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To investigate the incidence status of viruses in major cultivated areas of watermelon and melon in
Chungbuk Province, samples were collected from 2020 to 2021 in vinyl greenhouse of Jincheon and
Eumseong and examined for virus infection using reverse transcription polymerase chain reaction. Of
the six viruses on watermelon that was analyzed in this study, watermelons were infected with cucum-
ber mosaic virus (CMV), watermelon mosaic virus (WMV), cucumber green mottle mosaic virus (CGMMV),
and cucurbit aphid-borne yellows virus (CABYV). The incidence rate of CMV was 20.9-35.0%, WMV
0.4-15.8%, CGMMV 1.6-38.5%, and CABYV was 3.5-3.7% from 2020 to 2021. But strangely, there were
no incidence of zucchini yellow mosaic virus and cucurbit chlorotic yellows virus (CCYV) during inves-
tigation. From this result, we knew the major virus was CGMMV on watermelon in Chungbuk Province.
Molecular diagnosis assays of the two melon viruses, showed that melons were infected with CABYV and
CCYV from 2020 to 2021. The incidence rate of CABYV was 53.9-92.2% and CCYV was 2.7-20.8%. The in-
cidence of CABYV was high in melon cultivation of Jincheon and Eumseong, Chungbuk. Afterwards, it is
necessary to establish a control management strategy for reduce the incidence of CABYV. Furthermore,
we must pay attention that of CCYV even if the incidence was low.
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Table 1. Primers designed for detection of watermelon and melon viruses

Virus Primer Base sequence (5'-3') PCR product (bp)

cmv CMV DP u1 CGT CGT GGTTCCCGCTCC G 473
CMV DP d2 AGC GCG CAT CGC CGA AAG AT

WMV WMV-UNI-1F CAGTTT GAATCATGG TACAGC GC 392
WMV-UNI-1R TGT GCT ATT GCT TCT CTT GCC C

CGMMV CGMM-N30 ATG GAA CGT ACCGGA ATC 609
CGMM-C60 AAT TAA GTA AAGTCCTGA CG

ZYMV ZYM-C10 AGG CTT GCA AACGGA GTCTAAT 510
ZYM-N50 TAT ATA GAG ATG AGA AAT GCA GA

CABYV CABYV-u4 ACA CGA GTT GCA AGC ATT GGA AGT 466
CABYV d3806 AGT ATT CCA GAG CTG AAT GCT GGG

CCYv CCYVF2 ATC ACA CCCGAACACATGAATC 415
CCYVR2 TCGCTCATTACCTTACCAGTIGG

CMV, cucumber mosaic virus; WMV, watermelon mosaic virus; CGMMYV, cucumber green mottle mosaic virus; ZYMV, zucchini yellow
mosaic virus; CABYV, cucurbit aphid-borne yellows virus; CCYV, cucurbit chlorotic yellows virus.

517] wj ol Hiolg2of Ad FAht A etof o) ufolg
2of gA =EF o] Zh=of AHAR S & = AUk =
o] A= 4=1}to]| cucumber mosaic virus (CMV), melon necrotic
spot virus (MNSV), papaya ringspot virus (PRSV), watermelon
mosaic virus (WMV), zucchini yellow mosaic virus (ZYMV),
cucumber green mottle mosaic virus (CGMMV), kyuri green
mottle mosaic virus (KGMMV), zucchini green mottle mosaic
virus (ZGMMV) (The Korean Society of Plant Pathology, 2022)
8%o| R uEojglch I8 2| Zof+= cucurbit aphid-borne
yellows virus (CABYV), cucurbit chlorotic yellows virus (CCYV),
melon aphid-borne yellows virus (MABYV) 3&0]| 712 dt
AYste] g S 53l thByun 5, 2022). T EA|Hof| A WELS
i e Ao 2 e glon, AR 57k B &
3} 7hgo] A F ¥ AE St Yk FBAGe) AL
B 2L SuE HE ok 9 S A1 BAE
o3, SE3ko] A Sk glek. T WEe B IEe] gl
uo]g A= CMV, MNSV, CABYV, CCYV & 1100, o] 2 22
o] CABYVE} CCYV7ZE HZ A uA]o)l A 7H 2A] A7 =1L
QItHChoi?} Choi, 2016; Kwak 5, 2021; The Korean Society of
Plant Pathology, 2022).

olg|gt o] f-= Y 57t= WEo] WAYsH= CABYV w29
HAE FARS 27151 Qs Aol wEki] 2 A= F5A
o b 2ol @AYSH= ol IS ZALSHo] HE
oA WA thAS 913t 7|2 AAm =S85t At =3 = ik

HIOIRIA A $8. 433 BE AR 2020978
202197 FHBE AP AFE AL AN
Shoick. 2020900 3R 497K 4Pt AHZOA 2
7 ukg Apfeks 57} 257 AAstel Ut 44 A g8
ol FUT A0S 574 AL 39 BoAE 1084 3
Yahsick 6ol AT A 571E 3 WA 18
3718 o 2 5719 3] S 2olA SH9-2E 1088
54072 AYSLT SHZANE 195718 o 2 AAZ
3} e W0 2 570789 ARE stk A2 795
8U7H) ARZONA 85718 YO = B7he 7] 92
A $H-23 1084 24082 AFSAT SHZANE 857
ol 260%& RStk 20210 ke 38N H 5U7H
Y82 YA 45711208 SHTL 757 2108 L AE
28R 9W] AAZ 435711808 SHZ 7571 3158
202093} 2 0 = AsHc

ZIchHio|2{A B]. 202040 = 22 EA17F AL Sl
CABYV, CCYVE 235} pitof @Aste] W& == WMV,
CMV, ZYMV, CGMMV 5 653} BE2A ] 57t 718 &A17F
T&= CABYV, CCYV 2&9] t5}o] & E9] primer (Table 1)&
0]-8&-5}¢] reverse transcription polymerase chain reaction
(RT-PCR) ¥l & AGsl ek 2021904 S=abol|Ali= wiwy,
CMV, ZYMV, CGMMV 4%3} " 2.2 CABYV, CCYV 2= o5}
o] 202097} 22 W 0 & ZTsit)
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Table 2. The incidence rate of viruses on watermelon seedling in Chungbuk Province in 2020

Incidence rate, n (%)

Region
cMv WMV ZYMV CGMMV CABYV ccyv
Jincheon 0 0 2/25(8.0) 0 0
Eumseong 0 0 2/25(8.0) 0 0

CMV, cucumber mosaic virus; WMV, watermelon mosaic virus; ZYMV, zucchini yellow mosaic virus; CGMMYV, cucumber green mottle
mosaic virus; CABYV, cucurbit aphid-borne yellows virus; CCYV, cucurbit chlorotic yellows virus.

Table 3. The incidence rate of viruses on watermelon in Chungbuk Province on June in 2020

Incidence rate, n (%)

Region
(d\Y) WMV ZYMV CGMMV CABYV ccyv
Jincheon 0 2/54 (3.7) 6/54 (11.1) 2/54 (3.7) 0
Eumseong 0 9/57 (15.8) 19/57 (33.3) 2/57 (3.5) 0

CMV, cucumber mosaic virus; WMV, watermelon mosaic virus; ZYMV, zucchini yellow mosaic virus; CGMMYV, cucumber green mottle
mosaic virus; CABYV, cucurbit aphid-borne yellows virus; CCYV, cucurbit chlorotic yellows virus.

QERFZIEL 20204 39RE 49714 AU St A=
HE= 1384 QoA Easy-spin total RNA extraction kit (Intron
Biotechnology, Seongnam, Korea)& ©|-& Total RNAE &

&} BCS RT-PCR 2% Master Mix (Bio Cube, Suwon, Korea) =
RT-PCRE 43§35}tk RT-PCRE 50°Coj|A] 30, 95°Cof|A] 5%
7+ RAALHRE F 95°CollA] 30%, 55°CollA] 30, 72°CoflA] 12
= ¢ F7)=2 5to] F 353] F-FAZH PCR AH=-2 Fragment
Analyzer (Agilent, Santa Clara, CA, USA)E ©]-&3}o] & &
15}t 20209 6do]l RS ~ut 74 FE 8U7A] A
HHEES 108 T Foo = sho Aekstgint 2021 =8t
2 oF92 7 AR 1089 A RE 34, 37, 48 o= Yol
217} o] Heo = sho] Aestlal ojnf vhojg 27t HE
o = 174 thA] Aetstint WE-2 oh-9-2 T et 155
o] NS 5H4 ) £Lo2 sto] Sum P o

SeHE HfO[2{A WAlQkal, 20204 3YRE 4¥7HA] FEA
o S/ XA HEAE w7 ol A A A ARt 4=t A
x| tf3f vio|gfA 6o sl RT-PCR Xtk A3} 213t 25
E7HE 5 25710l A CGMMV7}E A& E0] 8.0%2 HHE=
BRI ST E 2557 5 2°57HY AlEellA CGMMVZE 3
S5]0] 8.0%2] A EE= E3THTable 2).

CGMMV*:= Ainsworth (1935)7} -8 . 113} vlo|g A2 =
o= e A5 5 BRIl AL Q= Etoll A &2
ko] B 1 EQjtHLee 5, 1990). ©] HlO|# A= Tobamovirus<:

O 2 FAEYHSFTHCE HYo| Hn, g=Hlof| 4 CGMMVZ}
TS T i = S 9 FgatE Wsto] R0
UARA Elo] =23 HYUAE A= lrkChoi 5, 2004a).
CGMMV= =jof] Ao B % o]S s=ubafjuz|of x| X]&4]
© 2 WSty msfE L §lor, CGMMVZE @ HE L7 ol A
EFAYEEL 0.2-3.5%% & Ho|X|THChoi 5, 2004) S84
HE283%7} 2 = 240 o] 77| WAYsHH SHAEL
= 343 HutErHKo 5, 2004a).

20209 69 EtgSo] 7] wf A3 A 2SS Hloly
2 6% sl A= o vrolziE HEY/L2 Table 3
oF Zrgkeh K- 547) 204 CGMMVE= 67404 HEE
o] 11.1%2] ZAEEL HY 1 WMV CABYVE= ZHz} 27 40
A HE0] o] 3.7%Y A HE S e S48 577400 A
£ CGMMV7} 197l 2204 HEE|0] 33.3% 2] A EES UEH
T WMV 97]| 4, CABYVE 27]| A 0f| A A& o] 212} 15.8%%}
3.5%9 AHES ok

Z| 2 whabE ol A EA7F Bl Q= CABY Vi ZegiofA
1992d¢f A2 WiAlo] H 11 E Q13 (Lecoq, 1999) o A=
201430 WZ A %S ¥ 1= THChoig}t Choi, 2016). o] 1}
o|H A& Solemoviridae®} Polerovirus&2. 2 F2 EILRG &
I EgolEARE oA FEHAE = AR LA 3l
omj, WEo|A= ol ElENHY, mAjol2, 3} FY T4
Yo 7|H(Fig. 1), o|HH FAloA= EF2Z U E A
a0 A5 glojAA HrtLee 5, 2015).
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Table 4. The incidence rate of viruses on watermelon in Chungbuk Province in 2021

Incidence rate, n (%)

Region Month
cmv WMV ZYMV CGMMV
Jincheon March 0 0 0 0
April 0 0 0 2/120(1.6)
May 42/120 (35.0) 0 0 12/120(10.0)
Eumseong March 0 0 0 0
April 0 1/210 (0.4) 0 81/210(38.5)
May 44/210 (20.9) 0 0 61/210(29.0)

CMV, cucumber mosaic virus; WMV, watermelon mosaic virus; ZYMV, zucchini yellow mosaic virus; CGMMV, cucumber green mottle

mosaic virus.

Fig. 1. Symptoms infected with cucurbit aphid-borne yellows virus
(CABYV) and cucurbit chlorotic yellows virus (CCYV) on cucumis
melo. (A) Plants infected with CABYV. (B) Leaf symptoms infected
with CABYV. (C) Plants infected with CCYV. (D) Leaf symptoms in-
fected with CCYV.

Hpo|2] A 4] thaf| RT-PCR Xtk Z3t= Table 49F ZH¢tth
3golli= 20209 A}et= th2A| oW dt Hiol2| Ak HET
A gkgkom, 4o = AT A CGMMV7E 270l A HEH
0] 1.6%2] A HES HEIL =4 olA= WMVZE 13 A
=] 0.4%2] ZHEES B 59l WAL} STl A
CMVE}F CGMMV 2% 79] Hiol2| A7 AEH =t CMV= A
Ao A 2780 2 350%, SAFL 4480 2 209%2] 7+
£ HYT CGMMVE QAT 12820 2 10%, ST
6180 2 38.5%2] ZHE= UEhth

2020193} 2021 - EA| eHpAfulR]of| A wlol2 2 TAYGF
d& ZARE T 2AP1ZE SR ZYMVEL CCYVE HEEHA &
Atk ZYMVE G Eof o3f wi7fe = vholg 22 A
FEPAE Ao A= 6E 7B Y=L A|THKo 5, 2004b) 5

EA ol A= oA 7EA] WY A] ghof ofof thgh ket At
7F o Festrial AZHEch CCYVE J dakzEolA 24
7} =)L Q= vhol2 AR Ffjoll A= 2ol WEIA] 2018
of| 2}-& ¥h¥o] B 1 E|QJtHCho £, 2021; Kwak £, 2021). &
A W2 QolofA e HWAE|e] 5 abo A= ZA7t 2
7He /0] = AL = AZE7| dmoll A& WY EALR}
o] ol A F ui7fst= FHl7tFolof thgt A7t d st
1 A3ZFE T

W= HIO|2A HHAHQEAL 202087} 2021 2 EA|H 24
T3 A WEA s7FA HRE A mEE Hiol7 A 2
Zof i3l 79t A= Table 59} Z9kth CABYVE= 2ol
Al 2020d9] 24714~ F 2074zl A AP o] 83.3%2] HHE
< B9 202199 1807 = 16670] HEE|o] 92.2%2] 7+
FES UEPATE 34372 202010 247] & F 177] 20fl A 2
A=lo] 70.8%2] THE-S VeI 20219 = 315% 5 170
o] HEH ] 53.9%2 HAES Btk o] AR E £ 5
B2 WE a4 CABYVL] Eao] 50% ojAto 2 o

2e & 471 glom, o5 e Slef iiAEe AT %
A5 S PHEL JTte] vholei WYL Fofob &
A0 2 AAHUT F AL BEANE SH= $7HE S
CABYV iile] Bl ZI5LE W) B3] sh vpolei

Aol = ZFol7t QAL 7HEE E5IE HRHE o 5ol FAlst=
2o A HAA7|7t WSS vio]H A Ao Hopzltial
Z5tar ik o] S e £ uf vl IREET ok
2 A A1 kel Tojst= 71424, 2% SOl gt =7
A2l At Fasiriar A3z

204 CCYV= ZH oA 2020 e]li= Aol glglom,
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Table 5. The incidence rate of viruses on melon in Chungbuk
Province from 2020 to 2021

Incidence rate, n (%)

Region Year
CABYV ccYv
Jincheon 2020 20/24 (83.3) 0
2021 166/180(922)  5/180(2.7)
Eumseong 2020 17/24 (70.8) 5/24.(20.8)
2021 170/315 (53.9) 0

CABYYV, cucurbit aphid-borne yellows virus; CCYV, cucurbit chlo-
rotic yellows virus.
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22719 Sz} W2 Ao A 2020858 202113717 A
F2E A 3}4] reverse transcription polymerase chain reac-
tion© 2 7% ATk A3 vholei WS 24k
%k 20204 S8t A4 A HE ] e vfolel g 4
AN o) ST At F 3Lof| A cucumber green mottle
mosaic virus (CGMMV)gto] Z+7F 8% 9] ZFHdE& EHth 6
Yol = AAZT S X7 B0l A watermelon mosaic virus
(WMV), CGMMV, cucurbit aphid-borne yellows virus (CABYV)
7t FEAL R AEEHUoH, AHES W0l WMV 3.7%,
CGMMV 11.1%, CABYV 3.7%°]%] 1L SA S WMV 15.8%,
CGMMV 33.3%, CABYV 3.5%= 2A]g0] ZdF-o] 8|3l WMV
o} CGMMV ZHE°| =3t 20219 397E 5971 dE=
FHEAER o A BRolH A F HAE RS ) 3Eol= o487 A
At mEFOA] vho|2f A7t HEEA] ko, 4ol = 2T
of| Al CGMMV 1.6%, Aol A= WMV 0.4%, CGMMYV 38.5%
AT 5o = AA oA cucumber mosaic virus
(CMV) 35%, CGMMV 10%, 2ol A= CMV 20.9%, CGMMV
20% WS S B o4 S8 Hlolels 24717 Bt
zucchini yellow mosaic virus (ZYMV)£} cucurbit chlorotic yel-
lows virus (CCYV)= AEEA] kom, 2020 = HAYE] A

ok CMVZE 2021 ol 'AYBHSITE 202019 7E] 20217+
2) WA Aol 4] F BEA7} H3 9 CABYVRE CCYV it
S 2AE ) CABYV:= 2APIZE Bt S/dwa WdZ &
SOl A HAYE| T B 53.9-92.2%%] T} CCYVE 20204
of] /ol ARt 20.8% 202110l = HAH Lol ARt 2.7% A
stk
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