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Cucurbit chlorotic yellows virus (CCYV) is a plant virus that causes damage to cucurbit crops such as watermel-
on and cucumber, and is transmitted by an insect vector known as the whitefly. Since CCYV was first detected
on cucumber in Chungbuk in 2018, it has been reported in other areas including Gyeongsang in Korea. In
2020, we performed field surveys of yellowing diseases in the greenhouses growing melon and watermelon
in Chungbuk (Jincheon and Eumseong). Reverse transcription-polymerase chain reaction analysis of 79 col-
lected samples including melon, watermelon, and weeds resulted in detection of CCYV in 4 samples: Three
samples were singly infected with CCYV and one samples was mixed infected with CCYV, Cucurbit aphid
borne yellows virus, and Watermelon mosaic virus. The complete genome sequences of the four collected
CCYV melon isolates (ES 1-ES 4) were determined and genetically compared with those of previously re-
ported CCYV isolates retrieved from GenBank. Phylogenetic analyses of RNA 1 and 2 sequences revealed that
four ES isolates were clustered in one group and closely related to the CCYV isolates from China. The analysis
also revealed very low genetic diversity among the CCYV ES isolates. In general, CCYV isolates showed little
genetic diversity, regardless of host or geographic origins. CCYV has the potential to pose a serious threat to
melon, watermelon, and cucumber production in Korea. Further studies are needed to examine the pathoge-

Received February 21,2023 nicity and transmissibility of CCYV in weeds and other cucurbits including watermelon.
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ZhEZo st A4S d27l= A2 deRlthLecogot
Desbiez, 2012; Provvidenti, 1996). 1 = 3} 35} (Cucurbit
yellow disease, CYD) Cucurbit chlorotic yellows virus (8F
E E3}sHdto|g A, CCYV), Beet pseudo yellows virus (H| E
gkshafo|#)2), Cucurbit yellow stunting disorder virus (2}
Shshaks-Arofjufol2] 2, CYSDV), Lettuce infectious yellows
virus (G2 A8 8katol2|2) 59 CrinivirusZ:9] viol2| A
o} 143t ATo] 9yt (Keshavarz £ 2014; Wintermantel <,
2009, 2017). Crinivirus&-2] vlol#] A= AT S 2 2 Tl
7}5-0](Bemisia tabaci)o]| &3] AFE T CYD= A|F3l, &,
ofxJo} 9l ot 2|75 ZFHEH A|A| ofg] Aol ] WA}, o]
23t oo e AES G229 33 Qo] & A
YA, A0 B/ A5t 5 A 27 H FE A= A
2 4&Alo] B3kt Abrahamian S, 2015; Mansilla-Cérdova
5, 2018). T3 W WA 27|54 o] miadl, Bt 29 T %
& A Aoz 22157 flo Xeke] ofgf&o] Urh(Wisler
2} Duffus, 2001).

ol A= 6% o4 vholg|A7F WiahalFof 'WAYsto] o)
e F= Aoz IR UL, WE FIS 4= ¢
210 & 201549 Polerovirus%s Cucurbit aphid borne yellows
virus (HFtI G E ol 7] gstuto] 3 &, CABYV)7L H =ik
(Kwak 5, 2018; Lee 5, 2015). CCYV=2018'd ZE2|¥ 9] Qo]
oA A AGEULL, o] F BF=AY WA BiEich
(Cho &, 2021; Kwak 5, 2021). vlakzHE-of o} & 7}x] CCYV 9]
9] Crinivirus%:2] T2 vlo]g| Aof tfgtk 1= gith CCYV:=
Closteroviridaex}2] Blo]2 AR 2004 o)A A3 WAYs}
k. o]F F=, th9l, 2E|L, o)FE, wl= 5 ofH| 7L, oFA
o}, 4, otZE|7} A 97HR] A A A o= H e, uiaa)
£ o] A7, AFFolAfH] SollA e EelE|girt(Kavalappara
=, 2022; Kune 5, 2021; Okuda 5, 2010). CCYVol| ZH9=H =
2 Q0] o} % Re giZo 2 HEvkd U 5 S Hol
o, 2HA 9] AHEAdo] HolAl= A& 2 gtthOrfanidou 5,
2017; Wintermantel 5, 2019). CCYVE] A=< single-strand
RNAZ 1/J% RNA AH-E 7[X]H, 1671 2] i a-S oFs 3}a}
= 127119] 7§94 3= & (open reading frame, ORF)o] 323} &
0]9Jc} RNAT2] ORFla 2 ORF1b+: H}o]2|A RNA 342 o
Fol= SAlE A EAAE A2 3F3ITE RNA2= Hiol2| 2 o]
& AAES}, Guf7tRo] M B TS ke ot
3 Qe FAA e =2 p229} p24 T AL A E Yol A Hlolg
2 o]Fof| o, p5, p20, p26, p6 T L Hho| A YRS
gt = T EolTt pel Tl 2150 WY AAE o
Algte dl Holshe Btz dulFolr) Qjujthid e A=

Tl 2, vho]2| A RNAS E24 Bho|3 & RS ATt
(Okuda 5, 2010). Biotype BS} Q E}J2] guj7h=o]o] 23]
HrgsA o2 HPEral d#A AtHGyoutokuy, 2009; Li 5,
2016).

2 AFolA = 20209 FEASGY uF W HE ZA o)A
23 9 BHE S-S Hole AlEE RSt AAHE7IAE
(next generation sequencing, NGS) 24-& £3)| | 2-& Crini-
virus EA| o5 FRlekar, FEA 9| F7FAQ1 CCYV AR

39 8k 42 mopshaa sk

WELIRIE

HIO|2{AH A|ZXHE! L ISk 2020 5-9¢ F<F
A, 24 s Al 2ol A B3l 5 Hiol# A AL 54
= Holz "WE 614, 8 53 E W = 133G, U %
AW, THAE, TR R E, BEolRE, £501FE, 7
2) & 7989 ANEE YA BE, o, F2E 44 %
F29 2 ribospin plant kit (GeneAll Biotechnology, Seoul,
Korea)Z o]-&3}o] Total RNAS F&35}9ith 32 H total RNA
+ NanoDrop 2000 Spectrometers (Thermo Fisher Scientific,
Wilmington, DE, USA)2} TapeStation RNA Screen Tape (Agi-
lent, Santa Clara, CA, USA)S &-8-3) 228 =435lo] A3}
At A9tE total RNA= trupSeq Stranded Total RNA with
Ribo-Zero Plant kit (Illumina, San Diego, CA, USA)E o|-&
3] cDNAZ A3 © = (Macrogen, Seoul, Korea) H|£% 02
transcriptome De novo Sequencing (NovaSeq 6000, lllumi-
na)< 53l A/ readES assembledf| vholziA T {3
A& 2AHTE 1] AL CCYVE 3E3HEE NGSef|A] Z21E Hio]
P2k % Solmetolnlg ol gte] ulolis FPL Beldt
S th(Table 1). Reverse transcription-polymerase chain reac-
tion (RT-PCR)+= SuPrimeScript RT-PCR Premix (2 x) (GeNetBio,
Daejeon, Korea)2 ©]-235}o] cDNATHAE-S ¢35l 50°Cof| 4] 30
BT A2 3 95°Co)| A 1027t denaturation 21385} tHBang
= 2022). 183 95°CO)|A] 30, 55-65°COl|A] 30%, 72°Col|A]

22 2 353] HHESHGIT HHE o 72°CojlA] 527t exten-
sion ¥H-8-2 Z13)35}Ick RT-PCR AH&-2] 5 ulE 1% agarose gel
o H719F L o §3te] FF o g Bhelshick

2 o
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Table 1. Primers used for the detection of cucurbit viruses

Virus Name Sequence (5'—3’) Amplicon size (bp) Annealing temp (°C)

CABYV CABYV-u4 ACACGAGTTGCAAGCATTGGAAGT 457 55
CABYV-d3806 AGTATTCCAGAGCTGAATGCTGGG

CCyv CCYV_CP_for ACGCGCGGCAGAGGAATTTGT 373 65
CCYV_CP_rev CCCGGTGCCAACTGAGACACG

cmv CMV_RNA3_F TGGTCGTCCAACTATTAACCAC 321 58
CMV_RNA3_R TACTGATAAACCAGTACCGGTGA

CmEV CmEVF GGTGGAATATGGGTTGATGCTAG 412 58
CmEVR CGTCGTGATGGACATCAACTCTAC

WMV WMV-UNI-1F CAGTTTGAATCATGGTACAGCGC 392 55
WMV-UNI-TR TGTGCTATTGCTTCTCTTGCCC

CABYV, Cucurbit aphid borne yellows virus; CCYV, Cucurbit chlorotic yellows virus; CMV, Cucumber mosaic virus; CmEV, Cucumis melo

endornavirus; WMV, Watermelon mosaic virus.

Table 2. Primers used to amplify the complete Cucurbit chlorotic yellows virus genome

Segment Name Sequence (5'—3’) Loci Length (bp)

RNA1 CCYV_RNA1_1for GGAAATCAACACTCCTTCGT 1-20 3,103
CCYV_RNA1_3103rev CAGATCGAAAATATCATTCAACG 3,081-3,103
CCYV_RNA1_2739or CTGAGTATTACACACCATCGC 2,739-2,759 3,312
CCYV_RNA1_6051rev GGAGGTTATAAGTGCTAAACG 6,031-6,051
CCYV_RNA1_5800for GCATGAGGTACAAGGTGG 5,800-5,817 2,807
CCYV_RNA1_8607rev GGCCTAGCTATACTAATAAC 8,588-8,607

RNA2 CCYV_RNA2_1for GGAAATTATCCACGGTTTCC 1-20 3,038
CCYV_RNA2_3038rev CACTTTCCTTCAAACTCACC 3,057-3,038
CCYV_RNA2_2748for CGATCTTAAGCATTTACTAACTTACG 2,748-2,773 3,213
CCYV_RNA2_5961rev GCATTACTCCATGTTCTACC 5,942-5,961
CCYV_RNA2_5679for GGTTGTAGTAAATAATGGAGAGC 5,679-5,701 2,363
CCYV_RNA2_8041rev GSCCTAGCTATGCTACTAAC 8,022-8,041

RACE’ Oligo(dT)-anchor GACCACGCGTATCGATGTCGACTTTTTTTTTTTTTTITTV

PCR- anchor

GACCACGCGTATCGATGTCGAC

*Rapid amplification of cDNA ends (RACE) primers were supplied from 5’/3" RACE Kit, 2nd Generation (Roche).

AMV RT (Promega, Madison, WI, USA), Superscript lll RTase
(Invitrogen, Carlsbad, CA, USA), Ex Taqg DNA polymerase
(Takara, Toyo, Japan)E o]-&sto] AAISHTE &5 {44
AFES FPLE St F7IAE E48 Zeto|HE o865k
PCR 5-ZZ sI3itHTable 3). Hiol2| 29 Tk 7 ES
Okuda 5(2010)2] =2-& 2k115}e] RNA 1 573" race, RNA2 5
/3" race Zz}o|HE 0|83} 573" RACE Kit, 2nd Generation

kit (Roche, Basel, Switzerland)2 4335}tk === PCR Ak
E-2 Expin Combo GP kit (GeneAll Biotechnology)= A3}
& pGEM-T Easy Vector (Promega)o] 23t & =24 37]
£ Adbslo] F714E-8 dith(Biofact, Daejeon, Korea).

H7IME U AISUMSH FATAZN. ZF F7I4E 2
ORF-& Geneious Primex} MEGA-X X 2 132 0]-8-5}o] A
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Fig. 1. Diagram of genome organization of Cucurbit chlorotic yellows virus isolate genome. The open reading frames (ORFs) are indicated
by boxes and the noncoding regions are drawn by lines. Double-headed arrows indicate the location of the fragments amplified by poly-
merase chain reaction with each pair of primers.

Table 3. Nucleotide sequence of primers used for sequencing

Segment Name Sequence (5'—3’) Loci
RNA1 1-1 For GAGACCTGTTGATGTGTTAG 742-761
1-1 Rev GTGGACTCGGTGAAATC 1,733-1,749
1-2 For CATTACTCAACACAATAACCAC 1,593-1,614
1-2 Rev CTCATCTAACCTCAATACTGTG 2,533-2,554
1-3 For GGAGTTGATACGCATGAAC 3,473-3,491
1-3 Rev CCGAGAATATTGACGTGTC 4,361-4,379
1-4 For GTATCTTAGGAGTTACTGTGTC 4,243-4,264
1-4 Rev GGCAGTGTGAGTCAAAGC 5,213-5,230
1-5 For GAGAATGGTTGGCTTCAAGG 6,493-6,512
1-5 Rev CAATATGGTGGCTTTCAGG 7,499-7,517
1-6 For CACCAATCAGACGAAGAG 7,309-7,326
1-6 Rev CATTTCCAACGTGTTCAATTCG 8,048-8,069
RNA2 2-1 For CGTTATCAATCCGACAAGTTG 802-822
2-1Rev CGTAAGTACCACCGCCAAG 1,795-1,813
2-2 For CAGTACCAGCAGATTATAAGTG 1,637-1,658
2-2 Rev CTCTAATATACCATCCACACTA 2,571-2,592
2-3 For GTACACAGAAGATGACATTGC 3,449-3,469
2-3Rev CGAATCTCATCCAAGGAAC 4,428-4,446
2-4 For CTGTGTTAAGAGGTTTGATCC 4,289-4,309
2-4 Rev CTCGTCTGGTGATGGTTC 5,226-5,243
2-5For CCAGAACCAGTTAAACCAG 6,371-6,389
2-5Rev CCTAAAGTTCTATTGTTCTCGG 7,339-7,360

2-6 For CGGTATGAGCTTGAATGATG 7175-7,194




56 Research in Plant Disease Vol.29 No. 1

Table 4. Database accession numbers and isolate information for the complete genome sequences used in the phylogenetic analyses

Accession no.

Isolate Host Geographical origin Reference
RNA1 RNA2
- AB523788 AB523789 Melon Japan-Kumamoto Okuda et al. (2010)

CaF1-523_1 MW629379  MW629380 Melon USA: Georgia Kavalappara et al. (2021)
Georgia OM489400  OM489401 Raphanus raphanistrum USA Kavalappara et al. (2022)
W KY618798 KY618799 Melon Taiwan Unpublished
IL MH477611 MH477612 Watermelon Israel Luria et al. (2019)
GDXW MZ392422 MZ392423 Cucumber China Unpublished
CC-XH MT048668 MT048669 Zucchini China: Shandong Unpublished
SD MH819190 MH819191 Melon China: Shandong Shouguang  Unpublished
Rg MW768903  MW768904 Rehmannia glutinosa China Zhang et al. (2021)
Beijing JQ904628 JQ904629 Cucumis China: Beijing Unpublished
DSMZ PV-1020 MZ405663 MZ405664 Cucumis melo Sudan Unpublished

A71982 AT Alignmente} § 431 A% 242 9]
3| A mjELHAEA R AE|(National Center for Bio-technol-
ogy Information, NCBI)2] GenBank A}2] ¥7|A<o| gr&3l
CCYV 12 &&= tht A7IAE BEE st irHTable 4).
CYSDVE] H7] 4 E(NC_004809, NC_004810)2 outgroup .=
AHg-ste] AR} ofm|iAt A Al F A fFATAE
H A8 313tk Phylogenetic treet= MEGA-X X 2 713 9] 2| %]
nd 2715 $ bootstrap 1,0008H2-2 2 neighbor-joiningx}
maximum likelihood 2] B} © 2 4~8j35}ich

Zup 3 aF
M3 PoPPS QO volei2g 2Ak 913,
20204 5-104 Abo] 50 wat Fa Al 1A L LA

AN
o] Sula WE AL F ZASHGITE SoHEA

anue
oIAE ok % S S0l F B W, Sl

= 97 240 29 Aol ATt BRjo]2 Y ElE F4to]
ZE|QUTHFig. 2). 33} X B S S4S Hol= HE 6181 22}
0|4, B F/d= Hol= uF 539 I AlEE sl &
A k9] mlolg| A O FA4FE Hol= = 1338S Atk
Hholg|2 2XE &lsl] ffsf A, o1 A2 A4S e
© 2 30| th3l NGSE =33 om, ERlH Hiolz] 2= CCYY,
CABYV, Cucumis melo endornavirus (B2 = 2ufafo]g] A,
CmEV), Cucumber mosaic virus (0] AFo] FHfo]# 2, CMV)
Watermelon mosaic virus (G222 x}o] FHlo]g A, WMV)Fth
CCYV ©]9] Crinivirus%:2] THE Hiolg e SR1EA] Pt

Fig. 2. Symptoms of Cucurbit chlorotic yellows virus, showing yel-
lowing (A) and interveinal yellowing (B) on middle to lower por-
tions of a melon plant.

NGSOlA 1% 5% Hio]ZAE TS 2 RT-PCR Xt A}
A& 794 F BE 48|49t CCYV7L olEgla, a2 7+
Zo|| M= CCYV7F AAEA] ot B3t $4= Hol= ti 7
o] A] R A= CABYV, CMV 5 Th2 Hlo]gj A7} AghE|glch
HE2 617 = CABYVE= 67.2%, CMV 39.3%, WMV 37.7%, CmEV
3.2% H]&2 AAE ]I HA & 280 A WMV, CABYVZ| Z+
ZF A= dck 7 E(Acalypha australis) 1014 WMV, )& %
(Leonurus japonicus Houtt)ol| x| CABYV, |(Pueraria montana)
270 Al WMV7}F A= )ch(Table 5). CCYVE S5 2479
o) W& Aal 2 7 2o) A7 A= 104 % 4ol At Sl
F1, 48 F 372 COYVHETY, 138+= CABYVL WMV &
THHC = YERT:
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Table 5. Viruses detected in cucurbit crops and weeds collected in 2020 in Chungbuk

No. of total No. of samples positive by PCR
Host samples ccyv CABYV CmEV CMV WMV
Cucumis melo 61 4 41 2 24 23
Citrullus vulgaris 5 0 1 0 0 1
Acalypha australis 2 0 0 0 0 1
Cenchrus echinatus 1 0 0 0 0 0
Conyza canadensis 2 0 0 0 0 0
Lactucaindica 1 0 0 0 0 0
Lactuca serriola 1 0 0 0 0 0
Leonurus japonicus Houtt. 1 0 1 0 0 0
Oenothera biennis 1 0 0 0 0 0
Pueraria montana 3 0 0 0 0 2
Rorippa palustris 1 0 0 0 0 0
Total 79 4 42 2 24 25

PCR, polymerase chain reaction; CCYV, Cucurbit chlorotic yellows virus; CABYV, Cucurbit aphid borne yellows virus; CmEV, Cucumis melo
endornavirus; CMV, Cucumber mosaic virus; WMV, Watermelon mosaic virus.

A 65 - MT048668 B
KY618798
JQ904628
MW768903
MZ392422 |
MH819190
ES3R1
ES1R1
ES2R1
ES4R1
MH477611
AB523788 I
MZ405663
0OM489400
MW629379
NC 004809 Cucurbit yellow stunting disorder virus

MT048669
MH819191
JQ904629
MW768904 |
KY618799
ES1R2
ES2R2
ES3R2
ES4R2
MZ392423
MH477612
AB523789 1
MZ405664
OM489401
MW629380
NC 004810 Cucurbit yellow stunting disorder virus

Fig. 3. Phylogenetic tree based on nucleotide sequences alignments of the RNA 1 (A), RNA 2 (B) of cucurbit chlorotic yellows virus. The analyses
were conducted in MEGA X using maximum likelihood method and Tamura-Nei model with 1,000 bootstrap replicates. The percentage of trees in
which the associated taxa clustered together is shown next to the branches. Cucurbit yellow stunting disorder virus was used as an outgroup.
GenBank accession number used in the phylogenetic tree analysis: AB523788, AB523789 (Japan, melon), MW629379, MW629380 (USA, melon),
OM489400, OM489401 (USA, Raphanus raphanistrum), KY618798, KY618799 (Taiwan, melon), MH477611, MH477612 (Israel, watermelon),
MZ392422,MZ392423 (China, cucumber), MT048668, MT048669 (China, zucchini), MH819190, MH819191 (China, melon), MW768903, MW768904
(China, Rehmannia glutinosa), JQ904628, JQ904629 (China, cucumis), MZ405663, MZ05664 (Sudan, cucumis).

W 2o] 4 P& CCYV 47l EaZ(ES 1-4, CV201126-5~8) 25 7]Eo]] NCBI GenBankell 524 CCYV 127] B3¢} 497]
E] RNA 12 ¢k 8,606-8,610 nt, RNA 2= 8,041-8,048 nto] 2E  AY BEAZAT}, %2 ¢ QT 22| A] RNATS 99.6-99.9%,
A7) ES A5} tHGenBank accession nos. 0Q694041- RNA2:= 99.5-99.9% 2 ettt Al5sha B4 A3} ES 2
44, 0Q709406-09). 47119] ES #2]F2 Als 443 A7 FE2 Y IF2 2 YEEAL, $59] 20, 7714, WE,
ARSI, 5 Abolof 99.6-99.8% E& 4 E S Ut AR EEFER T2 IF2 2 YEhgth vho| nl=, 42,
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ok, Ol*ﬁ}?-l_l 2R gE ago= Ura}km Fig. 3). RNA
1,2 55 53 BelR 53 M £ S AERE BAoU, Ul
A B2FEQ 2H0)7} 1% v|ghe 2 vhofth 2020 5 W2
BelRE g Cpe Wkt @A COYve §AE
wlol7} 21.7) Tk eiA AL, 715 W A2 Azie} Akl
o] S-ALAo| =9kth= A3y} B 115 9ick(Orfanidou 5, 2017).

S ke £3) BRI Fohge] Fa UL AT
&o| Wj7lSt= CABYVE Q1A E o] o), 2018H FHA|H &
olell 4l CCYV BHelslol] we} 27bael 2P} Waskyt 1
20| A9 CCYVZE A HaE o] uljd Bl Z-Fof A
CCYV7} =9Itk stk (Orfanidou 5, 2017). 20208 =&
A 2134, 5739 W2 A CCYV YL 6% Fe 2 =4 &
UAIT, =W EntEo| A WASH= Crinivirus< Tomato chlo-
rotic virus (ERFE E|SH}o|2] &) A1 710 & B8 St
9] 93 Xo] =& Ao Z Thstth(Kwon 5, 2022). Crinivirus
= Potyvirus, Ipomovirus% Z3E oy O E &9 vloly A
o B3t gE o] M, 44 Ho] 4 AFas 7Y A2zt
Lo 711:]-_1_ B 159 cHGil-Salas 5, 2011; Wintermantel 5,
2008). = EXY "2 A5} A0]42] CABYV 2 WMV 1}
s ERIstAARE H=o) CCYV A A 55t
7190 A4z 7} RS shek Dol ofesba AR E B4l SR
CYSDV & Cr/n/wrus—’*—iﬂ T2 vlo]YA9] f919] 7HeAE QL
7] w ol 707} 2k Bk 2|4 21<) vholeiAng WAy )
B, 432 O R §74 Wl B4 U ofat 59 714l
a7 Bag Ao 2 A4

o
i

12

Cucurbit chlorotic virus (B}T}E] & 3}3luto|2 A, CCYV)=
gt 0] 59 HiapabE o] Fe v|A = AlEHtolg A s '
v 7} o] &fsf| MRbETh 2018 F-5& Qo]o|A A3 Xtk
H o]F AT T HhE AYolA e B s gtk 20209 F
5 XA, S8AGY vt atE 2419] 3} vpol2| A AL

A EE, L F2 5 QPR F 794 =2 HiF CCYV So
Zlo|HE 0|83t reverse transcription-polymerase chain
reaction A3} WE 47} 9] AlgZoj|A] CCYV7} &2l 34
2 CCYV ©@=714, 138+ Cucurbit aphid borne yellows virus
9} Watermelon mosaic virus 8- 0 2 Uelyth 4719
CCYV ES E2]FZEE RNA 1, 29] AAA S 4L, o]A
o]l GenBanko]] 1% CCYV E8FE G7|4ES E451%
T} MEGAZ 0] 4:5}0] A5 2427} ES HelE & shje] 1
Fo2 Uy, £3 BelRET WHg Bl Usit €S

HelRE G4 chopiol e R0 ek, Ao R

CCYVL 715 2 2|24 7]ef whet -4 thekdol A9 9

ATk CCYVa= Hfak2hE Aol Alzhet $1gol 2 7He/dol S
t} 28k Az =2 233} ohokst CCYV B2l uist 5

A, 7ho] HY %«l EAo tigt 71421 A7t Zas)ck
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