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Abstract
Demand for tomatoes has been increasing every year as people desire more healthy food. In
a OPEN ACCESS Korea, tomatoes are mainly grown in the Chungnam, Chunnam and Kyungnam provinces.

Recently, reports of whitefly-transmitted viral diseases have increased due to newly emerging
Citation: Choi GW, Kim B, JuH, Cho S, Seo E, . . . . . |
Kim J, Park ], Hammond I, Lim 1. 2018, Dual  Whitefly pressures caused by climate change in Korea. Specifically, in 2017, the main
infections of Tomato mosaic virus (ToMV) and tomato growing areas, Buyeo and Nonsan in Chungnam, showed damage typical of viral

Tomato yellow leaf curl virus (TYLCV), or . . ' . . . .
Tomato mosaic virus (ToMV) and Tomato infection; therefore, we investigated viral diseases in these areas. We collected samples

chlorosis virus (ToCV), detected in tomato with virus-like symptoms and found that not only whitefly transmitted Tomato yellow leaf
fields located in Chungcheongnam-do in 2017. . . .

Korean Journal of Agricultural Science curl virus (TYLCV) and Tomato chlorosis virus (ToCV) were detected but also Tomato
45:38-42. mosaic virus (ToMV, for which no specific vector is known) and Tomato spotted wilt virus
DO hitps://doi.org/10.7744/kjoas. 20180008 (TSWV, transmitted by thrips). The ToM V-infected samples were mostly co-infected with
Editor Hac Keun Yun ¥ Universi either TYLCV or ToCV. Mixed infections of different combinations of TYLCV, ToCV and
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Korea ¢ Y ToMV were detected with the mixed infection of two whitefly-transmitted viruses (TYLCV

and ToCV) causing the most severe symptoms. According to the CP sequence of each virus,
the 100% identities were shown to be Mexico/ABG73017.1 (TYLCV), Greece/CDG34553.1
Revised: January 23, 2018 (ToCV), China/AKN79752 (TSWV), and Australia/NP078449.1 (ToMV). Based on the
Accepted: February 14, 2018 sequence data, we presumed that these tomato infecting viruses were transmitted through
insects and seeds introduced from neighboring countries.

Received: November 17, 2017

Copyright: © 2018 Korean Journal of

Agricultural Science. Keywords: Tomato mosaic virus, Tomato yellow leaf curl virus, Tomato chlorosis virus,

This is an Open Access — Tomato spotted wilt virus, dual infection

article distributed under the
s terms of the Creative Com-

mons Attribution Non-Commercial License (http:

//creativecommons.org/licenses/by-nc/4.0/)

which permits unrestricted non-commercial use,

distribution, and reproduction in any medium,

provided the original work is properly cited.

Korean Journal of Agricultural Science 45(1) March 2018 38




Dual infections of Tormato mosaic virus (ToMV) and Tomato yellow leaf curl virus (TYLCV), or Tomato mosaic virus (ToMV) and -+

Introduction

| = ERFE«= 19697 = Ujof| A Al Ajul7E Al2tE] o] @A7EA] Al 2] o]
2475] 5o] ufjd 209t & o] Aot Qi ERtE= A= 0= e =1l §lom 11 F 71 ol AAtE= 2
S FAG T HojolthNam and Kim, 2009).

AAAA 2 & 4 2HE 5 7P W2 A A AE ZAHx[skL Sl 2HE 9] ERFE O] 79 dAdo] HH vt
oY A FHE TRy, N EA S 2 Tomato mosaic virus (ToMV), Tomato spotted wilt virus (TSWV), Cucumber
mosaic virus (CMV), Potato virus Y (PVY) 5°] E1! F|oJlt}. = 2] F-¢ ToMV, TSWV, CMV, PVY 2]
Tomato bushy stunt virus (TBSV), Tomato yellow leaf curl virus (TYLCV) A o] B 11 = 2ITHChoi et al., 2009). Tk
gt Ho| A O] EA-2 2| 235l o3 g A £F-0] BT} 7 50l Qo R 25 sl 2t
222 5t Al =& 5 7FA1# Yamamura and Kiritani (1998) HFo|2] A 9] w77} S71E+= A 02 o351l Q)
TH(Petzoldt and Seaman, 2006). F R0l 24 7H0] 5 277 2k S5 252 Hio|H A& wi7list= &
HFolth o5 AE2 2ot DA o] qlom, 2h Tt Asetel whet Wit et A0 & H ko] gl
tH(Zhou et al., 1997).

910] A28 o) o 5 o] 1TSS} @A EohEel MAISHS vol2l 4 o] eJg Wt AZkeA 1

) ol ool Sl o]l 5 miofel 2t o) 7b o] AL 4t Holel ol Blol ]
2ol 1 ES Ao kel ek, Tk 1Sk ME R wlo] 2l 2] ol o] 7] 4 S 2AR)
of H|w skt

Materials and Methods
Hfo|2{2 ZEk
SAHE Tl =ATA oA ERtE Hiol2| Aof o] o H= EntE & At EHLE 9] Hio|
2 WA o= &8l (yellowing), ©AF0] I (mosaic), Y= (dwarf), BF(spot) 50] .21, o] et Hio]# A BAo] Lt
EftE= EotE 918 AEsto] 2f o thFig. 1). 2 E A =2] total RNA+ Trizol Reagent (Life Technologies,
Carlsbad, CA, USA)E ©]-8-5}9] 700 uL Trizol ¥} 250 pL2] chloroforme AF8-51o] &35}, -70°Cof] H st

Fig. 1. Typical symptoms of tomatoes infected by TYLCV, ToCV, ToMV and TSWV (BK1, BS, BK2, NS, N); TYLCV, Tomato
yellow leaf curl virus; ToCV, Tomato chlorosis virus; ToMV, Tomato mosaic virus; TSWV, Tomato spotted wilt virus; BK1,
Tomato yellow leaf curl virus and Tomato mosaic virus double infection; BS, 7omato chlorosis virus and Tomato mosaic
virus double infection; BK2, Tomato chlorosis virus and 7Tomato mosaic virus double infection; NS, Tomato spotted wilt
virus; N, Tomato yellow leaf curl virus and Tomato chlorosis.
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&% RNAE template2 ZHZ} 2000 ng/pLo] H=2 HHFH 02 cDNAS FHI5ATHReverTra Ace- a-®,
TOYOBO Inc). 12|11 1]=; =5 A&7 HAIE| (NCBI: National Center for Biotechnology Information)2] 5742} &
7188 25} 7 Hpol el o] ol Tl Q7] BS HhELe 2 Hho]e] 4 Tkg PCR primer AI2H5}5Act
(Table 1). Reverse transcription PCR (RT-PCR)-= GENET BIO Inc2] Prime Taq DNA polymerase A-8-5}¢] %135}
ST} 10 X buffer 2 pL, NTP 1 pL, Forward Primer 1 uL (10 pmol), Reverse Primer 1 pL (10 pmol), Prime Taq
polymerase 0.1 puL, cDNA 2 pL, D,W. 12.9 pL& 4131 94C 58 ¥hg 5, 94T 30%, 58°C 30%, 72T 1222
30cycle, 133 F7F2 72°C 52 HMEZ7A 0 & A5}t RT-PCR Z7}= 1.2% Agarose Gell| PCR product=
7d71%9F st gHlstant.

Table 1. Nucleic acid sequence of oligonucleotide primers used in this study.

Virus Sequence Expected size (bp)

TYLCV Forward: ATG TCG AAG CGA CCA GGC G 770
Reverse: TTA ATT TGA TAT TGA ATC ATA GAA ATA G

ToCV Forward: ATG GAG AAC AGT GCTGTT G 770
Reverse: TTA GCA ACC AGT TAT TGA TG

TSWV Forward: GGG ACT TTG GAG AAT CTC TT 500
Reverse: TAA AAC TAC TAG AAC TAG TGG TAA

ToMV Forward: ATG TCT TAC TCA ATC ACT TCT 480

Reverse: TTA AGA TGC AGG TGC AGA GG

TYLCV, Tomato yellow leaf curl virus; ToCV, Tomato chlorosis virus; TSWV, Tomato spotted wilt virus; TOMV, Tomato mosaic virus.

Coat Protein (CP) Cloning

A A vt o g2 Zhvioj2] ojn] chi A o] 7| da 2A517] flste] MET Sa= 2 o2~ 9|y
G primers ©]-8-59 PCRE 4335} tH(Blend Tag®, TOYOBO Inc, Japan). 52 PCR products A g
5 (The Wizard® SV Gel and PCR Clean-Up System, Promega Inc, Korea), Topo vector (All in one PCR Cloning Kit,
BIOFACT Inc, Korea)®]| cloningstS T}, Cloning®H?1-2 Vector®] MCS (multiple cloning site)°ll 21+= Enzyme site
ZH15to] AUE restriction enzyme-= AH8-51¢] digestion® product®] sizeE 47| G544 &<l ¥, Sequence
9 (Macrogen Inc, Korea)2 A A]5}o] 21345154 tt. 1 &, Sequence 4] Z1HE HIR O 2 ZFHio| A 0] 2o 3

=
=
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Results and Discussion

Fig. 17} o] o] FHmls A5-< 99lom B3], 9, 915, mAo] 2 5 thaat WAo] FAle] el
A9} oIt ToMvel 4@ Entzodi Baola, 4%, H54, 268 Fo] WAo] Uehta TYLCVe]
FhE EnpEoA U, ok 29d 5 A7 B 4ol Uehdth Tocvel ofgh A0 2 ot S4k ¢

| 7L o] 240 2 AIske FAko] Lehute, glo] A 49123 b nE2 i Fgo] Uehdek, TSWVel
ond hns

N

A Aed 27000 288 S0l el 4 739 A=o] 7 Bt A2 Zeto]H(Table 1)E ©1-8-514
vho] 2 ek Ayh-FA] ol HE o] =3kt vhol2| A Ze A3}, BK1oA TYLCVEF ToMV o] 59t ol vt

B}, BS9F BK2O A= ToCVEl ToMVE] &9t ZHo] YetEtth NSellA= TSWVZF e =331, NojlA =
TYLCVS} ToCV 2] £t 7S 8¢l 8 4= 91 2 th(Table 2). & AT A ZAFGHTYLCV, ToCV, TSWV, ToMV 2}
710 RO = QA =, =] o] B2 F 7he] 1A ATRAIE XA 916t rl=t A& HATE| (NCBI)
of 355 Hiol| A ou] Tl o] ofu|lcAt A G- v O = ZF2Le] Ale4 BAS Al At dakE
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S5 TYLCV otv] it A S B45H 23 BK1-12] A E-2 HA| Fof| 4 EAH TYLCV (ABG73017.1) & ofv] e
At 0] 100% D A] 5190 H N-4= 7] 5 115 illﬂ H2]3 ADT65383.12} 100% 5L 5 TH Table 3). ToCVE] o}
0|1 AS BASE Auto| A= | AoflA BHitd 22|30t 99% 2] 519 0 TSWVE =225 AKN79752.1
7} 100% 5 U 5F THTable 3) £ ToMVE i? H2] 391 NP_078449.17} 100% ¥ 2] 5+1TH Table 3).

Table 2. Locations of collection of tomato tissue samples, and associated RT-PCR results.

Viruses detected

Sample no. Localization Date No of samples
TYLCV ToCV TSWV ToMV

BK1 Gyuam-myeon, Buyeo-gun 2017-06-27 [ - - o 3

BK2 Gyuam-myeon, Buyeo-gun 2017-06-27 - [ J - o 2

BS Sedo-myeon, Buyeo-gun 2017-06-27 - [ J - o 2

NS Seongdong-myeon, Nonsan-si 2017-06-27 - - [ J - 2

N Nonsan-si 2017-07-17 o o - - 2

TYLCV, Tomato yellow leaf curl virus; ToCV, Tomato chlorosis virus; TSWV, Tomato spotted wilt virus; TOMV, Tomato mosaic virus.

Table 3. Phylogenetic analysis results by viruses based on amino acid sequence of coat proteins.

Virus Isolate Most close Least close
(accession no.) Country/Accession no./Identity (%) Country/Accession no./Identity (%)
TYLCV BK1-1 Mexico/ABG73017.1/ South Korea (Jeju)/ADB97302.1/
(MG787542) 100% (258/258) 99% (256/256)
N-4 South Korea (Gwangju)/ADT65383.1/ South Korea (Sungnam)/AFV36744.1/
(MG787543) 100% (258/258) 98% (254/258)
ToCV BS-4 Greece/CDG34553.1/ Taiwan/ASE04579.1/
(MGO001346) 99% (255/257) 89% (230/257)
BK2-2 Greece/CDG34553.1/ Taiwan/ASE04579.1/
(MGO001345) 99% (255/257) 88% (227/257)
N-2 Greece/CDG34553.1/ Taiwan/ASE04579.1/
(MG001347) 99% (256/257) 89% (228/257)
TSWV NS China/AKN79752.1/ Zimbabwe/APP91803.1/
(MG001348) 100% (258/258) 99% (256/258)
ToMV BK1-1 Australia/NP_078449.1/ China/AFN42536.1/
(MG345100) 100% (159/159) 99% (157/159)

TYLCV, Tomato yellow leaf curl virus; ToCV, Tomato chlorosis virus; TSWV, Tomato spotted wilt virus; TOMV, Tomato mosaic virus.

oje} Zo] S| ErtE w7l WSk FAME Hiel2 2] TYLCV, ToCV, TSWV, ToMVE AlAA o2
19004 *of 2% K 1%]%] © #(Cohen and Antignus, 1994; Duffus et al., 1996; Best, 1968; Brunt, 1986), = o]|
20009 Zof| B 15]7] A|2Fs A TH(Lee et al., 2010; Kil et al., 2015; Kim et al., 2004;). wWh2bA] =27} 74e] A2 W &

rr

59 Eolutal Q1= 2000 2 HE| Hio|y AR o] Zfjo] 45 FUE L IS 5T 4 Uk T3 7|5 |
7 ST = A7) 9 AR Eo] ERtE F2F 0] Hio|H A B F7h= o] 2’ T 7HA] o] {2 uid JUtskAL Q=
Ao 7 Atz H
Conclusion

o,

EulE Al & o] Hlo]|H A U ZALS Eslo] B o 1ElL
A = FE]lstint. galzhololl o9t TYLCVE} ToCV
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2 FA gk 12 7 5 7hRolo] o5t 22 FHOR ST 4 Sl ToMVE FA
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