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Watermelon (Citrullus lanatus) and muskmelon (Cucumis melo), both members of the Cucurbitaceae, are
economically important fruit crops in Korea. Various viruses cause major diseases, significantly reducing their
production. In this study, we investigated the incidence of zucchini yellow mosaic virus (ZYMV), watermelon
mosaic virus (WMV), and melon necrotic spot virus (MNSV) by collecting symptomatic watermelon and musk-
melon leaves from nine cities (65 fields) across Korea between 2019 and 2023. At least one of the viruses was
detected in 125 samples, with ZYMV, WMV, and MNSV identified in 74, 27, and 52 samples, respectively. Most
ZYMV and WMV isolates were classified as subgroup Il of ZYMV group A and subgroup | of WMV group A, re-
spectively. MNSV isolates were clustered into two distinct groups: the muskmelon group and the watermelon
group. This report will help farmers develop effective viral disease management strategies for watermelon
and muskmelon crops in Korea.

Keywords: Melon necrotic spot virus, Muskmelon, Watermelon, Watermelon mosaic virus, Zucchini yellow
mosaic virus

=8H(Citrullus lanatus)T} BZ(Cucumis melo)2 A AAIZ LS. A7 AuliHZ] 2] 24.8%, 3.7%E RFX|SIaL §lom, vy} W=
2 07 w2 vy A5 £ ZEolck I eula AE . o] AARFS ZH7) 487,167, 48,389E 0 2 A A F YAt
9] AjuHA-L 2022 7]1& 712+ 11,762 ha, 1,767 ha= A 1} 259 23.4%, 2.3%= A-5-5}2 9Jth(Korean Statistical Informa-
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ol WA thBo] EEste] Al 57HE 0| ofelee AW
QIthHChoi 5, 2004; Park 5, 1996). =U] 4=} W20 A B
3% FQ vfo|g A& zucchini yellow mosaic virus (ZYMV),
watermelon mosaic virus (WMV), melon necrotic spot virus
(MNSV), cucumber green mottle mosaic virus, cucumber
mosaic virus, cucurbit aphid-borne yellows virus, cucurbit
chlorotic yellows virus, papaya ringspot virus 5¢] 1thHan
= 2023; Jin &, 2023; Kim =, 2012; Ko =, 2004). x| 27}x]%= 1t
ol 4 Wt vlole A5 AR WAL FE o)7L
tHChoi &, 2010; Kwak 5, 2015; Lee®} Lee, 1981).

2 A= Hate] 8 Hhol2| 2 Fofl A ZYMV, WMV, MNSV
£ giike 2 sttt ZYMVE} WMV Potyviridae}t Potyvirus <5
of 223t = vhol2|A g A DY 7HH RNAS genomeo. &2
7HA AL AL, ARES S EETHGal-On, 2007; Glasa 5,
2011). MNSVE= Tombusviridae®t Gammacarmovirus <501 X3¢
e vholg a2 4 T e RNAS genome S = 71X| 1L
Qlom EQF4tR2l Olpidium bornovanus®l] 2J3l] Agto =
gl 22} 2ol Hrka A glrkzhan 5, 2019). |5
Hholg]as vt AE oA & W ES Holm, A4t A
2 £A41S ZRITHChoi 5, 2010; Jin 5, 2009). 12{4 o] o]
#20] by opafolLt S Bl B AT AL REF
Agyoln, 7]3e] B ufolel At @A) wg F9l tolajz
Sol AEbe 2w EAHE 79] ol 2ojx)x] ekl

wEbA 2 AFHE 53l 2019978 20237HA] o B EE
|4 ZYMV, WMV, MNSVE] ZHHExH T dsh2 2ARSHAL, HE
ol2]X isolate 52 A7IA Aol 7|23t AlFeHA 45 33t
o] 7% B39 vholej 2 Sute] 2ABAS sho}stA shrk

HfO|2{A ZIEH W AIES B, wholel A 7o) oy
= uk W2 A 7o) A FavorPrep™ Tri-RNA reagent (FA-
VROGEN, Ping-Tung, Taiwan)& ©|-83}4 RNAS F&35}12,
M-MLYV reverse transcriptase (RT) (Promega, Madison, WI,
USA)E o] g3lo] S} HHS-& B3] (DNAS FHAJaIit.
Reverse transcription polymerase chain reaction (RT-PCR) g}
& 242 7] ¥4 95°C 38, o] % WA 95°C 15%, Z} primer
H A3l 152 (ZYMV-CP-285F_LK/ZYMV-CP-782R_LK, 60°C;
WMV_CP_F/WMV_CP_R, 51°C; MNSV5/MNSV6, 53°C), A1k
72°C 1:29] 342 353 wHEskar, mpA|e A1 @A S 72°C

E7F 33314tk PCR BH-g-91-2 10x reaction buffer 2 pl, 5
xQ-solution 4 pl, dNTP mix 0.2 ul (200 uM), FIREPol® DNA
polymerase 0.1 ul (0.5 units) (Solis BioDyne, Tartu, Estonia),
nlo|¢AH forward/reverse primer ZF 1 pl (10 uM), cDNA 1 ul

(¢F 100 ng) % 10.7 plo} BHSF= AT ZYMY,
WMV, MNSV H}o]g]A o] ek 918t 5o|& primerg
ZYMV:= coat protein (CP) £9]%] primer2 ZYMV-CP-285F_
LK (5"-GGGGATCCAGCGTCTCATCAGCAATTCG-3")2} ZYMV-
CP-782R_LK (5-GGGGATCCGTGTGCCGTTCAGTGTCTTC3")
£ AF&5F4 3 (Kaldis 5, 2018), WMV+= CP E90]3 primer2
WMV_CP_F (5-AACACACAACCAAGTGAATT-3")2} WMV_CP_
R (5-TAACGACCCGAAATGCTAACT-3" )2 AF-&3lFoH(Ali 5,
2012), MNSV+= RNA dependent RNA polymerase (RdRp) &
o)A primerz2 MNSV5 (5-AGGTTAGCAATGGATACTGG-3")
9} MNSV6 (5-TCTCGTTTGATGTGGAAGAC-3") S A}-&-351%th
(Herrera-Vasquez 5, 2010). RT-PCR A3 9] H|w Lo 2= 4
gk transcriptional elongation factor-1a (EF-1a)2 SIEF-1a-F (57
-ACAGTCATTGATGCTCCCG-3')¢} SIEF-1a-R (5-GGTGACAAC-
CATACCAGGCT-3")Z A& THBI 5, 2019). ZF Hlo| A 9]
E0]&¢] primerZ 0]-83F RT-PCR ZZ AHE-2 RedSafe™ Nu-
cleic Acid Staining Solution (20,000 x) (Intronbio, Seongnam,
Korea)S 22 0.8% agarose gelo| A A7|9%5S 433}k
UV stoll A 23} 018} (ZYMV-CP-285F_LK/ZYMV-CP-
782R_LK, 493 bp; WMV_CP_F/WMV_CP_R, 980 bp; MNSV5/
MNSV6, 575 bp), FavorPrep™ GEL/PCR Purification Kit (FA-
VORGEN)E Alg-3]] 2] AA|5}o] Sanger sequencing £4
2 435}t tH(Macrogen, Seoul, Korea). Z}2+o] J714 22 1]
=9] LAY F5H4 1 Al E|(National Center for Biotechnol-
ogy Information)o]| 4] Basic Local Alignment Search Tool &
A5ty isolateE < 2§ 5T Hio|H A isolate52] A
E4 B0 MEGA 11 Z2 I3 (Tamura 5, 2021)2 0]83} 9]
7|0 B35 ZYMV (Coutts 5, 2011), WMV (Wang 5, 2017),
MNSV (Herrera-Vasquez 5, 2010) reference strains2] 9714

A5} v wsko] AYshict

GenBank accession number. ZYMV (CC203-4, PQ541585;
GR211-9, PQ541586; GR212-7, PQ541587; GR212-30, PQ541588;
Y1192-5, PQ541589; YG211-2, PQ541590; YP211-6, PQ541591),
WMV (CC191-1, PQ541592; CC191-2, PQ541593; GC192-7,
PQ541594; GC192-10, PQ541595; GC192-11, PQ541596; GC192-
16, PQ541597; GC192-17, PQ541598; YP215-1, PQ541599;
YP217-13, PQ541600; YP218-12, PQ541601), MNSV (CA201-
30, PQ541568; CA211-14, PQ541569; CA212-4, PQ541570;
CA216-2, PQ541571; CA222-7, PQ541572; CA222-9, PQ541573;
CA224-1, PQ541574; CA226-1, PQ541575; CY203-1, PQ541576;
CY203-13, PQ541577; CY203-20, PQ541578; MNSV-CC-NW,
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PQ541579; CW213-1, PQ541580; YP191-10, PQ541581; YP216-
10, PQ541582; YP231-3, PQ541583, MNSV-NS-NW; PQ541584).

S710ll A HfO|2{A B X AL 20194
gl gl 2of HE Ao 7)=ZYMV, WMV,
MNSVS| 9 B 311 Hstel oA A, %,
FT, ¥, 89, B, ziOh 3o, 29)2 FEshort o] 7]
2 A H "ol & 258709 )

719 o4 ARE Aeleich wholal A W] uhe
F9F RT-PCRI} 97149 £ B4 12579 A=A
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q
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w
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d

Table 1. Occurrence of viruses in watermelon and muskmelon

ZYMV, WM, NSV 231 ek St 357} 5 1) g v

ol g G ARE AW S 7 2

74 313H14/197Y], 73.7%), 2020 5 AF(25/267H, 96.2%), 2021

59 Z2H9/147), 64.3%), 20228 59 Z2H14/257Y, 56.0%), 2022'A

7% oF(14/197)], 73.7%)°]tHTable 1). §R& 7} vjola] A

ufe} A Zfo]7} IR FEAC R H2T Y BApol,
P, 4% A3t AT el B2 BEESckFig. 1.

‘\
=

ZYMV S ZA A AISS B4, vlol2|2 Y o4 A=
2587l & RT-PCRZ: &3l &2l ZYMV 7 g Al &= & 7470

Year/ Origin No.of Infection Virus
month (city/country) samples samples zymy WMV =~ MNSV ZYMV+WMV ZYMV+MNSV WMV-+MNSV det":::'ion
2019 27 22(815) 21(77.8) 9(333) 1(3.7) 9(33.3) 0(0.0) 0(0.0) 5(18.5)
2019/05 Yongin 1 1(100.0) 1(100.0) 0(0.0) 0(0.0) 0(0.0) 0(0.0) 0(0.0) 0(0.0)
2019/06 Yangpyeong 3 3(100.0) 2(66.7) 0(0.0) 1(333)  0(0.0) 0(0.0) 0(0.0) 0(0.0)
2019/07  Gochang 19 14(737) 14(737) 5(263)  0(0.0) 5(26.3) 0(0.0) 0(0.0) 5(26.3)
2019/08  Chuncheon 4 4(1000) 4(100.0) 4(100.0) 0(0.0) 4(100.0) 0(0.0) 0(0.0) 0(0.0)
2020 75  38(507) 35(46.7) 0(0.0) 19(253)  0(0.0) 16 (21.3) 0(0.0) 37(49.3)
2020/05 Cheongyang 26  25(962) 22(846) 0(0.0) 17(654)  0(0.0) 14 (53.8) 0(0.0) 1(3.8)
2020/06  Cheonan 17 6(353) 6(353) 0(0.0) 2(11.8)  0(0.0) 2(11.8) 0(0.0) 11 (64.7)
2020/06  Chuncheon 10 4(400)  4(40.0) 0(0.0) 0(0.0) 0(0.0) 0(0.0) 0(0.0) 6 (60.0)
2020/06 Yongin 22 3(13.6)  3(13.6) 0(0.0) 0(0.0) 0(0.0) 0(0.0) 0(0.0) 19 (86.4)
2021 107 35(327) 18(168) 4(3.7) 14(13.1)  0(0.0) 1(0.9) 0(0.0) 72(67.3)
2021/03  Goryeong 26 13(500) 13(50.0) 0(0.0) 0(0.0) 0(0.0) 0(0.0) 0(0.0) 13(50.0)
2021/03  Changwon 36 4(11.1)  3(@83) 0(0.0) 1(2.8) 0(0.0) 0(0.0) 0(0.0) 32(88.9)
2021/05 Yangpyeong 6 0(0.0) 0(00)  0(0.0) 0(0.0) 0(0.0) 0(0.0) 0(0.0) 6 (100.0)
2021/05  Cheonan 14 9(643) 0(00) 0(0.0) 9(643)  0(0.0) 0(0.0) 0(0.0) 5(35.7)
2021/07  Yanggu 4 3(750)  2(50.0) 0(0.0) 2(50.00  0(0.0) 1(25.0) 0(0.0) 1(25.0)
2021/07 Yangpyeong 15 5(333) 0(00) 4(267) 1(6.7) 0(0.0) 0(0.0) 0(0.0) 10 (66.7)
2021/09  Cheonan 6 1(16.7)  0(0.0) 0(0.0) 1(167)  0(0.0) 0(0.0) 0(0.0) 5(83.3)
2022 44  28(636) 0(0.0) 14(31.8) 16(364)  0(0.0) 0(0.0) 2(4.5) 16 (36.4)
2022/05  Cheonan 25  14(560) 0(00) 0(0.0) 14(560)  0(0.0) 0(0.0) 0(0.0) 11 (44.0)
2022/07 Yangpyeong 19  14(737) 0(0.0) 14(737) 2(105)  0(0.0) 0(0.0) 2(10.5) 5(26.3)
2023 5 2(400) 0(00)  0(0.0) 2(40.0)  0(0.0) 0(0.0) 2(4.5) 3(60.0)
2023/07 Yangpyeong 5 2(400) 0(00) 0(0.0) 2(40.0)  0(0.0) 0(0.0) 0(0.0) 3(60.0)
Total 258  125(484) 74(287) 27(120) 52(202)  9(3.5) 17 (6.6) 2(08)  133(51.6)

Values are presented as number (%).

ZYMV, zucchini yellow mosaic virus; WMV, watermelon mosaic virus; MNSV, melon necrotic spot virus.
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Fig. 1. Virus symptoms of watermelon and muskmelon in naturally infected fields. Zucchini yellow mosaic virus (ZYMV) (A: Y1192-5; B:
GR212-7; C: CC203-4; D: YG211-2); watermelon mosaic virus (WMV) (E: YP215-1; F: YP221-6; G: GC192-16; H: CC191-2); melon necrotic spot
virus (MNSV) (I: YP191-10; J: YP231-3; K: CY203-20; L: CA222-7). Arrowheads indicate major symptom of each virus.

u} 347, W& 407))0]1] ZrHE-L 28.7%= LG tHTable 1).
7|0 Hi1E ZYMV strainE-2 F-E224 CP 7| 4E& 7|Rke
23 ASSE B4 A}A, B, C2 3719] groupo 2 B FE,
112 group A2 tHA] subgroup |, 11, 1, IVE A 23} chHCoutts
5 201). B A= ZYMVE P H isolates FoA
77Y isolate 52| F-&2 CP F7|A B A3 AollA g
ZYMV strains(Coutts 5, 2011) 3} A=A 9 AlEskd BEALS
E3) v|ast A3t 2E isolate5(CC203-4, GR211-9, GR212-7,
GR212-30, Y1192-5, YG211-2, YG211-6)°] group A2] subgroup
o] &5}= A2 = ERI%GITHFig. 2A). 7]&0] k=4 &
FEQE ZYMV strains-(Coutts =, 2011; Kwon =, 2005; Yoon
3} Choi, 1998) 3/ B Als)] 2 AB369279, AF062518,
AY278998, AY278999, AY279000-2 group A2] subgroup Il1o]|
2:3hir}. metA] Sk oA HHEHE ZYMVA group A2] sub-
group llI7} 22 o|2 L Ao g molt}. Al7}E 2 (AF014811,
X62662), 2= (EF178505, EU561045), H| EZ(DQ925447,
DQ925448, DQ925449, DQ925450, DQ925451) S-of| A E&| =
reference strains9°] 43t group B2} group Cofl&= 7]&9]
ol A B B 1% ZYMV strains3}t &2 H3129] ZYMV isolate
S0l 3R] Aqtk

WMV 2t XA AISs 2M. ZHgHfo|g|A g 9
A A|=(2587H) FollA] WMVZE ERR1E A= & 277l(=4 2374,
AE af)olH FHEES 12.0%%tH(Table 1). 7]&o] Hi1E
WMV straing> F522 CP d7|4¥E £4& &3 A, B, CY
3719] groupL. 2 B2 5] 9l om 1% group A2 subgroup
1,11, 111, IVE A B3HFEtHWang 5, 2017). £ Ao A= 107)

O] WMV isolate52] HEA CP g7|4¥EE A3 B 115 WMV
strains(Wang 3, 2017)1} A4 2 AlS e 42 AAst
STk 2 Ay} & A7) 1071¢] isolates 25 group Adf| &5}
= Ao 2 Y3 K hFig. 2B). 9719] isolate&(CC191-1, CC191-
2, GC192-10, GC192-11, GC192-16, GC192-17, YP215-1, YP217-
13, YP218-12)-& group A9] subgroup |22, isolate GC192-7
2 group A9] subgroup II2 EFE]%Ic} Group A2] subgroup
L =31(AY464948, EF122501, EF127832, JX079685)1} o] =+
(JX028594, JX028595)0| 4] 2] strainE=2 o] Fo]A gjom, &2
Aol 22lE 9719] isolateS0] o] 22 IF= Bt
212 53 TAVAT Erhe AL B4 gick

MNSV & ZAL U AISs B4, SHHE vlolgA~ e 9
A A& F MNSV o] Sl Al2& 3 5270 (58t 127], 2
£ 407H)ol T HE-S 20.2%= YEETHTable 1). 7]&0] B
1% MNSV strains2] 554 RdRp G714¥E-S B2 A=
AEstA B Alof w2, MNSV+= EU-LA genotype, JP melon
genotype, JP watermelon genotype group2] 3712} group 2.
2 Ba5]o] Qlth(Herrera-Vasquez 5, 2010; Mackie 5 2020).
H ALof|A= MNSVE 31 isolateS = 177 isolateS2]
HBZ RdRp G71AE-S A8 B 1% MNSV strains(Herrera-
Vasquez 5, 2010)3} 57 R AS3H £45 A5tk
MNSV isolateS 3 W2o]| 4] Ea]= 127](CA201-30, CA211-
14, CA212-4, CA216-2, CA222-7, CA222-9, CA224-1, CA226-
1, CY203-1, CY203-13, CY203-20, MNSV-CC-NW)= 4 E 9]
H 2of 4 B2]= reference strains(AB044291, AB044292,
AB250684, AB250685, AB250686, AB250687)1} Z+-2 JP mel-
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Fig. 2. Phylogenetic tree of zucchini yellow mosaic virus (ZYMV), watermelon mosaic virus (WMV), and melon necrotic spot virus (MNSV)
isolates. The phylogenetic tree was constructed with MEGA 11 program using the neighbor-joining method with 1,000 bootstrap replicates.
GenBank accession numbers of all reference strains are shown at the end of nodes. (A) Partial coat protein (CP) from seven ZYMV isolates
and 65 reference strains were analyzed. Red circles, ZYMV isolates from this study; black circles, ZYMV references; bean common mosaic
virus (BCMV), soybean mosaic virus (SMV), and WMV, outgroups. (B) Partial CP from 10 WMV isolates and 37 reference strains were analyzed.
Red circles, WMV isolates from this study; black circles, WMV references; SMV, outgroup. (C) Partial RNA dependent RNA polymerase (RdRp)
from 17 MNSV isolates and 16 reference strains were analyzed. Red circles, MNSV isolates from this study; black circles, MNSV references;

cucumber mosaic virus (CMV), outgroup.
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on genotype group2 2 753131, eEtof| A Z2E 5719
isolate=(CW213-1, YP191-10, YP216-10, YP231-3, MNSV-NS-
NW)-& A2 o] Z=rloj| A E2]= reference strains-(AB232925,
AB232926)1} 72 JP watermelon genotype groupl. 2 B
T IcHFig. 2C). EU-LA genotype group©]] £3}+= isolate= gl
Utk o] Aih= 2o A9} HRZ IR 2 gh=ofl Al 2] E MNSV
isolate=0] ZHst= 715l w222 AASEAT:

Hio|2{A St ZH BN, AFollA T AA| A= 2587)
Z ZYMV, WMV, MNSV 7] ulola]2 B3t 7Hg-2 287) A=l
A Yehgon, ZHEE-8 ZYMVAMNSY 6.6%, ZYMVAHWMYV 3.5%,
WMV+MNSV 0.8% & UrebgTtHTable 1). ZHgE0] 7 =&
ZYMV+MNSV] 7-9- 2020 54ofl A A Holl 4] et A=z
oA F3rom F 14707F B3t 7 Hol itk B WMVHMNSVE]
Ex‘;j— 7o A9 T R] ¢rof 2022y 7o oFE 2| oA A

213k 272] A|Zof At BEAE|QITE ZYMV, WMV, MNSV7}F 25
i?i FAE Alme A=A 3t

£ Aol A ZYMV, WMV, MNSVQ] B3} 7+ed #7327} ufo]
220 o= Yol ofet AT FEB Zpo|E HolA| oot

e 29 o= ofgfFol USAT: Hiol# 2 Ato] o] 4

A oA FF oIS E7Fs e e Aol vEhd
7] % 312 & (Syller, 2012; Zhang 5, 2001), 3% vt} 25 Hlo]

YA S0 A AL S B3} ¥R Al T 0 ok3L 2 o]5)I517] 9
AN H B AT B RO Bl
2

201992 E 20234714 97) A je] Seuh, WE B0l A
ZYMV, WMV, MNSVS] Z-<do] QAEE= A5 L 313519
th. 2} vho|2]£9] £o]A primerg& ©|-&3F RT-PCRS F3l
F 125709] Azl A] Blol2x Zhfo] ERIEI: A HES
ZYMV7} 28.7% 2 714 =9k o, MNSVE WMV} ZH2k 20.2%
2} 12.0% = YEFGTH ZYMV isolateE9] $-A % B4 A1}, A
E 04 77119 isolateE 25 group AZ &3 o, 7|0 B
115 SH=E reference strains3} 74| subgroup o] 3=
th. WMV isolates 5 97} 9] isolate 52 group A2 subgroup
o] &3F5 AL Y 2] 170= group A2] subgroup llof 3Z3+=|8]
ok MNSV+= seHbof| A E2)H isolate 53 B2 of| 4 E2]H iso-
atefEo] AFeIA02 S-Lx5lek & Aol Ao Ao o)
olelA50 B S SIsk AETE AL Salste] 4
o, el 12 7131 A ol xol ot 705 B2E 0
w3 4 sict
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