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In July 2020, total RNA was extracted from passion fruit (Passiflora edulis) leaves showing virus symptoms
such as chlorotic spots and vein banding in Haenam, South Korea. Cucumber mosaic virus (CMV)-HN2 was
identified through reverse transcription polymerase chain reaction and sequencing analysis. To confirm the
biological characteristics of the CMV infecting passion fruit, 10 indicator plants were inoculated with CMV-
HN2, and the results showed a typical CMV symptoms. Phylogenetic analysis based on the amino acid of the
coat protein (CP) of CMVs revealed that the CMV passion fruit isolates belonged to subgroup I, among which
CMV-HN2 belonged to subgroup IA. Additionally, CMVs isolated from passion fruit in Korea have amino acid
sequence variation between the subgroup. Among them, CMV-HN2 had four to eight amino acid differences
in CP from other CMV isolates from passion fruit. These results confirm the presence of genetic diversity in the
CPs of passion fruit CMV isolates.
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Table 1. List of primers used in this study

Virus Primer® Sequence (5—3°) Size
Cucumber mosaic virus (CMV) CMV-CP-F TCAGACTGGGAGCACTCCA 657 bp
CMV-CP-R ATGGACAAATCTGAATCAACCAG
East Asian Passiflora distortion virus (EAPDV) EAPDV-F CACAATACCTCAGTGAGAATG 759 bp
EAPDV-R GTGTAGACGATCTCTGCATAGAG
East Asian Passiflora virus (EAPV) EAPV-F GTTGATCAATTGTCGCGTCT 1,062 bp
EAPV-R CAACCTTTGTGCTGTCAAATTC
Euphorbia leaf curl virus (EULCV)° EuLCV-F AGTGGTCCCCCCTCCACTAAC 343 bp
EuLCV-R CAGCCTCCGTCGAACCTTCG
Jatropha mosaic virus (JMV) JMV-F GCCAATTATTCTCCTCGATCAG 434 bp
JMV-R GTTCTTAACCGTGGCAGTACTGG
Papaya leaf curl guangdong virus (PaLCuGdV)” PaLCuGdV-F CGTTTGGTACTCCCCAAGA 254 bp
PaLCuGdV-R CAACAGCAAAGCATTCTCAGT
Passion fruit yellow mosaic virus (PFYMV) PFYMV-F CCCTAAAGCACTCTCTGAC 860 bp
PFYMV-R CCTGGTGTAAGTGAACAGGGC
Passion fruit woodiness virus (PWV) PV ATGCACCATITCTCOGACGE 479 bp
PWV-R CCAATAGTATAAACCTGGTGGC
Soybean mosaic virus (SMV)* SMV-8535F1 TCAGGCAAGGAGAAGGAAGGAGA 795 bp
SMV-9329R1 CTGCGGTGGGCCCATGC
Tomato yellow leaf curl virus (TYLCV) TYLCV-P1V-F ATACTTGGACACCTAATGGC 412 bp
TYLCV-P5C-R AGTCACGGGCCCTTACAA
Zucchini yellow mosaic virus (ZYMV) ZYMV-F GTTACAGGCTCCGGCTCA 345 bp
ZYMV-R TCCATTAATGTCGGGTGAAGTGCC

*Primers were designed based on the nucleotide sequences of viruses registered in Genbank.

®Jeon et al., 2022.
‘Joetal.,, 2020.
pakkianathan et al., 2015.
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Fig. 1. Viral symptoms (chlorosis, vein banding) were observed on
leaves of passion fruit in Haenam, Korea.

12 34 5 6 7 8 910 11 Pc Nc

657 bp

Fig. 2. Detection of viruses in symptomatic passion fruit leaves in
Haenam, Korea by reverse transcription and polymerase chain re-
action with 11 specific primer sets. Lane 1, cucumber mosaic virus;
Lane 2, East Asian Passiflora distortion virus; Lane 3, East Asian Pas-
siflora virus; Lane 4, euphorbia leaf curl virus; Lane 5, jatropha mo-
saic virus; Lane 6, papaya leaf curl guangdong virus; Lane 7, passion
fruit yellow mosaic virus; Lane 8, passion fruit woodiness virus;
Lane 9, soybean mosaic virus; Lane 10, tomato yellow leaf curl vi-
rus; Lane 11, zucchini yellow mosaic virus; Pc, positive control; Nc,
negative control.
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Table 2. Host reaction of indicator plants infected CMV-HN2

Symptoms of leaves®

Family Host "
CMV-HN2 CMV-Fny
Chenopodiaceae Chenopodium quinoa NS/- NS/-
C. amranticolor NS/- NS/-
Cucurbitaceae Cucucrbita pepo cv. CS/Chl,M CS/M
Jeongilpum
Cucumis sativus cv. +/M CS/M
Daeseon
Solanaceae  Nicotiana benthamiana +/M +/M
N.tabacum cv. Xanthinc +/M +/M
N.tabacumcv.Samsunnn +/M +/M
N. rustica +/M +/M
N. glutinosa +/M +/M
Capsicum annuum cv. +/M +/M
Cheongyang

CMV, cucumber mosaic virus; NS, necrotic spots; -, not infected; CS,
chlorotic spot; Chl, chlorosis; M, mosaic; +, symptomless.
“Inoculated leaves/upper leaves.

®Kwon and Hong, 2017.
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O CMV GX1(MN397252) =
O CMV GZ(MH623077)
O CMV JDGYYXi(MW495062)
O CMV JDGYXSBN(MW495063)
O CMV Yecheon(OM621808)
CMV SD(AB008777)
CMV NT9(D28780)
CMV Tn(Y10886) -
CMV Mf(AJ276481)
O CMV PV-0445(KU976477)
CMV Fny(GU453918)
O CMV HN1( LC654688)
9p 'O CMV KoPF(KR535607)
@ CMV HN2(LCB54689)
56 L— CMV Y(M57602) -
CMV Ly(AF198103)

% LT CMV Trk7(L15336)
551 CMV LS(AF127976)

Subgroup 1B

44

Subgroup IA

Subgroup Il

Fig. 3. Phylogenetic analysis of coat proteins (CP) of cucumber mo-
saic virus (CMV) at amino acid level. ®, CMV-HN2; O, another CMVs
isolated from passion fruit. Phylogenetic tree was carried out using
the maximum likelihood method and 1,000 bootstrap replicates
were used by Clustal W in MEGA 7 software.
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Fig. 4. Comparative analysis between coat proteins (CP) of cucumber mosaic virus (CMV) isolated from passion fruit. (A) Pairwise alignment
analysis of CP at nucleotide level. (B) Alignment analysis of CP at amino acid level. Dots indicate amino acid identities and asterisks indicate

stop codons.
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