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Major tomato viruses in Korea are Tomato chlorosis virus (ToCV), Tomato spotted wilt virus (TSWV),
Cucumber mosaic virus (CMV), Pepper mottle virus (PepMoV), and Tomato mosaic virus (ToMV). RT-PCR
conditions for the viruses were examined, especially in primer set and RT-PCR mixture. Total 46 primer
sets from the unique sequence of the viruses were tested for nonspecific background products in a
RT-PCR mixture without template. Among them 16 primer sets were applied to healthy tomato RNA,
resulting the compatibility between RT-PCR mixture and primer set influenced RT-PCR to reduce
nonspecific background products. Based on the combinations among cDNA synthesis parameters and
RT-PCR mixtures, two reaction mixtures were finally selected for ToCV detection. The condition allowed
to determine more specific primer sets; C029 (ToCV), C072 (TSWV), C070 (CMV), C048 (PepMoV), and
C065 (ToMV). These primer sets are expected to be of use to specific detection of the major viruses in
tomato plants.

Keywords: Detection, Primer, RT-PCR, Tomato, Virus

= ber mosaic virus (CMV), Pepper mottle virus (PepMoV), Tomato
mosaic virus (ToMV), Tomato yellow leaf curl virus (TYLCV)©] ™,
TYLCVE A 97 Y™ A= &5 RNA Hfo] 2| 20| Th(Ji 5,
2008; Kataya 5, 2008; Kim 5, 2011). ToCV= 2013 of] =4k,
o4, 3, Bhée, AFAA AS TARAT, ZLH 4B
AL 92As A ES HHE Holul, 75 ol 4] T
ol A <A o] &<l = ATHKil -5, 2015). TSWV<= 2004'd QFef

ZQ vlo| Y A= Tomato

@This is an open access article distributed under the terms of the Creative Commons 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.
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HFE Aol 4 LS T, B A Bl FA % b
AFEES d o 71tHCho 5, 2005). CMVE U X 4 7ol
A 7H go] WAStE Hio| Y AR EvfE A= Yo &2
Z}o] 3.} TLALE] Y (fern leaf) T F B A S Y O 7IthHKim 5,
2011). ©]gtof] PepMoVe} ToMV= EOtE Z3Fof ul2} 33+
2atol, A AL EENHY 55 dov|= Ao o
A 2L thKim 5, 2008).

A gufolg 2 AL vhol g4 73S H43ketr] 9
gk 27| -3 o] = (Aboul-Ata 5, 2011), &4 S A Y
(enzyme-linked immunosorbent assay, ELISA) ol 4| F-E| Z}A|
o] & 7] A & £ 4] (next generation sequencing, NGS) ¥ 7} A]
o} ¥ gt v o] o] 8-E thBoonham 5, 2014; Jeong 5, 2014).
E3], dAAZTE-S(RT-PCRIH L & A 5HA Rtk o] H]
3 A&zt Eolr 7} =tHHu &, 1995; Mumford 5,
1994: Park3} Kim, 2004; Webster 5, 2004). T3 A & & 2} 7}
ZrASEAL ko] B a3t Zetolm HA Bl A Zto] §o]st
of Al ZHbol g & Zthof d e o] -§-Hth(Webster 5, 2004).
Ut o 2 AlEutol g A X eh-§ Zefo|m = tf 4} vho] 2
2 AA B 29 FARE A Y FAAAES st
A A gt RT-PCR Aol A 7159 A A S L3514
Wi AAE Zefo|HE AT B¢, ZetolH G4 E
Aol e 7IFFd v 5ol A=Y S & E]
3|95t A2 wfj ¢ o] 2% Yolt} wabA RT-PCRY] Xtk
BeS =017 A= F4 viol g Lo ol Al gt
ojm A, =3 FHH I AHE-TF, (DNA 2= ATt
RT-PCR HF-5-91 0] 7, Zeto|H W PCRSEH 27 55 3L
2 3f| oF $tt}(Chen 5, 2011; Hassani-Mehraban -, 2016; Ku-
mar -, 2011; Lee 5, 2011; Okuda®} Hanada, 2001; Webster 5,
2004). 015 7h2.8) metol vl ko] Hol4o] 713 Be
%S F+ 2 91| tH(Hassani-Mehraban 5, 2016; Kumar 5,
2011; Mumford 5, 1994; Webster -, 2004). 2= | += NGS

71 WEE B4 100] @ Ao B3} A Evo]H AR o}
Yk ohFet 2HE o F3A4 AR F4 oH7}31"«}(Thotta’chil
5,2016). 2012 ol = =} 3HA7F ZoE A E Y A
%%ﬂEWEAHﬂ%ﬁﬂH“ﬂﬂﬂdHﬁﬂwq
(The Tomato Genome Consortium, 2012). o| = 7| F 9] A=A}
FAA AEE 123 EntEC] YA Tt= Holg 2o &
o] el Zeto|w HA7} 7 ¥ om| gt whebA 2 o
To A= EvtE A3 A A E, expressed sequence tag
(EST), Al EHtol 2|2 |71 A 4 IH AEA 4= F8 ol
A& Eo]F 9] Zato| T H F-S TSI, one step RT-
PCRmix2} cDNA T4 271& S| dto] EntE Fauto] A

Ago] G 43 Bo Lefo| o A =S A1 4t

-

Mz A

Alg % dHio|2{A, upolz|A FA W HARNAAFHE
Aol T ol Al e = BEOE F F5(A30 =)= AHE
StATH Hlo| P AE HEXTH ZHEH 3T} A EHfo| H A
Ao A 82 3}3L Q)= ToCV-tom, PepMoV-tom, ToMV-n1&
AHE-31 R A1, TSWV-old 2} CMV-P1-2 ‘&-$-1lo] 2 (Nongwoo

Bio, Suwon, Korea) ©] A3} BFAL 2 Hog] BoF ukglrh,

ojr

HEOIA B4 Y 8 ZH|.

INETESY 2 RNA A2 E 919 2
7o) vold 27t 4 E EolE Bl g Qe U0
2 AFGBHO] TIWVE 7% Eohzo], Lo 2] vho] el 2 A
# mvbEo] A5t AEe BT U AL 7
A1 g)2 FFH(0.1 M Tris-HCl, pH 8.0, 1% sodium sulfite)
3miE 93 mpaft b, gt 20k A 45 0=
o gtate] FH|stAch AE M A= A F 9 carborundum
(600 mesh)& &35l o7}l S B3] B og Ho E B

120 AAE de 3 248 YR, 22 2R

O AT o A A SAAA Ao
E 525974 3L ALY dolA) 9 47 A3
T, YAt UE GFE 2UR T S 200
BRSAA B2 A Aol ASSHArh 4 B4 A RNA

= AlE AFEA Y A of whk BCS Plant RNA Prep Kit (BioCube
System, Gwacheon, Korea) 2 A A3} % 1, A A| gt RNA=
-20°Ce] EstHA 22 $ 7Y ool AH&-5HITH RNA
&=+ Nanodrop ND2000 (Thermo Scientific, Waltham, MA,
USA)E ©]-&3}4 100-600 ng/ul =7t H =2 23t 5=
2 283kl ALg 3t

A¥E malo|l 2M U FZE  National Center for
Biotechnology Information (NCBI)ol| 5% Hlo| 2 A F 7] A
S B4 U A7 @714 Bo] EaE o E Biolg A
£ Aska(Table 1), A&7 HEA 3|AF] A T 2 (Seeders,
Daejeon, Korea)©ll 241 2] 2|5} ¢ith &4 & 1Hds] &
ofstH, Hiol 2| & R A i} EntE Xd PR AA A E
EulE EST, 20144¢ 11€7HX] NCBIY]| 559 2 & %Jgﬂ}

oA FHA ¥ 7] A € (plant virus genome sequence data,
PVS data) 7F2] AAEA BAS £ 571A] vlo]| H A Eo] A
g2 122 Adslgch Zeho| &= A A g3} Primer3 X
2 1% (Koressaar®} Remm, 2007) 2.2 oA} ZZ AR 9] 3
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Table 1. Description of reference viruses for primer design

Virus NCBI accession no. Genome Genome size (bp) Isolate Country
ToCV NC_007340.1 RNA 1 8,595 Florida USA
NC_007341.1 RNA 2 8,247 Florida USA
TSWV NC_002052.1 RNA L 8,897 CNPH1 USA
NC_002050.1 RNAM 4,821 Almeria Spain
NC_002051.1 RNAS 2,916 CPNH9 USA
PepMoV NC_001517.1 RNA 9,640 California USA
cmv NC_002034.1 RNA 1 3,357 Fny USA
NC_002035.1 RNA 2 3,050 Fny USA
NC_001440.1 RNA 3 2,216 Fny USA

ToMV NC_002692.1 RNA 6,383 Queensland Australia

ToCV, Tomato chlorosis virus; TSWV, Tomato spotted wilt virus; PepMoV, Pepper mottle virus; CMV, Cucumber mosaic virus; ToMV, Tomato mo-

saicvirus.

7] 7} 500-1,500 bp, TmZF-& 60°C, o] x] 2742 2 72 9
7| 23k Aot A A S th, ub 3 2 A AH(Macrogen,
Seoul, Korea)©]| 2] 2|5} 344315 T}

RT-PCR HtSunt ZSZ4kE 2tQl, RT-PCREHSH 2
Tag DNA polymerase 2] & =(1 U/10 ul == 2 U/10 pl) et &
A o)A WA S 2] 3to] cDNA 4 1 DNA ZZo] 5 Ht
S A AU EE one-step W4 & 2 A 235} T} Tag
DNA polymerase 4 & A| 1F4]-2 RT-PCR mix12} 2+= chem-
ical inhibition ¥2], RT-PCR mix33} 4= antibody inhibition B
Al o], gh-g-oH of] E3E Tag DNA polymerase 2] 5=+ RT-
PCR mix13} 32 1 U/10 pl, RT-PCR mix22} 4= 2 U/10 pl7}F &
%2 A 2rsre.

cDNA g4 2 DNA 32 PCR”](Life Eco; Bioer Technol-
ogy, Hangzhou, China)ol| A =85t i th S ZAHE 71-2-9] 10
ulE EtBr &2 GelGreen (BioCube System)©] 3 715 1% aga-
rose gelol A 100V 5 A 274 © & 30-6087F A 7| 9535},
Hk-$- A 3}= gel-documentation system GDS200D (iNtRON,
Seongnam, Korea) 2 2213} % T}

RT-PCR mix2} Zal0o|H =&¥ Eo|= Hm, A
WA Ao A= A= RNA IF-8 02 AJTE I Q1= RT-
PCRmix33} F-A] Zto|m 2¢t 7Hwh-3- A& AT
RT-PCR BH-5- 9 2 F3 & H7lshA] &L, 2xR
pl, Bt 8 ul, 10 pmol/pl 5 &= 2] YT Qe Zato]
HE 24201 pl A7bete] A28 AT Whe2 42°C/20+,
95°C/104, 353](95°C/ 14, 56.0°C, 59.6°C, 63.7°C ] 2] F-of| A]

2AE QLR B0l
3% E ol E 9] RNA (100 ng/pl)
RT-PCR mix £ 39 Tm3t T4 2 A (51.0°C, 52.2°C, 53.9°C,
56.0°C, 58.5°C, 60.7°C, 62.4°C), B 7 ul F7HE Al <g
HAAY 212 A HA AP 5 L5A st v 5o
AEsH 5o FE2AEY F /4, ME X317, dimerd]
871 ¢k go] & sl St 2 wEsith A
g ato]m =7 A Y ToCVe TSWY A= 231 2
e A 1A A B 2E}S 3L, PepMoV, ToMV, CMV Z 2}
oM 232 o T2 27 SR B WSt Zajo]of
82 A 7}2] TmZE(56.0°C, 59.6°C, 63.7°C) ol A LAY v E
o] ZZAHE 9] & 7]5=(A), 1 kb DNA ladder2] 500 bp ¥ = 2]
A7 E12 P2 o FZ2AE] A& 2357 (B), 1kb
DNA ladder®] 100-200 bp Ato]9] 7+ Yol & 302 JYS
o dimer2] At & Q1 218712 Holo: G, 1: SFAY 3 F,
5: WA oF X9 (OF AxB+C B2 &2 X354t
83 o] E S HlolH AR Fo] HH o= FHalst
I Q2 e AL ok I gho] A& 4E Bolwvt 2
Aoz w=sgith

RT-PCR mix 3F2t FESE, cDNA 82z A
AlZhE B3 Hlw, 2 A3 o) Al= 47FA] RT-PCR mix

2 ToCv RIh-E Zepolm] 23 7kt F82 9A G2 4
Hol M 718 Sol =7t ot C029 ZatolH 23 AL

A
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SHATH So] 42 o] AA E H| 50| FFEAES AXB+C B
Ao 2 £A5hg ok WS AT % 55, DNA A2
T A7 St i E ok vl v =
w2t ZH2F =3y 5 AT

Z 7 1: RT-PCR ¥H-g-94-2 2% RT-PCR mix 10 pl, <= 7 i,
10 pmol/ul &%= 2] gkt Juef Zefo|ME 22 1,
=5 22| $HRNA (100, 200, 400, 800 ng/pl) 1 plE 3 71514
A| Z 3} A TF. cDNA T2 42°C/208, PCR HH-8-2 95°C/10%,
353](95°C/14, 58°C/ 148, 72°C/1 &) 2 =3} A Tt

Z7Z 2:RT-PCRUFSHL 24 19 3§ %% 100 ng/
uZ 25k A 23HE 3L, cDNAE 42°C, 45°C, 48°C, 51°C,
56°C 25 A g Lo A 2027 35k o w, PCREHG-2 =
13} 5 dskA 3Pkt

27 3: DNAE= 48°Cof| A Z+Z} 5,10, 15, 207t &4 3H4
A, YUH A= 27 20 5 LS A F sk

M Zaio|lH HASZHE ¥

ol Z+d RNALE ENlE S} Z2(TSWVE] A $) EntE 9l
A B3R =], YH 3} o] = diethylpyrocarbonate (DEPC)-
water2 1084 A< 343 LHS F=F o2 AL L3519
t}. RT-PCR BF-8-91-& 2x RT-PCR mix3 10 pl, @35> 7 ul, 10
pmol/ul &%= 2] ekt JuteF Zafo]mE ZH2E 1 ul, RNA
(2F 200 ng/pl) 1 WIS H713to] Al 2319 2.1, DNA TS
48°C/5%, PCR ¥H-$-2 95°C/104, 353](95°C/1&, 58°C/14,
72°C/142), 72°C/N & 13 2 =35} 3l .

Eo|x H|m, ZAA RNA

2 o

u-E}OlI:I-I ZghH Eo|x H|m. A]= Z2]RT-PCR mix3
of & YA ¥, Al 7FA TmZk(56.0°C, 59.6°C, 63.7°C)

of| A 467l Z2tolw Z3h(Table 2)9] 5F FA= =AM
t}. C041 (ToCV), C044 (ToCV), CO73 (TSWV) Zgto| | 2o
A= Tmgk H3to] Aglo] Bl 5ol A=) S3HE] A] ¢Sk
c}, Bk of] ToCV 2] €029, C032, C040, PepMoV 2] €048, C054,
C055, ToMV 2] C065, C066, CMV 2] C068, C069, C070, CO71,
TSWVE] C072 23 A= H| & 0] AHE0] oFstA FE 5 9]
I, U 2] Zefo|w 2= At I FFSE A
L2 H|5o| tHEo] Wol FEE glth(Table 2).

gtH, Zetolm o] Qo T2 ¥hE 275 A I3t
H]J__f_o] 4_]—%0] Z Ag A-IQ\:} fﬂ-;q a'E A u]-o] {—;1_/; Z]
ol AHEE 5= & Ao E B E ATk mEkA] v 5ol 4
20| FHEHA GAY oF5HA FFHH ZetolH 2FZF o]

¢

% A B2 At

ZIck® RT-PCR mix M, o] d A oA Ads =
gholn| 2 ¥ AAT AF EvlE RNAE ©]-§314 RT-
PCR mixd H| 50| AHE A J=& A3 T ToCV 2
o8& Zato]w 9] 79 RT-PCR mix'd 5-&F/d2 ¥ 55t
T} C0419) F L & YA g2 AH oA = v S| AE
o] FZE|Z] ¥k O }(Table 2), X E RNA FF o] 24T
= S0l =7} tha "o F thFig. 1). TSWV X T-§ Z}o]
H 232 RT-PCR mix 7to]] ] 5o A& A4 A =71 b=
A Yeb=1), C072= RT-PCR mix1 T} 40] 4] B A ALE ¥ 9
o] H] Eo] AHE-o] Wo| A 1, C073-L RT-PCR mix49]
Al B] Eo] A =7} 71 Al 8 thFig. 1). T A & S 2 ToCV e}
TSWV X gto] ¥ Zg}o]| A= RT-PCR mix2$}+ 30] RT-PCR mix]
I} 40f v]8f oA Fo 3 AIE B PO, 0729 7 RT-
PCRmix22} 3 712] Eol & AL 2 gel 1Y O 2 A K v w3}
£ Aoll= oA o # o] A tHFig. 1).

u}2}A PepMoV, ToMV, CMV Z o] i) 23t A= A 2 %
ol A&st AAY Zafolw 23 H|Eo| H=E HE
olg| A gkt e 2}gke] 27 & H| LSt} PepMoV
ol cMV Zato]m z3He] A2 Tocv & TSWV-E Zato| o
23 A Y g A H o2 RT-PCR mix3o| A} 53t 21}
£ B o, ToMVE Zato|w o] Al &= RT-PCR mix1©]
71 Bol=7t & A S 2 UETHFig. 2). 3, Tag DNA
polymerase &/ AA| W40 o & H|Eo] =& H| WL F
£ 0 chemical inhibition H}4] 2] B8 o8 (RT-PCR mix13} 2)0]
antibody inhibition ¥4} (RT-PCR mix33} 4) E .t} th & A L
Bl o, 5 UH4 o] ¥h-3-H 7kl = Tag DNA polymerase
Ol 2w 71 UM0uY w2 U/10 plETh B]Eo] =7} A
UER THFig. 2).

CDNA 84 =74 #|®35t U My Zajo|H M. RT-
A

PCRE o] -3t

150 A cDNA A2 Athe] Eo]4 e 2
A= F a3 dA o]t} (DNA A ofl 2 gHet }_73_%;51
A} 3 A1 4% 9] RT-PCR mixl| A 3 9] %5 &=, cDNA T4 &
= YRS AIZE WSt mE | o] A=E Hlaf At ol

F3& YA o8 RT-PCR mix30| Al H]Eo] H=7}
A% RNA 7 371 Al b5 o] AbEo] oFstA A
C0410] A gsjrtal J&%Hfﬂ w2 Ao g3t
F2] RT-PCR WF-5- ol A =9 (M3 EvtE A=+
%Etﬂi A7lela v Eo] AxE A AT

ZE=RT-PCRmIx1, 3,2, 4 <2 2 U7 e o,
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Table 2. Parameters and suitability of primers used in this study

Amplicon Nonspecific back-

Virus Code Forward primer Reverse primer size(bp) ground product*

ToCV C029 ATCGGACATTATGTTCAAGG AAATCCTCATTACCACATCG 281 Weak
C030 CCTGATTGGTTCTAAACTGC CCACACCTACCACGATACTT 198 Strong
C031 ATTGCTTAGACCGATTCAGA TCACCCATTTTAGCGTACTT 372 Strong
C032 TATGTGTCAGGCCATTGTAA TTCATAAGCAGGTTCGAGAT 348 Weak
033 TGATGTTTCCAGTGTTTTCA TGGTAAATGAAATTCCCAAC 418 Strong
C034 GTGTTACGATGGGTTTGTTT CTTGAGTTTGTCCCAAAGAG 559 Strong
035 TTCCAAGTTCGATAGGAAGA CGAAACATATAACGACGAATC 565 Strong
Co036 TCGACTTTTCGAGGTTGTAT CCACACCTACCACGATACTT 556 Strong
C037 CATGTTTTCCAACAGGAGAT GGGATTATCATATTGCCTCA 832 Strong
038 CTCTTTGGGACAAACTCAAG ATCGAACTTGGAAACGAGTA 980 Strong
C039 GATGAAACCGAAGATGGATA AACAACAGTCAAATCGCTCT 943 Strong
C040 TCTGATGCCTTGGTTACTTT AAGCAACAAACCTACCTTGA 564 Weak
Co41 TGATGTTTCCAGTGTTTTCA TAGTTTGCACCAAAGGAACT 527 No
c042 ATCTCGAACCTGCTTATGAA TCAGACTCGGGTTAGGTAAA 657 Strong
Co043 TTTACCTAACCCGAGTCTGA TAGTTTGCACCAAAGGAACT 713 Strong
Co44 TACAGCTTAACCCGTTGAAT CATTGTCAATACAGTGGCAG 518 No
C045 TAGACACATGGCAATGGTAA AAAACGCACTGTCTGTACCT 1,055 Strong

PepMoV Co46 GATGGATTTGGCTACAACAT CAGCTAATTCAAAAGCCCTA 443 Strong
co47 AATAGTGTGTTTGGGTCGTC CTACCTGTGCCTTGACTCTC 308 Strong
Co048 TGTTCACTAGGCTCAGGAGT GACGACCCAAACACACTATT 461 Weak
Co49 GTGATGAATGGCTTAATGGT CCAAATAACCTTGTTTGAGC 371 Strong
C050 ACACTGGCAATAATGCTTTT TCCAGTGGATTTACCAGAAC 390 Strong
C051 TATCTGGTGGTCCATTTTTC CTACCTGTGCCTTGACTCTC 355 Strong
052 TGTTCACTAGGCTCAGGAGT GAAAAATGGACCACCAGATA 414 Strong
C053 GTGGTCTCTGGGATGAAATA CCAACTACGATCACCTCCT 249 Strong
C054 GAATGCTAGTTTTCTGTGGG ATGTTGTAGCCAAATCCATC 557 Weak
C055 CACCATTCCAAGAATCAAAT CCAAATAACCTTGTTTGAGC 576 Weak
C056 ATGATGAAAAACAGGTCGTC GACGACCCAAACACACTATT 613 Strong
C057 AAGAGGAGCGAATTGTATCA ACCATTAAGCCATTCATCAC 694 Strong
C058 GTTTTGCTGATAGAACCGAC TGAATTCGTTCTCCGTAACT 740 Strong
C059 GAAGCTGCTCTGTATTGCTT CAAGAGAAGACTTGGACTGG 769 Strong
C060 GACGCTCTAAGACGAAAAGA ATCAGGTTTGGCACTCTAAA 772 Strong
C061 AAAGAATTCAGGCATTGAAA ATCAGGTTTGGCACTCTAAA 757 Strong
€062 GGCTCTAAAAGCTGAACTGA TGATACAATTCGCTCCTCTT 745 Strong
C063 AGTGGTTGGAATCTCAAATG CAGGGAATTTCATTATAGCG 815 Strong

ToMV Co64 TAGTTCAGCAAAGGTGGTTT ACGTCTGCATAAGTCTCACC 681 Strong
C065 TTCACACAGTCTGACAAGGA GGAAGATCCACAAAATCAAA 824 Weak
C066 AGATTGCTCAAAGATGGAGA AATTTCATGGTAACAGCGTC 1,064 Weak
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Table 2. Continued

Amplicon Nonspecific back-

Virus Code Forward primer Reverse primer size(bp) ground product*
cmv Co67 CAGACTTATTCGTACCGAGG GTAGATGATTTCGCGGATAG 323 Strong
C068 ACTCTCTGACGAGTTCGGTA CAATTCCATAATTCTTTCGC 392 Strong
C069 GTCGAGTCATGGACAAATCT ACTGACCATTTTAGCCGTAA 803 Weak
C070 ACATCAATGAATTGGTAGCC CTCGGTACGAATAAGTCTGG 876 Weak
o071 CTATCCGCGAAATCATCTAC TCAACTTGACTAATGGTCCC 959 Weak
TSWV 072 GCAATTCTGGTTCTCTATGC CATTCTTCAGAGTGTCCCAT 375 Weak
Co73 CTAATGAAATCGGAAAATCG AGAATAATCGGATAGTCGCA 197 No
co74 GACAGCCTGGAACATAAAAG GAAAATGTGGAACACAAGGT 673 Strong

ToCV, Tomato chlorosis virus; PepMoV, Pepper mottle virus; TOMV, Tomato mosaic virus; CMV, Cucumber mosaic virus; TSWV, Tomato spotted
wilt virus.

*RT-PCR was performed with each primer combination in the RT-PCR mix3 without template RNA. The condition was as follows cDNA
synthesis (42°C/20 min), denaturation (95°C/10 min), amplification (35 cycles of 95°C/1 min, 58.5°C/1 min, 60.7°C/1 min, 62.4°C/1 min, and
72°C/1 min), and final extension (72°C/10 min). The result was determined by visual observation for the average amount or intensity of
nonspecific background products of each gel.

RT-PCR mix1 RT-PCR mix2 RT-PCR mix3 RT-PCR mix4
M1234567M1234567M1234567M12345¢617

ToCV

ﬂ--ﬁ-ﬁ-_

“HAEEREER

TSWV

11111t 111111

Fig. 1. Gel images of nonspecific background products on four different RT-PCR mixtures. RT-PCR was performed using 1 pl of RNA (100
ng/pl) from healthy tomato of ‘Seogwang’as template. The condition was as follows; cDNA synthesis (42°C/20 min), denaturation (95°C/10
min), amplification (35 cycles of 95°C/1 min, 51.0°C-62.4°C/1 min, and 72°C/1 min), and final extension (72°C/10 min). Each gel is divided
into eight lanes; lane M for 100 bp DNA ladder, lane 1-7 for 51.0°C, 52.2°C, 53.9°C, 56.0°C, 58.5°C, 60.7°C, and 62.4°C in order. The label at
left side of each gel indicates target virus name and primer combination/expected size of amplicon. ToCV, Tomato chlorosis virus; TSWV,
Tomato spotted wilt virus.

RT-PCR mix4 & A 22 YA ghg o= £ = 3 &S ol LUThFig. 38).

wsho] Aol UASHATE So|T AL REPRmixdsl T, ONA T4 AIZHo] T B So] 5 & REPCR mix]

A9 799 5E7h200ng/ o3 T RTH0ng o1 & AT LA WS|4 GAAITe] Ao W4T 3

A 2o A B 5ol A =7} o EA Uk t(Fig. 3A). 7bohe e E o v 5] A== RT-PCR mix1°] ;q Al
7% 2 =2 cDNA FAA7HS 100 ng/ple} 20802 Zhjol A 714 Wk ar, §HA A1 7F 1089 A RT-PCR mix32

TE T LR RSO B W] FEE ZANE UKL REPCRmixI ¥ %3 2218 2 9chFg. 30,

—rﬁ

PCR mix4= A €3+ U 2] HE-g-Hof A= AR &= ¢] 48°C RT-PCR mix12] - RT-PCR mix39] H]3)] 7] 50] thA& <
o|slo A vt HEFS HF o, GHAIE AL &Aool FIH o, A FE RT-PCR 2o A= & Zol7t ¢l
© 0] ] L= 51°C 0| At A = RT-PCR mix3©| T} 2 ¥F-&-oi o] H] Ao 2 At o] RT-PCR mix3< ©] &3 th3 A2 %13
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SFATE RT-PCR mix30]| 2 3Hgt 22 & o] Ao A v &
o] AbEol A=A A LHC041, C044, C073) 1 H =7} oF
0 (C029, C032, C040, C048, CO54, CO55, CO65, C066, CO69,
€070, C071, C072) Z2fo|H Z3gtof 2§ u, vio]2{&
H 2 ToCV+ €029, TSWVE €072, CMV+ €070, PepMoV+
C048, TOMV C0652] o] & 9} Wl 7H= 7} 7}4 £k} (data
not shown). ©] & 7|& 2 2 Hlo]H A AhS ¢J3f Adst
mabolu] Zgte] WAIH <l AIE B C029 (ToCV), C048

A B Cc

[J RT-PCR mix1
[J RT-PCR mix2
@O RT-PCR mix3
I RT-PCR mix4

N w B [, ] ~ o]
1

Average value for non-specificity

N
1

i

ToMV
RT-PCR mixtures

o

PepMoV CMVv

Fig. 2. Bar graph for average value of non-specificity in different
RT-PCR mixtures. The average value was calculated from amount
and intensity of nonspecific background products in each primer
combinations for target virus. RT-PCR was performed at the con-
dition described in Fig. 1 except for Tm value (56.0°C, 59.6°C, and
63.7°C). (A) PepMoV, Pepper mottle virus. (B) ToMV, Tomato mosaic
virus. (C) CMV, Cucumber mosaic virus.

[&)] (o)
1 J

N
1

N
1

-
1

Average value for non-specificity
w
1

o

(PepMoV), C070 (CMV) 71 71 1} 7+ RNA 9ol 7} 5] 4 off
Fol| A v Eo] AbEo] HE WA HA Fekar, Aatol FFF
< 2 Ar Lk oly 9o} C072 (TSWV) 2 C065 (ToMV):= 1L
FE AR A v E o] A& o] FEE] % thFig. 4).
o #

£ Ao A = atol g & Bo| Zatoln 23 Adstal
A EutE oL tf Ak vo] 2 A9 VA E FE S V2R
Ho| g A Eo] 7|4 E& Agsta Zeto|wE A 2hst
Atk Aol e B8 32 WA 22 RT-PCR §H3-]
A Zapolw] 23tof upet H]Fo| AbEo] YA HE st
% tH(Table 2). Y42 © 2 PCR mixol| &= Tag DNA polymerase
A W o whet 2d g g DNA ZH2E 0] WA =t
(Chen 5, 2015), §1-3-<4 Ujof] &£ 3}+= H €] DNA =&}
ZAZ RNA 7H] T EA GOl v 5o AHE e 0 9
A 7hed st Ao = HkE gk

ohet 2 A Adts v Eo] AbEo] Wol AAE 4 U=
£ RT-PCR HA 70| A 3= R G2 el A =35t
Aok 1B R Co724 Y FF o] gAY AT RNA H 7t
ZZ0 A GF v Eo] AbEo] AAJHTIIL S A Fthe] &
4 5 e A2 oY thFig. 3). At ti4f ol == Hhol
2o By o]l Zato|mE AWty A= 7|5
A1 Z 3} vfo] 2| A8t o} 2t Tag DNA polymerase T 2
A AH A hF FHAAE A 24T dart Yo

[ RT-PCR mix1
[ RT-PCR mix2
@ RT-PCR mix3
I RT-PCR mix4

100 200 400 800
RNA concentration (100 ng/ul)

42 45 48

Temperature (°C)

51 56

Parameters for cDNA synthesis

5 10 15 20
Incubation time (min)

Fig. 3. Bar graph for average value of non-specificity according to the combinations between cDNA synthesis parameter and reaction
mixture in RT-PCR. The average value was calculated from amount and intensity of nonspecific background products in each primer
combination. RT-PCR was performed with C029 primer combination of Tomato chlorosis virus at the condition described in Fig. 1 with
exceptions; cDNA synthesis (48°C/20 min) (A), template RNA (100 ng/ul) from healthy tomato of ‘Seogwang’ (B), and cDNA synthesis (20

min) (C). Tm value for PCR is 58°C over all test.
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RNA dilution

Diseases
2 3 45 6 7

Healthy

M1 23 4567 M1

ToCV
C029/281

TSWV
C072/375

CMV
C070/876

PepMoV
C048/461

ToMV
C065/824

Fig. 4. RT-PCR detection of five tomato viruses using finally se-
lected primer combinations for each virus. Each gel is divided into
eight lanes; lane M for 100 bp DNA ladder, lane 1 for initial sap
of purified total RNA, and lanes of 2-7 for 10-fold serial dilutions.
The label at left side of each gel indicates target virus name and
primer combination/expected size of amplicon. Template RNA
was prepared from ‘Seogwang’ tomato plant except for TSWV
(Juok’tomato). RT-PCR was performed as follows: cDNA synthesis
(47°C/5 min), denaturation (95°C/10 min), amplification (35 cycles
of 95°C/1 min, 65°C/1 min, and 72°C/1 min), and final extension
(72°C/10 min). ToCV, Tomato chlorosis virus; TSWV, Tomato spotted
wilt virus; CMV, Cucumber mosaic virus; PepMoV, Pepper mottle vi-
rus; ToMV, Tomato mosaic virus.

o] J=7} A8tiL(Fig. 1), th2 vlo] 2 & Zatolw Z o]
A= RT-PCR mix2¢} 40| A 1 A =7} 43§ thFig. 2). o] =
Tag DNA polymerase 5 =7} & o] H| 5] 4h&=0] Wol 4§
AEthe o]de Huel #eo] 9l AL R AEth
(Usta 5, 2005). HFH of] ToCV A gHg Zafolm = 3 o] =
%, cDNA A= 9} A 7+S 2a gL 1 RT-PCR mix 12
Sol=7t 7MY 2 A2 2 YETHFig. 3). o]+ 0722t
C0299] AT}7} AF3E|= 7 © 2 RT-PCR 4H-2- ol 7} A el st
Zatolw 7ho] A3t o] Aol Bol o Fad a9
< tAlgtth

281} RT-PCR mix32 (DNA FA =S G AL A 29
WA 2 =<1 50°C o] stet A ATt 58 o H ol A= RT-PCR
mix13Z 2 2}o] & H o] 2] FekrhFig. 3). 214 © & RT-PCR
mix3< RT-PCR mix1¢]] H] 3| &40l thL 2 Ao K
At 2 2 RT-PCR mix3& o] &3l Adgh Zapoju o] 1
o Eo] A4S B, ToMVE 0659 S F3o] 1xrEd

H| 50| 4H&E o] Z8HA 535 3lthFig. 4). ©l= 73 - o
2} Zefolw AA RO 2 B Eo] AHE AAE A= A
o= A7 e, 7|3 A& AFFHAAE FEH Y
24 o] ofZ] A SHA] & Yu|Tha: & 4= Q)
ok A 24 AEFAA 2H A BEFEATLAES AR
o< TS uAE G7IAES BF A AT 5t=1|
(personal communication), ©] A 0] 2 A g o] F&FS
FAEA = b =Y E oo & 227} Wkl st o]
A Aol A v Eo] 4HE A/dS 9 517] 93l A= Tag DNA
polymerase %J A A| DNA 2 ¢ o] = A] ¢k-2 Whg-2 A&
S A (Lawyer 5, 1993) E= T 2 Zeto|w F/7E vl
= A& ol X9k, G2 RNA =% H| A| DNase #
£ A 7IFDONAAAZIEE =30l d AR I

[0)

oo

o OoF
a5

T EutE oA LAYsH= 8 Blo] g A= Tomato
chlorosis virus (ToCV), Tomato spotted wilt virus (TSWV), Cucum-
ber mosaic virus (CMV), Pepper mottle virus (PepMoV), Tomato
mosaic virus (ToMV)©] t}, o] & Hlo] H A5 X ths}7] 93
ZetolH N EQ} k-3 S E3dt= JHUAS S (RT-
PCRIY o] 25 ZASFATE S A g HEo] 2 &0 Ho] A ¢l
H7IE2EE 25 467 Zeto|n A EE AA 5L, o
£ o] &3] & 9A &2 RT-PCRAJ A H|Eo] HFS-& =
ASERATE o] & 7hEH 1671 232 A3 EntE RNA9
A &3t Aut Zefo|m A EQf RT-PCR ¥H3-9H 7+9] Z135}H4]
o H] o] ¥hg Ao G2 F Utk DNA T3 i
H A} RT-PCR HE-E-H Afo] &f 28-S ZA 2 ToCV T
S 913 F F 7Y W) AEFHATHToCV HE A 43

2 Vb A wpol & Aol A4 YL uf, Sol 4ol
Zalo] A|E €029 (ToCV), C072 (TSWV), C070 (CMV),
C048 (PepMoV), C065 (ToMV)E A3t 4= Q1 it} o] & =Z &}
oM N E= FAIT Hio|2| & EolF o g Mdst= b
FET AR AT
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