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RO A BE B A6 0F T, AE5T 100081)

B OE: VTSR TR R IR EERYE, RN TR RNA GIRNA) @@ sl r R,
G EME BRI EFEM AT E Y, RIAFEHERM G5 (Tobacco mild green
mosaic virus, TMGMV) FIEAMPEB AL B (Tomato mottle mosaic virus, ToMMV). AT WIFiZEE R,
KHEMEE S TMGMV fl ToMMV [{4h 758 1 (coat protein, CP) K FE[H#HE47 RT-PCR § 4 fil & 453k
AT, 2143%] 500 bp 1 TMGMV-CP F1 482 bp (] TOMMV-CP § 574477, 5 GenBank 1 TMGMV
Al TOMMV J#F AU 23 BliE E] 98% ~ 100%F1 100%, 1t B A7 AT 5 iy SEAEAE TMGMV Fil TOMMV
SERAWZR WE LT WAL 23 fr BERABER AL TR, 20 BIR FARE M54 524-F/R R
ToMMV-F/R BEATAGI . 459 8o, Frafeihi8 &4 TMGMV, 20 AFE & H ToMMV, B45F 56
HEHN 86.96%. XHiT Fai AL T AIEOR R B, BeRE i FAE R I H -5 H R R R AR,
AT B AADBRABU B HLY (K55 B AR YRE IR, AERERh R 4L 4 PG 21195 # ToMMV Al TMGMV .
SR, T REREILRIRE 4 E H TMGMV Rl ToMMV B R .
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Identification of Viruses Causing Eggplant Purple Mottle Flower Disease
by siRNA High-throughput Sequencing and RT-PCR detection

CHAI Ali, CHEN Lida, CAO Jingiang, KANG Huajun, SHI Yanxia, XIE Xuewen, and LI Baoju"
(Institute of Vegetables and Flowers, Chinese Academy of Agricultural Sciences, Beijing 100081, China)

Abstract: To identify the virus causing eggplant purple mottle flower disease, high-throughput
sequencing of small interfering RNA (siRNA) was performed with eggplant samples, and then the RNA
virus was screened with bioinformatics methods. Results showed that genomic information of Tobacco
mild green mosaic virus (TMGMYV ) and Tomato mottle mosaic virus (TOMMYV ) were detected in eggplant
samples. To confirm the results, total RNAs were analyzed by reverse transcription (RT) -PCR to amplify
the full-length coat protein (CP) gene of 500 bp TMGMYV and 482 bp TOMMYV. Blast analysis confirmed
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the identity of the virus, showing 98% - 100% and 100% similarity to TMGMV-CP and ToMMV-CP
sequence, respectively. Twenty-three suspected mottled eggplant samples from Shandong, Henan,
Liaoning, and Hebei provinces were tested with specific primers 524-F/R and TOMMV-F/R. The expected
500 bp TMGMV-CP fragment was amplified from all 23 samples, and 289 bp TOMMV-CP fragment was
amplified from 20 samples. In pathogenicity test, all leaves of inoculated eggplant, tomato and pepper,
and flowers of eggplant showed the same symptoms as the field. The results showed that TMGMV and
ToMMYV were identified in the eggplant mottled purple flower disease.

Keywords: eggplant purple mottle virus disease; siRNA high-throughput sequencing; molecular

identification; Tobacco mild green mosaic virus; Tomato mottle mosaic virus

IR, i (Solanum melongena L.) JRE KA HE, MONRIL R B FER KL —.
PEARIE , 2 Qe 1 R B 20 R0, Horb RNA W 55 32 201 B & 460 25 (Alfalfa mosaic virus, AMV)
T HEEW T (Broad bean wilt virus, BBWV). 3Nt (Cucumber mosaic virus, CMV). #ifi
TR 4a B (Eggplant mottled crinkle virus, EMCV). i ¥ BRI EE (Eggplant mottle dwarf
virus, EMDV) . B FREM PN EE (Eggplant mild leaf mottle virus, EMLMV). i TV BT 505 75

(Eggplant blister mottled virus, EBMV ). 542 X 57 (Potato virus X, PVX)\ L2 Y %5 (Potato
virus Y, PVY) « T 4R 4 5 (Tomato chlorosis virus, ToCV) « JHHAE 95 5 (Tobacco mosaic virus,
TMV) | BEHAEM IR EE (Tomato mosaic virus, TOMV) « FTEE LM IHEE (Turnip mosaic virus, TuMV ).
TWPLZRE T (Tomato spotted wilt virus, TSWV) . FaifIBRE (Tomato torrado virus, ToTV).
BRI B EE  (Pepper veinal mottle virus, PVMV). BAHURBE LN EE (Pepper mild mottle virus,
PMMoV). i FELLEHMUKPER 5 (Chilli veinal mottle virus, CVMV). 7 JREFAL E I 5 (Cucurbit
aphid-borne yellows virus, CABYV) %; DNA WiEi A & EH W% (Tomato yellow leaf curl
virus, TYLCV). #7118 B KA M55 (Tomato leaf curl new delhi virus, ToLCNDV) 4; #t4b, i
AMTIERITT (Eggplant latent viroid, ELVA) SESIREEAT LR AT (Martelli & Hamadi, 1986;
Marchoux et al., 1991; Sadeghi etal., 2008; Zhangetal., 2015; f% Z&, 2016) . #RifM, AW
Hh S B R AR B S e B (Tobacco mild green mosaic virus, TMGMV ) FIE i BE 5 AL -5 55

(Tomato mottle mosaic virus, ToMMV) 1244 ii &I G5, 78 B FR b AR WAkiE .

/N4 RNA (small interfering RNA, siRNAD ¥ FE Wl 7452 AR A& K A8 25 1098 A /) T H (Hagen
etal., 2011; B4 55, 2014). FIARZECR, BIAFH KB T 20800, W07 S804 S & A
KILTHKPE 10 057 nt FHT BB IEREE (Lietal., 2012), FER & M Fr oo AL T 14 1Kk B 25

(Grapevine vein clearing virus, GVCV). Hi%&KLiEH 5 (Grapevine pinot gris virus, GPGV)
WA AR EE (Grapevine redleaf-associated virus, GRLaV) Z5§1Jii#F (Zhang et al., 2011;
Giampetruzzi et al., 2012; Poojari et al., 2013), 7EHMHELH & HLEELUHT 73 B Mint virus 1 F1 Potato leafroll
virus (EJHZE 55, 2015,

AP R T 2015 4 3 HE 2017 £ 6 H, EWLZRAF0. WG 1T L5 bR
SR = KM, BEEEAREN TIERCEAE, FERERI S DI Wi TR s e A e A E,  Hig
P E o BT SRR AL 1 BRI A AN, SR FH v 18 B RO s 7 i AR () sIRNA AT
IS ARG B TR AT R R A XS 70 i, SR )5 R A RT-PCR 3R 3E— %t siRNA farill 45 it 47
BOUE, BB SR PEBCE LR R BRSSP T RN 7 455 120 T R AR R LB AR
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1.1 e
2015 43 H—2017 % 6 H, MILIZR, WRE. 107 VbS5 2 RMIR S T 23 4 B4
BEMAE AR IR B AR, Hod L R0 10 43, TWIRGWERH 5 43, TR M S A, I dbigerH 3
Uy o A2 BT BEAE AR B B AV R 2 B B A6 T FT T il =5, A FEARIORAE T - 80 "CUKFEH & H
Trizol Reagent W F i tERE ( Bifg) RO AR AT RFEFIAHE FastQuant RT Kit 1§ H KR
AR (b)) BIRAF]; 2x TagMix (MT201), JTWHEGERE (dbx) HRAH .

1.2 FFHARE RNA RUIZEY

KH TRIzol EREEUN TFEA S RNA. HL 0.2 g i FREATREAHIE, BHREAN 1.5 mL 5
O, RIEAI 1 mL TRIzol k7, ZEHIEA, Fik##1E 5min; 4 °CF 12000 r - min™ B> 10 min;
¥ BB 1.5 mL B0, A 02 mL &7 EHRA), EIRAE 5 min; 4 CF 12 000 r - min’
B0 10 ming HUEIEW (2400 uL) IR 2R, ENEE 10 min; 4 CF 12000 - min’'
B0 10 ming FF_EIEWL N 1 mL 75% L BEIRUTIE 2 0 4 'C R 120001 - min™ B0 5 min; H4R
FJ&, A 50 uL RNase-Free ddH,O ¥ fi# . [FIF, $EHUE R FFEA S RNA /BB X IE, - 80 C
RAEEH

1.3 sRNA XEMEZENSBENF

HFFEA sIRNA 43 B SCPEM il s, 8l Ak il = 40 Rk R BR A w] 58 e, Wl
J7°F 554 lllumina Hiseq 2000,

14 WmEFIISH

X} siRNA 752 JE4E reads, HBRMICTIE. T 3Bk 5823k, polyA/T/G/C [] reads, ik
HUCRE 18 ~ 26 bp [ AL sRNA. R [FI BEAT R B AP S0 0 A0 sSRNA Ff4ie. TR

RN YD : ] Bowtie BT 415 2 1945 2 sSRNA 515 FHEEIA L, 70 Hr AR 33 H
H W aAtEst; HARARITEH sRNA, 5 GenBank Virus RefSeq #ZBREHE 2 LLXS, VI % @ FEA
BYIREEHIE DL

SRNA PHERIARE: F Vevet BMXHF 2 1065 21 sSRNA HEATFE S AL 3591, K PR3 contigs
F|H Host Genome. NCBI Nr (non-redundant protein sequences)» NCBI Nt (non-redundant nucleotide
sequences ). GenBank Virus RefSeq Nucleotide. GenBank Virus RefSeq Protein 25 %4t 8 i7E 17 L X6 A1 43
VTR, TR K 51T BB AR R EE AN 2 . K H Blast BE LR, ¥E BIME evalue = 1e-5.
1.5 RT-PCR {1 RZIHNL T

siRNA el & 5 45 H SRt 7 AF P A7 E TMGMYV 1 ToMMV B R 5 .y 7 XHi%45 SRtk 4T
Y654F, SR 514 524-F/524-R F1 TOMMV-4F/ToMMV-4R (& 1) X 5 F% 2 11 752 & (4 (Coat Protein,
CP) A KILRBATY M. B 51y iiEa R (b5 FIRA R GG

PASRHLIR) 2 RNA AR, F FastQuant RT Kit 71 & [ % 5 & U 32 ¥) cDNA 28 —2%#%. PCR
PR RN 20 uL, % 2x Taq PCR Master Mix 10 pL, . Fi##514)% 0.5 uL, cDNA 4R 1 uL,
ddH,O M2 % 20 L. PCR # B4 2561 : 94 CHIAETE 4 min; 94 ‘CAEME 305, 53 CiBK 30s, 72 C
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EAH 45 s, 3L 34 ANMEIR; 72 CHMNFEAEMH 10 min. FHLEF S, HUS uL PCR F=4T 1.5%F: A bt
LYK (110 V, 45 min) #&ill, FH Jel Doc 2001 &4 [ ZhtAe it R4t ic 45 5. PCR =ik &
AR (b AIRAF ST .
7 GenBank 1% AN [0 X AN [F] 2 32 FJHELE 5 58 )@ 5 B2 11 CP JE R IE 14 S, AT 7 b 3 3
R TMGMV. ToMMV 5 R CP B[ 7 43T RIUEE LA, R MEGA4.1 484
(neighbor-joining, NI) #JE RGEFAR, € 5 EMFIHEELHREMEL. REKERHH5L
BIEE (Bootstrap) T 1000 REH 57

% 1 RT-PCRSIHIFFIER
Tabel 1 Primer sequences for RT-PCR detection

k=2 FEIH G1k7| FHl(57-3D b1 F K /bp SR

Virus Gene name Primer Sequence Amplicon size Reference

TMGMV CP &K 524-F CGTCATCGAGTACGTTTTAA 500 Cohen et al., 2001
CP full-length 524-R CGTCATCGAGTACGTTTTAA

ToMMV CP #4y ToMMV-F CGACCCTGTAGAATTAATAAATATT 289 Sui etal., 2017
CP fragment ToMMV-R CACTCTGCGAGTGGCATCCAAT

ToMMV  CP &k ToMMV-4F ATGTCTTACGCTATTAC 482 ENT St
CP full-length ToMMV-4R TTAGGACGCTGGCGC This research

1.6 HEMFHEEEERHFEN

SRCLRE LR, WEE . T AEEEH 23 0y BEALLRE FE 0 AT REAS S RNA AR, A%
S5 W) 524-F/524-R 1 TOMMV-F/ToMMV-R (Cohen et al., 2001; Suietal., 2017) 4T RT-PCR
S FREI, B E 5| G T BRI AR () B A

1.7 BURMENE

BUR H Ll R B IEGR 390 0 T AE (4 RT-PCR &, i€ &4E TMGMV Al TOMMV), #%
TB R EARAIEL (W/V) 1:40 M 0.01 mol - L™ ) PBS BEFRELZE0 (pH 7.2), TERFERH N /D&
AR IATIES, 25 4 ZAmdE, BRI, SRR (B 55, 2014) & .

R EER R, kR CRRESLM . B A 95 FIEUM 0812 5
ITEURMERT I . TEQNET 1 ~ 2 B AREAT Heh, TSRS RS BEROW 257D oA SR, 5K
AN, S R T BE R AR A R YR AR s X REEE IR & O R PBS BRI 3h 2% pP iR I A DERD TR
. BURMERIES 3K, BIKRER 10 %l . BEMENHEKE RSP IEFEE, ARKRE 22~
28 °C, WIANEE 20 ~22 “C. P0G, WS AL 5 R IR 2EEIR o

RrEE iR RO Ja , BOREIE F RIAEIRZH 2, #4748 RNA $2HUf RT-PCR ¥73, LLL#E PBS
Tl TR 6 2 i v B P T A R AL SR [ PR X T

2 RS0

2.1 HIEHRIRER
T BESE AL H TAREIR 5 BRI o SR, an el E B IER O (- 1, A,
B), BEEMTEARICMIEGIE (B 1, O HAMEIRAYE, BERMIEERIEE (K1, E. F). R



Chai Ali, Chen Lida, Cao Jingiang, Kang Huajun, Shi Yanxia, Xie Xuewen, Li Baoju.
Identification of viruses causing eggplant purple mottle flower disease by siRNA high-throughput sequencing and RT-PCR detection.

512 Acta Horticulturae Sinica, 2019, 46 (3): 508 - 518.

SR T I AR, S T R R K, S0 . MR TAEM RS 0, Bieady5) (1, D),
B RS RER S EARE R TR SRR AR

B 1 #HFRRELTREFRER
A~C: BYRAENE: D: (@HEAEME: E. F: BWiintfr.
Fig.1 Symptoms of eggplant purple mottle flower diseases
A - C: Infected flowers; D: Healthy flowers; E, F: Infected leaves.

2.2 siRNA SEENFSH

FrAIFREARZ RNA I siRNA 7085, 4ifh. WS, s eEER T 8k, KI5
LR RN T, HL3R15 27 071 223 25 sRNA, KT 18 ~26 bp, EEEFTE 20 ~ 23 bp.

RS S5 B4 EER R B, 20 077 100 2% sSRNA (74.16%) A fE 75 E3EK4H .
¥ ARULEL sRNA 5 GenBank Virus RefSeq %R EHE FE LLXS, WP &M THEAR R F 2N
ToMMV #l TMGMV Fifh. Hr, JLEL A TMGMV [ sSRNA #1081 607 %%, A VLELHR 24 sSRNA
1) 52.14%; UCHC A ToMMV K] sRNA $0h 984 654 2%, (5 UCHCE 8 & sSRNA i) 47.46% (£ 2);
FEREF G UL B & sSRNA 2011 0.4%. WP A R, Al BEECET0 0 A B L 1) B
K FEH N TOMMV 1 TMGMV.,

SRNA PHEMERE: H Velvet HEATHf 3, 155 30 251 5% contigs. FIH 5 N I HEAT 702K
R, S5 EIR, R3] Host Genome Jfi 27 FHE FE 1) contigs 004 27 105 2%, {183 NCBI Nr.
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NCBI Nt. GenBank Virus RefSeq Nucleotide 1 Protein %5 4 ™5 75 £ £ 1) contigs 7374 103+ 99,
75 F1 99 2o LEE I 4 NRTEERI LS5, i FEA T EEAF/E ToMMV Al TMGMV W R 2,
HHAVERN ToMMV (1] contigs A 131 %%, 18N TMGMV 1] contigs A 111 k. %255 sRNA i
BEFIRWIP IR 25 R — 5.

2 sRNA 5 GenBank Virus RefSeq tE X4 R
Table 2 comparison of SRNA with GenBank Virus RefSeq

R N AR TR ECA 45 H /% AR S EE 7 /%
Virus Mapped Mapped/Total virus Mapped/Total sample
TMGMV 1081607 52.14 15.46
ToMMV 984654 47.46 14.08

2.3 RT-PCR&MFMRGELE 7R

XF ToOMMV #l TMGMV ] CP £ [K K AT 3, 2300751 v Byl 482 bp F1 500 bp.
H5 GenBank F#(1 14 MHRSFHIEATIEN, WERGRKER (B 2) . GRERE: KtaHE3H
1) ToMMV J¥%1] (MH636301) 53£[E ToMMV 73 E54) (KX898033.1) AHUEA 100%; 1l TMGMV
FH (MG807477) 5Z:MEi+r (DQ460731.1). KRJeli (EU770626.1). PEHEA (HG514449.1) A
D (EU934035.1) (1) TMGMV 7 WSRO RE0E, AR 98% ~ 100%.

Tobacco mild green mosaic virus DQ460731.1 Venezuela 2006
Tobacco mild green mosaic virus EU770626.1 Tunisia 2009
og| Iobacco mild green mosaic virus HG514449.1 Spain 2013

obacco mild green mosaic virus 1na
@ Tob Id g ' MG807477_China_2017
77 Tobacco mild green mosaic virus EU934035.1 Panama 2008

98| Tobacco mosaic virus 1.35073.1 Korean 1994
Tobacco mosaic virus 1.35074.1 Korean 1994
74 4{ Tomato mosaic virus JX025566.1 China 2012
90 Tomato mosaic virus KY977427.1_Shandong 2016
100| Tomato motile mosaic virus_KX898033.1_USA 2013
@ Tomato mottle mosaic virus MH636301 China 2018
Tomato mottle mosaic virus KP861748.1 Isracl 2013
9\ Tomato mottle mosaic virus MH006892.1 Brazil 2017
Tomato mottle mosaic virus KM000122.1 USA 2010

|: Potato virus Y AY742732.1 China 2004
50 Tomato chiorosis virus DQ234672.1 Puerto Rico 2005
—
0.05

E 2 TMGMYV 1 ToMMV H CP FFIRSH LR
Fig. 2 Phylogenetic relationships based on CP sequences of the TMGMYV and ToMMV

2.4 HEFREEEREZEN

PLK AN 23 4 T8 U% S5 FEAS B RNA J9REA, 2 1A F A4S S PE 519 ToMMV-F/
ToMMV-R F 524-F/524-R #47 RT-PCR 73Tl . &5 R ER, {514 ToMMV-F/TOMMV-R ¥ #,
23 I FEARH 20 143512 289 bp MIFEF M (B3, A), K% N 86.96%, BLAST LA EIR,
5§ Genbank H' TOMMV (F3x%5: KX898033.1) MM A 100%. 1 514 524-F/524-R ¥4, 23
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P REAIGFE 500 bp 40318 A R IEST (3, B), #HH &N 100%, BLAST ELXf 7R, 5 Genbank
i TMGMV CE 5. 1X534224.2) HIREIVEME N 99%. X BE {8 50 7 A A fE 514 ToMMV-F/
ToMMV-R Fll 524-F/524-R Y%A 3 14 H 44 .

A M N 12 3 4 5 67 8 9 10 1112 13 14 1516 17 18 19 20 21 22 23
2000 bp—]|

1 000 bp—|
750 bp—
500 bp—

250 bp— — 289 bp
100 bp— ToMMV

2000 bp—

1000 bp—|
750 bp—

500 bp— — 500 bp
TMGMV
250 bp—]|

100 bp—]|

B3 FREMEIHFHELS ToMMV (A) #1 TMGMV (B) CP #E# RT-PCR i #45R
M: Marker; N: fERESIREEA; 1~3: JAbAiFREA; 4~13: (RN TFREA;
14~ 18: M FRA: 19~23: ILTHFREA,
Fig. 3 RT-PCR amplification of CP gene of ToMMV (A) and TMGMYV (B) in eggplant samples from different regions
M: Marker; N: Healthy eggplant samples; 1 -3: Eggplant samples from Hebei; 4 - 13: Eggplant samples

from Shandong; 14 - 18: Eggplant samples from Henan;
19 - 23: Eggplant samples from Liaoning.

FHEWLEE . WAL T TREATR ToMMV # R R E, YA 100%; TR dbE rRes
W TOMMV. RHEILARE . WEA . L TAMRALE 23 BREASRENE 7 TMGMV. 164k, £
KA TEE ML T 20 4w R I 2] TMGMV Fl ToOMMV E-&1250l%, SoE5R%E
RFEA) 86.96% (£ 3).

#3 FHFHBEEFELRS TMGMV 1 ToMMYV 9 RT-PCR #0455
Table 3 RT-PCR detection result of TMGMYV and ToMMY in eggplant purple mottle flower disease samples

v ToMMV TMGMV ToMMV + TMGMV
KA A Kt T8 ot A
Site Sample - K %/% i K %/% - K %%
b Positive .o Positive .o Positive i
number Positive rate Positive rate Positive rate
number number number
111 7% Shandong 10 10 100 10 100 10 100
Vi Henan 5 5 100 5 100 5 100
L7 Liaoning 5 5 100 5 100 5 100
]t Hebei 3 0 0 3 100 0 0
Bt Total 23 20 86.96 23 100 20 86.96

2.5 HRMENELSR

AR LR A GG P SR AE TR 3 A TR AR OB, R B0 1 A AR
£, 3FAEMEIRBURFAEIR (B 4D, SRl R 9EE i, REa ANLRIGE, 5Tk 2
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DUE PR BN TEAEIR s BBUA A B Y AR R DR 5, BEEREIRI AR, BRI 2R B HIHY
ST EAEIR, NPT AN B ORI i ARG B AT, R AT 5] . KRR
PRAEKIEH, ot 2 i 2R IR L

JitiF Eggplant #fitl Hot pepper 3 Tomato

A

Inoculation

Papi
Control

4 MF. B EFEMHEHER
Fig. 4 Symptoms of eggplant, pepper and tomato inoculated with TMGMYV and ToMMV

2.6 FEFHEAR RT-PCR #5045

RAEFFN G ARG T BRI A AL, DIFEAS RNA AR, 2RI R 514
ToMMV-F/TOMMV-R F 524-F/524-R #4T RT-PCR #&ill. £5 R EoR: #REMMNT (B 5, AL 3
(5, B) FIZEAHZ (K5, C) By 184533 289 bp F1 500 bp M 245 7 47, UEIATERRN S
BT BABCRD R e A thAS I 2% 7 TMGMV Fl ToOMMV . #0575 PBS 227V 1 % B AR R 24 2k
AARY G HATAT 567

M N1 N2 1 2 M NI N2 1 2 M NI N2 1 2
2 000 bp 2000 bp 2 000 bp
1000 bp 1000 bp 1 000 bp
750 bp 750 bp 750 bp
500 bp 500 bp 500 bp
250 bp 250 bp 250 bp
100 bp 100 bp 100 bp

B 5 #EMEMRT (A H# (B), Ff (C) #&$ TMGMV F1 ToMMV #HH) RT-PCR &
M: Marker; N1: FJGRE PBS S RIIAT EE A TOMMYV 418 N2: Hefh o PBS 20BN HEE A TMGMV 473,
1: HEFREAEA ToMMYV §3: 2. AR EEA TMGMYV §7H.
Fig. 5 RT-PCR detection of TMGMYV 1 ToMMY in inoculated eggplant (A), pepper (B) and tomato (C) samples
M: Marker: N1: RT-PCR of TOMMYV in control samples; N2: RT-PCR of TMGMYV in control samples;
1: RT-PCR of TOMMYV in inoculated samples; 2: RT-PCR of TMGMYV in inoculated samples.
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3 Wi

IR F PSR B TP B A E ™, (AR, IR 3L 7 RIYAT b2 Hh ) 1 b Xt 4k
RIVZRIR IS EE . AR H 2015 Fok— BRI R ARG, AT %50 51 AZ R 17 55 F
%, MMM T LCRER PVY. ToMV. EMDV. ToCV Al TSWV 284k S5 4, 3 Yeim i
FEAFEAT RT-PCR AT, 25 55 7~ X B85 25 14 7 14 5| 035 a9 3

N T BRG] AT B AR R B RS, A ST R siRNA s s W7 HR, X et 1
FEAREAT siRNA Sl &7, KU FHATAAE TMGMV 1 ToMMV A e . gt — Pl
RT-PCR A, FIH PR E: T 1E 514 TOMMV-F/TOMMV-R Fl 524-4F/524-4R X FEA tp
TMGMV I ToMMV [ CP &K IER B TH 1, 251753 500 bp ) TMGMV-CP Fl 482 bp [
ToMMV-CP 4§ 5312671, KRG T 885 GenBank 1 TMGMYV Fl ToMMV J 81 FHABUME: 43 731l ik
31| 98% ~ 100%F1 100%, Ut BA FF A% A A SE A7 £ TMGMYV 1 ToMMV .

TMGMV A ToMMVY & T IHEIE R 28 (Tobamovirus) R, EEMGEEMEMEY. Bz
YA 18 B R TEBORCRIE a0 b, R IR Gt T IR AR OCHRIE . 19354F, TMGMV B IXKTEMH .
KIL (McKinney, 1935) , BoJSERRE L 23 A o4 A0 2 B S5 [ R P B AH 4k #)3E  (Choi et al.,
2002; Cordoba et al., 2006; Herrera-Vasquez et al., 2009) ; Zhi. KAlAE. IR 2 FEE 2t 2
TMGMV ] H /A% 3= (Alishiri etal., 2011) o fEHE, TMGMVIZ GB35l 200578 575 2013
SEFEE TR (Li & Chang, 2005; BRT %%, 2013) 5 20174F, 7RI AP TMGMVEZE K (Tang
etal., 2017) o ToMMV-TF201347E & PEEF A A L RO (Li et al., 2013) , Z a0 HlfERE
1855 HLiA . AR LS ZE i AH 4k 3R 8 (Fillmer et al., 2015; Padmanabhan et al., 2015; Turina et al.,
20160 o fETRE, HAT AL = B EY K ToMMV (Lietal., 2014; ZH 7 4%
2015) . TMGMVAIToMMV{Z 4t J& T B IR IE .

FOR MR, A FAERDUER 5 HE 3 SRR PR — 3, i R IUCRER 5 H R A 2
o PR RIS GREE M, SR AR S, 1T H A R R IO R AR SR B, T RE
PRARR T WS AR R 58, BRI RSRAI R 1 ~ 2 B EH-ARIZh e, i A B 2R R 5 AR N bk 1
FEMR. HeAh, BUm PRI R R A= B )R A TR EE, A2 20 S AL 8 0 54, |
)5 03 A T R 7 8 AU 28, B0 Ah 7 BB 2 15 FH TMGMV il ToMMV B & 12 4451 i,

B — B R IR E

TR 5 55 R 0 15 B A PR R, EBRA TSR S AR S R i P S AR R E R (2
&, 2012; BRTF %5, 2013). 2011 4, 7E5k E & FBAF 7 _F Az 2] TMGMYV Ji%# (Jeong & Soh,
2011), HE W MGEE BB 7 BRGNS TMGMYV 655 (BRT 2%, 2013). NRFEIHL A6 7A0
TG ABRZE I 224, I BB A A iR A, HEAERh 7 5 F B g 47
BEIEIN, AR T B 1 B VS T B
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