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Physiological Characteristics of Melon Plants Showing Leaf Yellowing
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Abstract: Melon leaves showing yellowing symptoms were analyzed using electron microscopy and RT-PCR for major cucurbit-
infecting-viruses (CMV, MNSV, CGMMV, SqMV, WMV, KGMMV, PRSV and ZYMV) reported in Korea, but these viruses were not
detected. As the result of further analysis by next-generation sequencing (NGS), the virus was identified as Cucurbit aphid-borne
yellows virus (CABYV), and then confirmed by RT-PCR using CABYV-specific primers. When photosynthetic capacity was measured
based on chlorophyll fluorescence yield (ChlFY), the leaves of the diseased plants showed 4.09 umol'm’z-s‘l, which was one-third
of the readings observed for unaffected normal plants (12.36 pmol-m™-s™). The root functions of plants affected by leaf yellowing
symptoms (LYS) was 0.28 mg: g'l, about half that measured for the normal unaffected plants (0.48 mg- g'l). Cytological observations
revealed that there were no morphological differences in the palisade parenchyma and mesophyll spongy cells of the leaves
between the diseased and the normal plants. However, the same leaf cells of the affected plants contained more starch granules

compared to those of the normal, unaffected plants. We conclude that the LYS of muskmelon is not merely a physiological
disorder but a viral disease caused by CABYV and spread by aphids.
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A AR = BiaabEoA B Hlell= Cucumber
mosaic virus(CMV; Enzie, 1943), Watermelon mosaic virus
(WMYV; Diaz-Pendon et al., 2005), Cucumber green mottle
mosaic virus(CGMMV; Rajamony et al., 1987), Melon necrotic
spot virus(MNSV; Choi et al., 2003; Kim et al., 2008; Kim
et al., 2012), Squash mosaic virus(SQMV; Avgelis and Katis,
1989), Papaya ringspot virus(PRSV; Bateson et al., 1994;
Grafton-Cardwell et al., 1996) Zucchini yellow mosaic virus
(ZYMV; Dukic et al., 2002; Papayiannis et al., 2005; Vucurovic
et al., 2009), Kyuri green mottle mosaic virus(KGMMV;
Choi, 2001; Tan et al., 2000), Cucurbit aphid-borne yellows
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mapping Coverage > 90%, average mapping depth > 10x&
3= reference virus sequence % 73 =2 mapping
coverage?} depthE Ho|= AJPUAE S H Hjo|B AR AW
SHATE o|2A| A virus sequence?}t NGS HoJHE o]
5}4] genome re-sequencing< 3§51 S (Carver et al.,
2010; Li et al., 2009; McKenna et al., 2010), Ho|& 2=}
a1 o] BHo]Q} reference virus sequenceE ©]-8-3}0] AlE U
ol ZgHElo] 9l virus $ARI) A714BS ATAS A
A3 virus sequence= AlE F+ATA 1S fI5ke] 7]
Zof 4R & F79] virus complete sequence?} 7|
phylogenetic £4Jo]] ARE-E|ITt) Phylogenetic treer= Mega
6.0(Tamura et al., 2013)2 ©]-&3to] == 21 muscle

sequence alignment, neighbor Joining method with bootstrap

= 2}.0
o%‘é‘

-
©

lo oy oY
o 08 © on
o = i Hr

)
¢

il

40
ol
N
2
X -
:“.:

IlluminaA}

1,000%, maximum composite likelihood 7]HF2] consensus
tree2 H4 %]t} Bioinformatics £41-2 E3) s vlo]
20| RT-PCR Aghy 218 S84 CABYV Sol g}
o|ME Aus}gItKFig. 1). RT-PCRE total RNA 1pLS A}
&3to] 10umol “5=2] FRaF AR%) primerS 212} 0.50L,
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3] NI %, opAjuro @ 7°CoA] SEZE RS AIZTE PR AboR ehiEal wele] Wee ARk B
AHE2 1% agarose gelo| A 6057F 27|95 & ethidium AL 333 =2 7|(L1-6400, Portable photosynthesis system,
bromide 2 HM3to] UVH sfo|A] &elskgich LI-COR Inc., Nebraska, USA)E AR&5}o] AAFA 1} 3kl

HE oSl W ZhA) dat A e ole T = 254 3k o 7 ARSIl B £4719 54 =

T

5| ORFO | ORF2 | [ ore3 | ORF5 I
\ ORF1 \ ORF4 e

CABYV-u — <— CABYV-d

| GCTAGAAATCAAAATGCAGGGAGGCG | | AGTATTCCAGAGCTGAATGCTGGG

Fig. 1. CABYV specific primer design.

Fig. 2. Typical yellowing symptoms of the musk melon leaves. A, Healthy; B, Mild; C, Severe yellowing symptom.

Table 1. Cucurbit-infecting viruses reported in Korea.

Virus Genus Primer name Primer sequence (5'—3') Product size Particle
. MNSVpu5 TGGAGGTAYATGAATGATAC .
MNSV Carmovirus 535bp Isometric
MNSV pd5 TAGGCGAGGTARGCRGTTTC
) CGMM-N30 ATGGAACGTACCGGAATC
CGMMV Tobamovirus 609bp Rod-shaped
CGMM-C60 AATTAAGTAAAGTCCTGACG
. SqMV 1F TGGAGAGTTTYCCCCACAAG .
SqMV Comovirus 491bp [sometric
SqMV 1R TTCTTCCAAGCAGCCACTTT
KG-N60 AGTCGCGCATTGCTGCTTTGAT
KGMMV Tobamovirus 403bp Rod-shaped
KG-C10 GAGAACTTACAGATAG
ZYM-C10 AGGCTTGCAAACGGAGTCTAAT
ZYMV Potyvirus 510bp Filamentous
ZYM-N50 TATATAGAGATGAGAAATGCAGA
WMV-UNI-1F CAGTTTGAATCATGGTACAGCGC
WMV2 Potyvirus 392bp Filamentous
WMV-UNI-1R TGTGCTATTGCTTCTCTTGCCC
. PRS-C10 AGACTCAGAGAACTCGAAT .
PRSV Potyvirus 610bp Filamentous
PRS-N60 CAATTTGAGAAGTGGTATGAG
CMV DP ul CGTCGTGGTTCCCGCTCCG
CMV Cucumovirus 473bp [sometric

CMV DP d2 AGCGCGCATCGCCGAAAGAT
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Ao 2 25°C, ASE 60%, CO2 SE= 400ppm, ZoF
© 1,000umol-m”-s' & BT} Majo] B2l A= Berridge
et al.(2005)9] W oz s3], WAE 24 ollA 23}

S/dFig. 2)& HQl A3 A 5 der 254
3o = 2ARILE B AT = 8k 35 ol HAF
SAe& 1 50cm, zlo] 30cm 919 HeE AfFsto]
2 =20 A2 & 4o o]&skeltk el Alme Al
oF 0.5em Zo]2 Aekato] FUH Eatat T 0.1gS
Z]3}o] test tubeo]] ¥l ImLO] ZF49} £315F & Premix
WST-1 cell proliferation assay system(Takara Inc., Tokyo,
Japan) AJ°F 10uLE 715kt o] 7e e 25°Cof A 3
AlZF ZoF HF3-A|7] 3 ELISA reader(Microplate Spectro-
photometer, EonTM, BioTek Inc., Vermont, USA) & ©|-8-35}o]
ST 20nm= FA493199T) Premix WST-1 cell proliferation
assay system A|2F 10uLE FF5o] £35F5to] blank =2 ©]-&
shleh Az Aul7 g Chang(1973)9] WHlo s
Stl=d], HF T AL 12} AN 2.5% glutaraldehyde o]
2 SA| BE L 4°CollA] JgEgleon] 12} 127 90
E7F Z2], 0.1M phosphate buffer(pH 7.2)2 158 7H2 4-5
3] MA, 22 1A 1% osmium tetroxide 9027+ & 2], <}
U AH Y & s AT gaee Ao
A1 40, 60, 80, 90, 95% ethanolZ ZFz} 524 100% ethanol
25,15, 15, 3087 A2 o]Fo{% S propylene oxide
2 X3 & 2E2FH 07 epono] 3Euf(embedding)dlo] 60°C
o] @ BoA 4L FAIFTE STH epon blockS Z1]|

o [ob it

s Lo

A|ZA# 7] (Ultracut R ultramicrotome, Leica Mycrosystems,
North Ryde, Australia)E ©]-8-5F0] 1,500nm e} FA &2 Al&
£ A3t periodic acid and Schiff’s reagent G O =
FAEE & g5t n] 7 (Axioskop 2, Carl Zeiss, Oberkochen,
Germany) 1008]2 738}k
Qo] FEE SR e <13
& A F3ked 80°C7} FAE= A%
R pREo|q B0 ARt Al
SHEAH(NIAST, 2000)2] 4124 240
S$E417](AA-6800, Shimadzu, Kyoto, Japan)
skt
EAEAL SAS ZEIHWSAS 9.2, SAS Institute Inc.,

BAE FuA ool AFE PSS Hole HE of
stof MAtdud A4 W = Hal(Ryu, 2009)% Hhat 2
A Hiol#A 8F(CMV, MNSV, CGMMV, SqMV, WMV,
KGMMYV, PRSV, ZYMV)o] th3] RT-PCR%} A}, Hlo] ]
27) AetE] ] 9koktidata not shown). ©]of Zufjo]] H %]
A o Mz vhelg Az o E o] AT A 7] A
HEANGS)= ol-gato] eket Axf, Wakxl sl Zul 7)ato]
HA(CABYV)Z HAE L, A contig sequenceE A5

Fig. 3. Symptoms in melons infected with Cucurbit aphid-borne yellows virus. A, Infection on 20 days after transplanting; B,

Infection on 60 days after transplanting.
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A% A3 CABYV dZof|A] Hirgl Hpo]2]2e} 4154 Ao 2Ry o} TS Hols A= 242 8353 CABYV

o] &2 Ao FIEQIcKTable 2). o] EEPO]IHE °]-§-5to] RT-PCRYF 23}, XF= CABYV
CABYV A Zeto|o] % CABYV Sof ZejolnlS A o] SelslglrkFig. )

aF5}o] BF3l=AlFig. 3)2 Kol JLulofA zH-r]ﬁP w2 2] CABYV+ Luteoviridae} Polerovirus<:of] £31= 27

o]

=

H4= 4

AL YA 152 BE 30101] ofsiA Feksid= S Aoz dHA lem, Zrfi(Lecoq, 1999)014 A3
H

g3t A3, 20740] CABY Vol el Zl& &g 23nmo| Fulo| AR AtlEe] Qi FEAAeED)

1

Ao 2 AdEItFig. 4). T3t AE J9 =4 AoF Ry o]3 ojgrz]olTomassoli and Meneghini, 2007), 2~

Table 2. List of candidate complete genome sequencing of melon sample.

D Description

gi|113460144|ref|NC_0083101) “Hibiscuslatent Singaporvirus, completegenome”
: gllls?dzozlllghEUGOOﬂEllCucurblta-phld bmllom vnmscnmple‘egenanw"
é gi|194320363|gb|EUG636992.1) Cucurbitaphid-boyellows virus from China: Xinjlangcompletegenome E
. SRPRSOTEORINE.S0EEL o oeeeeeeeeeeeeeee e ememeeeee e e e nne UG EOPE BSOS, VNS SOMBIERRORNE e eeereeceremaeaat

gil226426425|gb|FI751927.1) “Citrus exocortivucatan viroid isolate 9, completegenome™

gij226426428|gb|F)751930.1) “Citrus exocortivucatan viroid isolate 12, completegenome”

gi[226426431|gb|F)751933.1) “Citrus exocortivucatan viroid isolate 15, completegenome”
~* giI9ss1deTigbeQadizada] T T I e  fycarbitaphid-boyellows wirus ieolate CABYV-JAcompletegenome s,
f gi[295675094|gbjcQ221223.1| Cucurbitaphid-boyellows virus isolate CABYV-Flcompletegenome ':
é gi|336444806|gb|HQ439023 1| Cucurbitaphid-boyellows virus strain CABYV-CZcompletegenome i
é gi|388325674|gb|JF939812.1| Cucurbitaphid-boyellows virus strain 5q/2003/completegenome E
: gi|388325686|gb|JFa39813.1) Cucurbitaphid-boyellows virus strain $q/2005/completegenome E
é gi|388325696|gb|JF939814.1) Cucurbitaphid-boyellows virus strain $g/2004/completegenome E
gi|392328722|gb{}Q700305.1| Cucurbitaphid-boyellows virus isolate CABYV-C-completegenome
L GEOBRGIIO0RY e, Slcebiaghi boyelous vius soate CABW-R-compltegenome

gi|392718241|gb|)N606110.1| Cacao swollen shoot virus isolate CI152-09completegenome

Qij41353207|gblAY513268.1 “Citrus exocortiviroid, completegenome™

gij440496637|gb|x997952 1 “Garlic virus A isolate WA7, completegenome™

gi|540270988|gb|KC427105.1| Citrus exocortivucatan viroid solate CEYVd-WAcompletegenome

gi|564886468|gb|AF395898.3 “Hibiscuslatent Singaporvirus, completegenome®

gi|58119512|gb|AY7859137.1| "Dulcamarmottle virus, completegenome”

gi[75905689|gb|AY147260.2| “SclerotisclerotidebilitaRMA virus, completegenome”

gi[79676039jemb|AM109896.1 “Pepino mosaic virus completegenome, isolate SM.74”

gi[86651786|gb|DQ318792.1| “Citrus exocortiviroid clone 2/5, completegenome™

gi|86651787|gb|DQ318793.1) “Citrus exocortiviroid clone 5/5, completegenome”

gi[9623160]ref|NC_001747.1 “Potato leafrollvirus, completegenome”

11 12 13 14 15 16 17 18 19 20 21 N ‘==

el e I

Fig. 4. RT-PCR results of melon using the CABYV specific primers. N, negative control.
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Table 3. Effect of yellowing symptoms on the photosynthetic
rate and root activity in the melon plants.

Photosynthetic rate  Root activity”

Treatment (umol-m™-s™) (Absorbance)
Normal 12.36 0.484
Yellowing symptom 4.09 0.284
Significant ok ok

***Signiﬁcant at the p < 0.001, respectively, by t-test.
“Root activity is calculated by changing in WST-1 formazan
absorbance measured after three hours.
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Fig. 5. RT-PCR results of cultivated melons at Namwon and Cheongyang using the CABYV specific primers. N, negative control.

Fig. 6. Cross-sections of leaves from the normal melon plants (A), and from affected plants showing yellowing symptoms (B)

collected at the fruit setting stage.



216 Kor. ]. Hort. Sci. Technol. 33(2), April 2015

Table 4. Effect of yellowing symptoms on the mineral concentration in the melon leaves.

Concentration (mg-kg" dry wt.)

Treatment

K Ca Mg Na Fe Cu Zn Mn
Normal 26,891 69,608 16,443 776 258 10 59 79
Yellowing symptom 17,691 35,755 8,588 357 11 5 29 37
Significant *ok ook ok *k ook Kk *% ok

**'***Significant at the p <
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