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B EALBHELT PR EIARGEHAE G PIRE B RS R A A,
F 8 42 RNA(double-stranded RNA, dsRNA) # K F= 3k 5 7|4 # PCR ¥ 3% (Sequence-in-
dependent amplification, STA) 7 ik , % 4& % & 76 A 60 5 A m R A& W, A B A L B 5 &
F R E IR G B RAEAEIRIE, BRAN . ZAREGZAETRECMY) BEEEE
(TMV) Fe B4 % S & (PVS 3 #rmF L a2 %, ¥ 1L o 54 £ % CMV-SXFQ.TMV-FQ
Fo PVS-SXFQ, # % # CMV-SXFQ.TMV-FQ #» PVS-SXFQ # & £ ¥4, % — ¥ £ %
B TX3ABAENW CP ARG FAMMEeEg, L0 CMV-SXFQ 5 CMV & T4
REMBMMME A 74.9%~98.8%, RABRF 57 e A8 M & 82.5%~99.5%; TMV-
FQL5 TMV KX & 2 AWM A 74.4% ~99.8%, R A B F 7 ¥4 4 83.6% ~
100. 0% ; PVS-SXFQ &5 PVS K & 4k R A4l A 93. 2% ~99. 3%, RA B 5 5] 69 A5 4 4
92.4%~100.0%; 2 %t 5 &2 . CMV-SXFQ 4 &4 5 £ 4 | B #9 CH,HLJ,XJ2,
Am. As %A F% £ ZRE; TMV-FQ 5 &% 5 IM,Jimo,SXFQ # & £ % % & R if;PVS
SXFQ 4 &#5 Cm. .St 4k A FH X A KL,
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virus, TMV) . ¥ J& £ M %5 2 (cucumber mosaic
virus, CMV) |, 54 % Y 5§ & (potato virus Y,
PVY) . % B #£ it J% % (tomato mosaic virus,
ToMV) . %& ¥ ZEE 5 75 (bean broad wilt virus,
BBWWV)E!  F: i w54k il 9% 2% (tomato yellow
leaf curl virus, TYLCV) . & #n 48 4% 9% 2 (tomato
chlorosis virus, ToCV)'! | & #i BE 255 5 (tomato
spotted wilt virus, TSWV) 45

)R 4L 1t 5% B (cucumber mosaic virus,
CMV) B4 E 5 28 (Bromoviridae) 3 JR 1
8 (Cucumovirus) AL EM R R ,CMV f
124x 85 Fl 365 B 1 000 ZFHEY, it H CMV
AT T F I HREAS . WEETRE
(tobacco mosaic virus, TMV) B B LM IE =B
(Tobamovirus) .o 5 BHAKZIB IR EA 22 Fh,
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BH-ANEEMY , TMV 8635 300 ZFY
HolimEEE., LEE SHF (potato virus S,
PV B TEE AN ERER R, F FEHEK
%N BER YA B R BERHE Y, SRR e
i — AR ] T 6% 2 10 %6 ~20 001,

BEBZH T 2012—2013 4E%F LI Fa48 5 Fh 3 X
TR TR B TR A A, A B A B AR
BAL i BRAE PREAERE R & T A R
AR B P R A B AR A L B R R
MRRMETHA . AT YI#HILTEE B T X 2
MR BB R AT R BB RA S, ZB 5 R H
W4t RNA (double-stranded RNA, dsRNA) F K
FaE e 54K i PCR ¥ 1% (Sequence-independent
amplification, SIA) 77 , SHR AL B B0 R BT 4
JE R F A oA LABR A A B B4R L IR 0 B
TRRE 328 A7 , DL Ay LIV 48 28 s 0 1 B
RIS ZARIE

1 #REFE

1.1 RIEH#

e R B LU P HP b X3 5 oA R S A
M RBUOAH AR sk sl s il KA RS

FE R TR e B I e B 0 i SR B
(M-MLV) #1 RNasin #% i8530 557 4, 15 5 Pro-
mega A F]; TEEZRAR pMD 18- T I 3 TaKaRa &
Al Tag Plus DNA polymerse, Tag DNA poly-
merse FIEIEHEBER DNA [BIGR ] & %0 H 2E
T.(Sangon Biotech) 2],
1.2 RKWHE
L.2.1 FEYIREXUEE RNA(AsRNA) 3

VEBCHEAR B R a4k A il kAR SR R 2
Bt R, 2 B AR Blvk 550 I TZANETAKIS 450
W7 R CE-11 S 460 BT dsRNA, &
Jeks 10 g e IR R IEA BT S INA 15 mL $2HR
W (100 mmol « L7 NaCl, 50 mmol « L™ Tris-
HCI pH 8.0, 1 mmol « L™' EDTA pH 8.0,
1.25% SDS, 2% polyvinylpyrrolidone, 1% &
mercaptoethanol) , 785+ 1R 21, A &5 R BB /&
15, 5582 ,4 °C .4 800 r » min B> 5 min, X
EEWR B A SRS/ R B E E R T

SRIGH 16. 5% Z.E ) STE (100 mmol » L™ NaCl,
50 mmol « L™! TrissHCI pH 8.0,1 mmol » L™*
EDTA pH 8. 0)3&4k# CF-11 £438 dsRNA, I
A 1/10 & 3 mol « L™! NaAC pH 5.2 1 3 f%
IWHHITEK BT 3E dsRNA; B 5 75% 2.1
U, THE LB T ddH, 0, —20 CHRESRH.
1.2.2 HERFH4KH 4 PCR(SIA) fi: R PCR
R I

FRIBENLE | XTN26904, L 1. 2. 1 de kI
1) dsRNA Rt , fUi% 9 153K 1505 5% <DNA;
A XTNL77 5| #3647 SIA AW, BA R B 4
EMBRFS RBABUKES g BB iR
B, W NCBL LB i s# i CMV, TMV,
PVS 53E¥ CP K& it4e 7 51 3w 2 38 405 5
47 RT-PCR #73%., [R) i U@ AR cDNA g B4
TR, Bl FIBENLE | 58 S R = 5 | 550
*E1,

%1 PCR ¥ ¥&Fr sS4/ 5

Table 1 Sequences of primer pairs for PCR amplification

Elk7 B3

Primer name

Gt e

Primer sequence

5'-AAGCAGTGGTATCAACGCAGAGNNNNNN-3'
5'-AAGCAGTGGTATCAACGCAGAG-3'

XTN269
XTN177

CMV CP-F 5'-ACGTCGACCATGGACAAATC-3'
CMV CP-R 5'-TACCCGGGTCAGACTGGTAGCACC-3'
PVS CP-F 5'-CCTCAAAAAGGCACAATTCAAC-3
PVS CP-R 5'-AATCTCAGCGCCAAGCATC-3'
TMV CP-F 5'-ATTAGACCCOGCTAGTCACAGCAC-3
TMV CP-R 5'-GTGGGGTTCGCCTGATTTT-3'
M13-47 5'-CGCCAGGGTTTTCCCAGTCACGAC-3'
RV-M 5'-GAGCGGATAACAATTTCACACAGG-3'

1.2.3 PCR =¥ 5ifE ¥ 58t

1 B BB e 5 £ Il ) A B
¥ HE 5 PMD 18T vector 347 3% 84 1k, LA
M13-47 il RV-M R 5| ¥ 47 7% PCR %5, ¥k
B 3 A~ BH M B 4H ks A st 4 KRB
DAY . 58T 45 R 5 I NCBI 11
BLAST ¥%ZREFH; #l i DNAMAN 6. 0 3x4:
XFETINEE) 5 B R IE W 2 B ST RRIT S
SFETR 7 5 1 R U5 1 R A LM L AR 4 B, 3
MEGA 5. 2 348 RS HEAEM
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2.1 SIA#&i

PLRSE B AR LRI dsRNA 5 35T
B cDNA AR, R XTN177 P54
BEAT STA $4% 483 K/ Ny 1 675,755,457 bp B
J B TR RRAE i AR SR 3 AR A] B DD
il I FE A FES A, SERBE K CMV,
TMV .PVS [RIVEHEAR & » RIS HI7E 92. 9060~
98.1%.93.6%~99.2%.95.1% ~99. 2%, ¥
FEBRMIW CMV, TMV . PVS IR & 174, %% 5
B4 CMV-SXFQ. TMV-FQ.PVS SXFQ,
2.2 #2549 PCR &l

KT —F#E CMV-SXFQ. TMV-FQ.
PVS-SXFQ I35 A , 1223058 LA 3R B K] 3 73t Jak
Rt i dsRNA SR JE T U cDNA St
# , CMV-CP-F/CMV-CP-R, TMV-CP-F/TMV-
CP-R.PVS-CP-F/PVS-CPR (F§ F¥# # CMV,
TMV.PVS4hEHER CP) A5 i iThR

(A) M 1 2 3 CK ®) M 1

2000bp—1.

1 000 bp
750 bp

500
250 bp |
100 bp -

670 bp 500 bp
200 bp

519 PCR AWM., ¥ =92 1% Big b B
WA, 43 B4R 2 K/NA 670 bp (GenBank £ 5%
2:JX993914) (& 2A), 480 bp (GenBank % 5%
5. KC007531) (F 2B). 683 bp (GenBank %
5:1X993907) ( 20) B B i 1 B, Mg BRAE i
R 3 HHAB R R/ B

M

2 3 CK

2000 bp 1 675 by
1000 bp-
750 bp ~755 bp
500 bp -457 bp

250 bp
100 bp-

.M. DL 2 000™ DNA Marker; CK. {gtRAERk; 1~3. B
SR .
Note: M. DL 2 000™ DNA Marker; CK. Healthy plant;
1—3. Infected plant.
| SIA#HERKER
Fig.1 Electrophoresis of SIA products

3 CK (©)

E:M. DL 2 000™ DNA Marker; CK. fBH#% s 1~5. BORHERE .
Note: M. DL 2 000™ DNA Marker; CK. Healthy plant;1—5. Infected plant,
2 %534 PCR &R
Fig. 2 Electrophoresis of PCR products of specific primer

2.3 FIHECESTIRSEHL SR

FFf DNAMAN 6.0 %, B 4ExF CMV-
SXFQ 4f%Hy CP F5 5k B2 HE . HE.H A,
HHE LR 14 N E 3T R RIT Y] A A
i e 370 [l R Pk FRE BLPE Lo BT (B 2) g3k
B ,CMV-SXFQ i CP #RH 755 CMV £ T 4
RERZH MR T 70%, W 5 PSV /L FEH%
A UL T 60%; CMV-SXFQ 5 CMV
41 1 ARFAR R A% TR S R P 40 A (90 %%
DL )z 5 WA AR R W AH B4 (85 Y0 LA

™. FHIL CMV-SXFQJET CMV T4 T .

T H R CMV-SXFQ MR 5k
REZ I MEGA 5. 2 344, 3F LAR B 1) PSV £k
ZAMEE, M Z B MERENEE 14 4
CMV ¥EZME CP ER YRR T R F ik
B, B 3 A4, CMV-SXFQ 54 I Bt FEkk
% CH.HLJ.XJ2.Am.As e s — /M43 2. B
K—, H—$FEP CMV-SXFQ /g F CMV i
1B,
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Table 2 Identity analysis of nucleotide and deduced amino acid sequence of CMV-SXFQ CP with other CMV strains
I GenBank ﬁ‘%% . T &Iﬁ:@f?ﬁﬂlﬁ]ﬁﬁ ﬁ%@??ﬂlﬁmﬁjﬁ
Strain or isolate GenBank accession Origin Subgroup Homology of nucleotide Homology of amino
numbers sequence/ %% acid sequence/ %
M AF268599 rh E AR IA 93.8 95.9
Fny D10538 EH IA 93.8 98.2
Y D12499 B4 TA 93.8 97.2
Legume D16405 HA ITA 93.4 97.2
As X77855 FHE 1B 96. 2 99.1
XJ2 DQO070746 o [ g Ji| IB 98.6 99.1
DanShen AY600989 HEm L 1B 97.7 99. 5
Am JQ362394 R 7 1B 98.8 99.1
HLJ DQ459481 FIE = IB 98. 6 98. 6
CH JX993913 P IB 97.9 99.5
Indian AM396983 21)::8 I 76. 8 84.3
lily DQ885291 HEZH il 74.9 82.5
PaFM ABL09908 FHE If 76.0 82.9
PSV-ER U15730 xH — 52.4 45.4
CH (JX993913) ]
HLJT (DQ459481)
Am (JQ362394)
X12 (DQ0O70746)
SXFQ (JX993914)
As (X77855) I
DanShen (AY600989)
Fny (D10538)
Y (D12499)
Legume (D16405)
M (AF268599) _ |
Indian (AM396983) ]
{LPaFM (AB109908) il
lily (DQ885291) ]
PSV-ER (U15730)
005

3 CMV-SXFQ CP ERSEEF I R #HL S #
Fig. 3 Phylogenetic tree analysis on CP amino acid sequence of CMV-SXFQ and other reported isolates

HK % TMV-FQ 4t4 g CP #5155k |
E B A ERKFER 13 4~ TMV 4388 i
TR F PN A E BRI 9 R IR (R 3), 4521
FKH, TMV-FQ 5 TMV (REH R H BT S
IEAE 74. 4% ~ 99. 8% , & KR ¢ 5 A0 0l M 4
83. 6% ~100. 0%, #iE TMV-FQ B T TMV,

R T B TMV-FQ B8R 5 3L %
R AZABYHEREHEE TMV HKREWE
CP ERMAERIF I R SR, HIE 4 7]
L, TMV-FQ 43 8% 5 IM, Jimo, SXFQ # & &
R RERRRI,

)5 % PVS-SXFQ 4531 CP P 3l 5k H

W E RO BHME E T R E R E R 16 4
BT R T 5 A FER T H) R IR A A
PEELE ST (R O, 45 R R, PVSSXFQ Yy CP
HEEAFFEH PVS KRB RZMUEREE T
90%;PVS-SXFQ 5 PVS fRFEH R B H R ¥ 4
AIIEETE 93. 2% ~99. 3% , S/ T 5 A0 Bl 7E
92.4%~100.0%,

R T #— W5 PVS-SXFQ Wi i 5 # 1k
KA B HE R HE PVS-SXFQ #%
Fiygt CP EREMRARERT I R A #F W . HE
5 W41, PVS-SXFQ /B 5 Cm. .St 4kREARH—
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%3 TMV-FQ CP 5E2#RiEk TMV S BUZEFER S S EB N RIREE L5
Table 3 Identity analysis of nucleotide and deduced amino acid sequence of TMV-FQ CP with other TMV strains
WRESBEY GenBank &35 SRR AT 5 R FEE IR M
Strain or isolate GenBank accession numbers Origin Homology of nucleotide sequence/ % Homology of amino acid sequence/ %
™M AB369276 HHE 99. 8 100. 0
Jimo HES18443 PELILAR 99.4 100. 0
Chuxiong-1 HES18417 PELILAR 96.0 99. 4
Rakkyo D63809 HA 94. 6 96. 2
pet-TW EF392659 FEEE 89.2 95.6
Japanese AB628188 B 86.9 93.7
Henan EF375551 o [ T R 85.2 95.0
Shard JX575184 P T 85.0 94.3
Queensland AF332868 BRF)E 744 83.6
Mangshi-2 HES18437 PELILAR 97.5 98.7
Yongren-1 HES18457 FEILAR 97.1 98.7
SXFQ JX993906 P T 99. 8 100.0
TMV-152 AF395129 FE R 98.5 99.4
IM (AB369276)

Jimo (HES18443)
SXFQ (1X993906)

TMV-FQ (KC007531)
Chuxiong-1 (HHE818417)

Rakkyo (D63809)
Mangshi-2 (HE818437)
TMV-152 (AF395129)
Yongren-1 (HE818457)
Henan (EF375551)
V—‘— Shanxi (TX575184)
I— Japanese (AB628188)

pet-TW (EF392659)

Queensland (AF332868)

0.02

4 TMV-SXFQ CP BEESEBRF | RGHL 2
Fig. 4 Phylogenetic tree analysis on CP amino acid sequence of TMV-SXFQ and other reported isolates

F4 PVS-SXFQ CP 5E2RiEM PVS S B W H B S S BB FIREEL X 04
Table 4 Identity analysis of nucleotide and deduced amino acid sequence of PVS-SXFQ CP with other PVS strains
WRESBEY GenBank &35 SRR AT 5 R FEE IR M
Strain or isolate GenBank accession numbers Origin Homology of nucleotide sequence/ % Homology of amino acid sequence/ %
144-PVS GU144327 BE 96. 7 97.7
Chasques JN082762 LT 95.8 95. 4
TAS03-NE58. 5 TN244091 BAFT. 96. 6 95. 4
TAS03-NE59. 2 TN244093 BAFT. 95. 4 95. 4
TAS03-NW7. 5 JN244087 BRF)E 95.0 95. 4
TAS03-NW16. 5 JN244097 BRF)E 95.3 94,7
Cm K(C818635 FE 99. 2 100. 0
Genomic S45593 — 93.2 92.4
St K(C818634 FE 99. 3 100. 0
Leona AJ863509 1EE 95.3 95. 4
PVS3-5 AB364945 AR 95.3 94.7
Yunnan KC430335 HE 96. 3 94.7
Hebei DQ315387 HE 95.8 94.7
1d4106-US FJ813513 xH 94.8 93.9
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— 144-PVS (GU144327)

| Cm (KC818635)

| St (KC818634)
PVS-SXFQ (JX993907)

TAS03-NE59.2 (IN244093)
TAS03-NES8.5 (IN244091)

4{‘: TAS03-NW16.5 (IN244097)
TAS03-NW7.5 (JN244087)

Leona (AJ863509)

Chasques (JIN082762)

PVS3-5 (AB364945)

Yunnan (KC430335)

Hebei (DQ315387)

1d4106-US (FJ813513)

—
0.005

Genomic (S45593)

5 PVSSXFQ CP EESERFF I REH AT
Fig. 5 Phylogenetic tree analysis on CP amino acid sequence ofPVS-SXFQ and other reported isolates

3 &HitHithit

YRR MY R e R M E A
R Ye 34 22 % W B KSR AE W) B IE B AR K
U, R4 T 2012—2013 4E7E LU TE % R AT
S T VR, &2 BHLHH JB) BRSO 2R R AL
i, B (B BARERE M ATE R, ik
I8 SRF dsRNA 5B AR SIA M4 & 77 k%t
HAT 7% R4 8, & BLEOR % i AT ok 32 3
CMV.TMV 1 PVS & 5124,

TMV 1 CMV ZFE{a [ 2 . YRR Ym
BRI R RS, B R
ARG BB AR LM BEE L AR BEA
AERDT, PVS BRG DA EW AR EZ —
KEIL T R A i, R e DA B
WASIRIFAES s B A ¥ 5 W PVS 2 YL W
R, %A R PR F A EAR B B, (B X Fh R
BESEHTF TMV 1 CMV WELREET FE
BT H AR HE T PVS MR AFRER B 28 58, H
BARIEHE M RIEE,

R E AR YRR T AR AR E
A%, KR 2R3 3 FORF B R
FREPRIN EE AT 3 e 20 BT RN AR R B B
PN ESOFEBER R CMV #l BBWV
BHRGE A AR S BOE AR AR
#; GARCIA-CANO %21 g 57 % 31 ToCV 5
TSWV £ [FE 44t TSWV & A}, ToCV #)

BYLSSHFEFMER TSWV Hitk, B 2 fhk
BEVEAR FF F W R PR M MANZER 5722 358
R PVS —ARIAEIR , MY ] D4
W 100~20%, 1 PVS S HERFBEREERED
BESERE A EREE, B 2 MwmiEihd:
MARR N EBUR T, il Y PVS 5 D42 M R
7 (potato virus M, PVM) B B & 2 X J§
(potato virus X,PVX)O B SR YAt GBS R DA E
W= 20% ~ 3026 . %5 I T E P 5 4K
PCR 9 FI4r 57 5 | 0 7 1 5 e JBR e 26 Al AR 1Y
WEMEK N CMV, TMV HI PVS, W PVS 5
CMV & TMV & &R e 28 o B Sk m 2k
e 25 A AELAR B P2 B AVEAR . IR R i — 2B IR ABESE .
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Cloning and Sequence Analysis of Coat Protein Genes of CMV,TMYV and
PVS From Lycopersicon esculentum Mill. Plant

YU Peixia' , ZHAO Huigi' , LIU Yong?  WANG Defu! ,NIU Yanbing®
(1. College of Life Sciences, Shanxi Agricultural University, Taigu, Shanxi 030801; 2. Hunan Plant Protection Institute,
Hunan Academy of Agricultural Science,Changsha, Hunan 410125)

Abstract: The leaves of tomato (Lycopersicon esculentum) from Jinzhong region of Shanxi Province
shown chlorotic yellows, curly, black leaf pathogen were used as materials, the technology of double-
stranded RNA (dsRNA) and sequence-independent amplification(SIA) was used to identify the virus
pathogen that induced tomato, in order to provide reference for the prevention and control of virus
disease infecting tomato in Shanxi Province. The results showed that samples of plants were infected
with tobacco mosaic virus (TMV), cucumber mosaic virus (CMV) and potato virus S (PVS)
respectively and named CMV-SXFQ, TMV-FQ and PVS-SXFQ. To further characterize the isolate of
CMV-SXFQ,TMV-FQ and PVS-SXFQ, the coat protain(CP) of CMV-SXFQ, TMV-FQ and PVS-
SXFQ were cloned and analyzed. Sequence alignments showed that the nucleotide homology similarity
between CMV-SXFQ and CMV subgroup virus were 74.9% — 98. 8%, and the amino acide sequence
similarity were 82. 5% —99. 5%. The nucleotide homology similartity between TMV-FQ and TMV subgroup
virus was 74. 4% —99. 5% ,and the amino acide sequence similarity were 83. 6% —100. 0%. The nucleotide
homology similartity between PVS-SXFQ and PVS subgroup virus were 93. 3% —99. 3% ,and the amino acide
sequence similartity were 92. 4% —100. 0%. Phylogenetic analysis suggested that CMV-SXFQ was the same
as CH, HLJ,X]J2, Am and As, which belonged to the CMV subgroup I B; TMV-FQ was closely related to IM,
Jimo and SXFQ; PVS-SXFQ was closely related to Cm, St.

Keywords: Lycopersicon esculentum Mill, ; mixed infection; tobacco mosaic virus; cucumber mosaic

virus; potato virus S



