 87 (4) : 389-396.

Song Z, Liu K H, Yang F Y, ef al. Cloning and se-
quence analysis of the CP gene of Citrus tatter leaf vi-
rus [ J]. Scientia Agricultura Sinica, 2009, 42 (10) .
3741-3748.

Takeshita M, Yoshinaga F, Choi H, et al. An isolate
of Cucumber mosaic virus derived from a tomato fruit
[C]. Japan; Kyushu University, 2004.

Stang A, Korn K, Wildner O, et al. Characterization

[28]

[29]

[30]

[31]

[32]

[33]

of virus isolates by particle-associated nucleic acid PCR
[J]. Journal of Clinic Microbiology, 2005, 43 (2) .
716-720.

Liang C Q, Meng Y, Luo L X, et al. Phylogenetic
and bioinformatics analysis of replicase gene sequence
of Cucumber green mottle mosaic virus (in Chinese)
[J]. Chinese Journal of Virology (JF&::4R) , 2015,
31 (6) : 620-628.

Shi FY, Gao F L, ShenJ F, er al. Sequence variation
of PI gene in Potato virus Y isolated from Fujian pro-
vince (in Chinese) [J]. Hereditas (j&tf%), 2014, 36
(7) . 713-722.

Yang J G, Fan W H, Yang L Q, ef al. Screening and
the bioinformatics analysis of the Nicotiana tabacum L.
TSWYV-Resistant genes Chinese (in Chinese) [J]. To-
bacco Science ( FEAHFERLE) , 2016, 37 (4) : 60-
67.

Tian Z F, YuJ L, Liu W C, et al. Comparative study
on Bio-characteristics of Cucumber mosaic virus
(CMV) subgroup I and I (in Chinese) [J]. Acta
Agriculturae Boreali-Sinica (fEJbA224R) , 2009, 24
(5) : 201-205.

Qin R, Cheng W Y. Research progresses on Cucumber
mosaic virus (in Chinese) [J]. Journal of South-Cen-
tral University for Nationalities ( Nat. Sci. Edition )
(R RE K24 (AR RR) 1, 2004, 23
(2) : 33-38.

LiuJ L, Wang F T, Wei Y, et al. Cloning and se-
quence analyses of the coat protein genes of Waterme-
lon mosaic virus and Cucumber mosaic virus from one
mix-infected squash plant (in Chinese) [J]. Chinese
Agricultural Science Bulletin ( H'E 4248 ) , 2010,
26 (16) : 262-266.

WA T 2H





