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Molecular identification and sequence analysis of the pathogen causing

Kiwano melon (Cucumis metuliferus) virus disease in Fujian
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Abstract: [Objective] Kiwano melon (Cucumis metuliferus) is popular among consumers at home and
abroad because of its new exotic shape and unique taste. In recent years, the promotion and planting ar-
ea of Kiwano melon in China increased rapidly, and the harm of virus disease increased year by year.
The purpose of this study was to provide a theoretical basis for the identification of the types of virus
diseases in the planting base of Kiwano melon in Sanming city, Fujian Province, and for the effective
prevention and control of virus diseases. [Methods] In this study, the pericarp of Kiwano melon was
used as experimental material. Reverse transcription- polymerase chain reaction (RT-PCR) was used to
identify the infection status of seven common Cucurbitaceae viruses in Kiwano melon, including Zuc-
chini yellow mosaic virus (ZYMV), Watermelon mosaic virus (WMV), Pumpkin mosaic virus (SQMV),
Papaya ringspot virus (PRSV), Cucumber mosaic virus (CMV), Turnip mosaic virus (TuMV) and Cu-
cumber green mottle mosaic virus (CGMMYV). We selected six tested samples and used disposable surgi-
cal blade to cut the pericarp with lesions, each sample 0.2 g. After quick freezing in liquid nitrogen,
they were stored in —80 ‘C ultra-low temperature refrigerator. Total RNA was extracted from the peri-
carp of Kiwano melon by TTANGEN RNAprpe Pure Plant Kit (Polysaccharides & Polyphenolics-rich).
The OD value of total RNA was determined by Thermo. For qualified total RNA, the first strand cDNA
was synthesized by the TransGen (TransScript® II One-Step gDNA Removal and cDNA Synthesis Su-
perMix) kit. The synthesized cDNA was diluted five times as the template for subsequent PCR. Accord-
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ing to the corresponding coat protein gene sequence published in NCBI, the virus specific primers were
designed in the conserved region of the gene by multiple sequence alignment. ZYMVCP-F/ZYMVCP-
R primers were designed at the head and tail of ZYMV coat protein gene to amplify the full length of
ZYMYV coat protein gene. The PCR reaction system was as follows: 2xPremix Taq 12.5 pL, upstream
and downstream primers (10 umol- L") 1 uL, cDNA template 1 uL, ddH,O added to 25 uL. The PCR
procedure was as follows: pre denaturation at 94 °C for 3 min, denaturation at 94 ‘C for 30 s, annealing
temperature set according to Tm value of primer, extension time at 72 ‘C for 60 s, and extension at
72 “C for 5 min after 36 cycles. And then, PCR products were detected by Electrophoresis with 1% aga-
rose gel. The coat protein gene sequences of ZYMV from different countries, regions and plants were
downloaded from NCBI, and the evolutionary tree was constructed by MEGA-X software. [Results]
The specific bands of ZYMV (284 bp) and WMV (485 bp) were obtained from all six samples. The ob-
tained bands of ZYMV and WMV were cut and recovered respectively, and then TA cloning was car-
ried out with PMD 18-T (TaKaRa) as vector. After sequencing, it was found that the amplified band
length of ZYMYV was consistent with the expectation, but the band length of WMV was 39 bp less than
the expectation. The results showed that the six samples were only infected with ZYMYV. The full length
of coat protein gene of ZYMYV was obtained from six samples by the designed specific primers ZYM-
VCP-F/ZYMVCP-R, and the sequence matching degree between the obtained coat protein gene of
ZYMYV and that of WMV was 100%, which further proved that the band amplified by WMV primers be-
longed to the coat protein gene of ZYMYV. The results showed that six samples were only infected with
ZYMV. ZYMV and WMV are both Potyvirus. The sequence similarity of their coat protein gene was
about 64%, and the protein sequence similarity was about 68%. Therefore, it is difficult to distinguish
ZYMV and WMV by designing primers in the conserved region of coat protein gene. This would be the
reason why WMV primers could amplify bands. PCR combined with gene sequencing could effectively
distinguish similar viruses. Phylogenetic analysis showed that ZYMV was widely distributed; 61 iso-
lates could be divided into six groups, and there were some regional differences in the distribution of
different genotypes. The coat gene of ZYMV (MZ271862) isolate from Fujian Province was located in
the branch of ZYMV- I, which was dominated by the domestic isolate. The isolate from Guangxi Sirai-
tia grosvenorii (AJ889244 Guangxi_ Siraitia grosvenorii) was the closest relative. The protein se-
quence similarity was 99.28%, and only two amino acids were different. Therefore, ZYMV of Fujian
Kiwano melon might be transmitted from Guangxi Province. [Conclusion] Generally, fruits are better
preserved than leaves, so it is of great significance to use the peel as the test material to study the virus
infection. The tested samples were only infected with ZYMV. The infection of Kiwano melon virus dis-
ease in Fujian Province was studied for the first time, and the evolutionary origin of ZYMYV of Kiwano
melon in Fujian Province was clarified, which could provide theoretical basis for further study on the
distribution and effective prevention and control of Kiwano melon virus disease.
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The red mark is the diseased spot of Kiwano melon.
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Fig. 1 Diseased fruit of Kiwano melon infected with ZYMV
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Table 1 Information of primers of RT-PCR

i H K S1FE 51 HI R Bz TR
Viruses and produce gene Primer sequences (5 to 3”) Produce size/bp Annealing temperature/C
ZYMV F: ATGCAGAGGCACCATACAT 284 57.0
R: TACTGCATTGTGTTCACACC
WMV F: CCAGTGGCAAAGGTGATA 485 57.0
R: TGCTGCGTCTGAGAAATG
SqMV F: GCGAATTTTTGACGGCATG 648 57.0
R: GTCTGGAAAGCCCAACTGGA
PRSV F: GGCAGAAGCATATATTGCAAA 512 58.0
R: GGCTCATTCTAAGAGGCTCG
CMV F: GATAAGAAGCTTGTTTCGCG 322 57.0
R: GCTCGATGTCGACATGAAGT
TuMV F: GGAGGTGAAACGCTTGATG 864 57.0
R: TAACCCCTTAACGCCAAGTA
CGMMV F: CCGAACTTATTGCGTTTAGTG 446 58.0
R: CCGTTTCGAGGTGGTAGC
ZYMV CP F: TCGGGCACTCAGCAAACTGTG 837 57.7

R: CCGCATCGTATTCACACCTA
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M. Marker DL2000; 1~6. ‘K Z ¥ i o
M. Marker DL2000; 1 to 6. Kiwano melon samples.
2 ASRHLE RNA TGN
Fig. 2 Detection of total RNA integrity in Kiwano melon
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M. Marker DL2000: 1~6. ‘K Z K .
M. Marker DL2000, 1 to 6. Kiwano melon samples.
3 ASR#ERPHFEHH RT-PCR &l
Fig. 3 RT-PCR detection of viral diseases in Kiwano melon samples
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[CCAGTGGCAAAGGTGATAAGTCACAAAACCTGCAAABTGEGCAGEETAGCRRGGARCCAABAA ABGCIGGCACEETCAGCRA
.................................... ECABTGGCGGTAA TAAGACAGTGGEACCAATIEGCGAARG. . . AGAA

AGATGT GAACG1 TGEATEAABAGGARBAGAAGE CEEABGACT ACAGRAGAT AKC ARAGAKAKTEAACCI TECABCAGT TGE T
GOATGECATECAGECIE TCATGEGARCAT TGH TEEGEG TEH TGCARAART TACCAAGAAGATE T CCTRABE TBARGIGAGA

GGGAAAATCT TETEAGC T AGACCATITGETE GAANACHAGECE ARTCA AGITGA T Gl T TAACAC 1 CGAGEAACAABAA
GGCACTGIGATAGTCCATGH TGA TCATITGENE A CTIIATAAGOCE GATCA CATTGAATT Al ACKACACGAGAGEA TE TCATC

CAGAGI TG ATIC ATGGT A CAGE CCAGH 1WAAG 1 1GA ATATGATCH 1 AATGATGA GEAGATEGE 16T AT TATGAA 166 11
ABCAATICGACTCGTGE T TAGECAAGT GAAGGC AGAGTATGATCT CAATGATGACCAARTGACAGT TGIGATGAACGEGTT

TATGGH 1 IGGTGCAT 1GA T RATGG 1ACATC 1CCAGAT GI CAA 1 GGAGTATGE T GATGATGGA 1 66 GGAAGAGEARGT 1GAG
CATGGT CTGGTGCAT AGAGAATGGGACATCGCCCGAT AT TAACGGAGTATGG T TCATGATGGACGGAGATGAACAAATCGAA

TACCCACTAAAGCCAAT I GTTGAAAACGCAAAGCCAAC | I TAAGACAAATCATGCATICATTTCTCAGACGCAGCA)
TATCCTCTAAAGCCAATAGTTGAAAATGCAAAGCCAACGCTGCGACAAATAATGCATCATTTCTCGGAT GCAGCA

FREAE Y WMV 1 BV RS9, AL WMV BB WMV 5181 A B
In the box are the upstream and downstream primers of WMV. A. Fragment of WMV; B. Amplification.

4 WMV SNEEBEREFRBFTIEXER
Fig. 4 Sequence alignment of coat gene fragment of WMV fragment of WMYV primers
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M. Marker DL2000; 1 to 6. Kiwano melon samples.
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Fig. 5 Amplification result of coat protein gene of ZYMV

isolate from Fujian Kiwano melon
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Fig. 6 Phylogenetic analysis of ZYMYV coat protein gene in different countries and regions

A R L LT g RS R AR R TR T B
ZYMV & W]l I P74 BRSOk S AR 5 ot AR
H LR AL P U AR

76 WA % B ZYMV 5 [R5 55 )@ 22 R0 4
BA ARG IR, X4 BRI B R0 25 il 2 A %
Bri s F B Rk R . A B 536120 5 8 1 5
DL B BT IE FH 519, 4 AR B R SRt 5,
I BT 1RT 5 519, AT DA A e AR R 1%
FIRFME DL, A AT HEA 3 — 25 B R A
R B I
33 BEASRIYMV ELEFERDH

7E NCBI H T #1160 A4~ A [A] [ 52 A [ s [X A
AN TR R S A 4y B I ZYMV A5 sE R A, DL

JICERTPE & UK G ZYMV 38 5% % 5 o B2 i
1K 31.67% 1 21.67% 5 H U A& 7 IV B JIO VA
JRE AR 22 ) AT B PUR PR SR AL
BRI T ERP S SEI S AEPNA R eI A
B P RHEIR G ZYMV RIE , {5 DL R RR I )
B2 o LT R UG ZYMV R E
2™, WEKSREZYMV 5 EYETRARI,
HHEG L RRIEN R XS RN ED
(AJ889244 Guangxi_Siraitia grosvenorii) , 85 [T
BLEE 3 99.28% 5 F 2 it R m I (1) 43 5 ) (DQ92-
5448 Viet Nam_Cucurbita moschata.DQ925450 Viet
Nam_Cucurbita moschata) , ¥ [ ¥ 5 # L A
98.57%%1197.49%.



#5113 RIERIE , 55« AR K2 SR BRI I 20 145 0 K7 5 o 1875
Lo HREE L AR ISZIALT]. b 215441, 2016,43(8) : 1537-1544.
4 élﬁl |4« WEI Cai, SHI Qianqgian, MA Yuqin, MA Jinhui, MAO Zhench-

BHAAAT TR KSR R AR A

Bl B 78 HOm B AR YL I, R, W R T A
X kSRR ZYMV. R KSR ZYMV 45

RRAE dr o 7 A R 7 50 B B HORG R

REGI AT P8 B PR B4 B (AJ889244) . A
it it — 20 W 50 K 2 B 5590 0 A oA R i
HE T A

S Z 3k References:

(1

[2]

[3]

(4]

[3]

(6]

(7]

(8]

R RN AR, E R, WRRRASE . KBS RS R 5 %
Jiti AR H AR, AR AR, 2018(4) : 32-34.

GAO Qiang, FU Xiaofa, REN Hailong, WANG Tiandi, CHEN
Jihao. Introduction performance and protected cultivation tech-
niques of Kiwano melon (Cucumis metuliferus)[J]. Fujian Agri-
cultural Science and Technology,2018(4):32-34.

WL, FTOEs, MRl W, B8 REIR kB, xR
BRI A TIVE TR 03 KBTS R K 20 B S5 A (0], oh R
32,2017(9):26-31.

XIE Honggqi, HE Yingjie, YANG Tian, XIE Bingyan, WANG
Lei, KANG Xincong, ZHANG Zhixu, LIU Dongbo. Analysis
and evaluation of nutritional component and antioxidant activity
of Cucumis metuliferus[J]. Chinese Vegetables,2017(9):26-31.
FERGRE TR ISH Y - AR A 3R], 50k, 1993(4):27.
ZHUANG Fucui. A new fruit crop: Cucumis metuliferus[J].
World Agriculture, 1993(4):27.

T B WAL, T T SR A 5] AR T].
[ JR32,2007,20(6):31-33.

WANG Jiming, SHANG Jianli, MA Shuangwu. Preliminary ob-
servation of introduced melon relatives[J]. China Cucurbits and
Vegetables,2007,20(6):31-33.

R B AL, AR, A X RS K S
I TR IR B T]. P EREE  2020,33(4): 1-6.
WANG Jiming, SHANG Jianli, LI Na, ZHOU Dan, MA Shuang-
wu. Current situation and suggestions on the research and utiliza-
tion of new crop in Cucumis horned melon[J]. China Cucurbits
and Vegetables,2020,33(4): 1-6.

THIES J A, ARISS J J, BUCKNER S, HASSELL R L, LEVI A.
Response of cucurbit rootstocks for grafted melon (Cucumis me-
lo) to southern root- knot nematode, Meloidogyne incognita[J].
Journal of Nematology,2012,44(4):494.

Lo 2, o R 1, 2 T WP A . R AR JTORE R 5 AR 45 4R Ly
PR SRS AT (D). b 22441, 2014, 41(1): 73-79.

MA Jinhui, MAO Zhenchuan, LI Huixia, XIE Bingyan. Resis-
tance identification of Cucumis metuliferus to Meloidogyne in-
cognita and characteristic analysis[J]. Acta Horticulturae Sinica,
2014,41(1):73-79.

PR, LA, BEE, SRR B, T O, W
R AR EE T A AR T A I ] 2R e R iR

[9]

[10]

(1]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

uan, LING Jian, YANG Yuhong, XIE Bingyan. Effects of peroxi-
dase gene to the resistance of Cucumis metuliferus against
Meloidogyne incognita in different temperature[J]. Acta Horti-
culturae Sinica,2016,43(8):1537-1544.

MATSUMOTO Y, OGAWARA T, MIYAGI M, WATANABE N,
KUBOYAMA T, ACHEAMPONG A K. Response of wild Cucu-
mis species to inoculation with Fusarium oxysporum f. sp. melo-
nis Race 1,2y[J]. Journal of the Japanese Society for Horticul-
tural Science,2011,80(4):414-419.

GISBERT C, GAMMOUDI N, MUNERA M, GINE A, POCU-
RULL M, SORRIBAS F J,PICO M B. Evaluation of two poten-
tial Cucumis spp. resources for grafting melons[J]. Acta Horti-
culturae,2017,1151(157):157-162.

TAMILSELVI N A, PUGALENDHI L, RAGUCHANDER T.
Exploiting cucurbitaceous species as rootstocks for management
of Fusarium wilt (Fusarium oxysporum) in bitter gourd[J]. Aus-
tralian Journal of Crop Science,2016,10(10): 1460-1465.
TRIONFETTI N P, COLLA G, GRANATI E, TEMPERINI O,
CRINO P, SACCARDO F. Rootstock resistance to Fusarium
wilt and effect on fruit yield and quality of two muskmelon culti-
vars[J]. Scientia Horticulturae,2002,93(3):281-288.
PROVVIDENTI R, GONSALVES D. Resistance to papaya
ringspot virus in Cucumis metuliferus and its relationship to re-
sistance to watermelon mosaic virus 1 [J]. Journal of Heredity,
1982,73(3):239-240.

HRMII L K%, TRARAR, 0 5, SRAENK . B BHE ) 5 R %
O R ]. LIRS, 2017,45(3): 5-9.

ZHENG Pengjun, ZHANG Yu, ZHANG Songbai, LIU Yong,
ZHANG Deyong. Research progress on important seed-borne vi-
ruses in Cucurbitaceae[J]. Jiangsu Agricultural Sciences, 2017,
45(3):5-9.

IEHEYE, T, AL, AR 55 B A . P S R Y R A
993 TE I S8 8 0], D AU AR MORCR 2 2 R (E R B,
2021,49(2):1-7.

YUE lJianying, WEI Xuefeng, ZHENG Hongli, LI Zhengnan,
ZHAO Mingmin. Identification of viral pathogen of zucchini in
Inner Mongolia[J]. Journal of Northwest A & F University (Nat-
ural Science Edition),2021,49(2): 1-7.

SCHAEE AR . H R AR T I A /N BT
I %2 (7). RS, 2010,36(4): 120-122.

WEN Zhaohui, LIU Yali. Identification of Zucchini yellow mosa-
ic virus infecting squash and zucchini in Gansu province[J].
Plant Protection,2010,36(4): 120-122.

W R L%, ™ e . 3 T B 1R AR IR S 28 B
WE[T]. - EBREE,2018(2):41-42.

SHU Xiwei, JIANG Yangxian, YAN Long. Occurrence symp-
toms and integrated control measures of cucumber virus dis-
ease[J]. Shanghai Vegetables,2018(2):41-42.

B TR 9 10 B ¥R TP VR A 0] AL a0k, 2015(35):
43-44.

YANG Hui. Study on control methods of cucumber virus disease[J].



1876 3 i)

4

{4 #38%

[19]

[20]

[21]

[22]

(23]

[24]

[25]

[26]

[27]

Beijing Nongye,2015(35):43-44.

SRR ST W WL, WK, B, BT L dbstb
RN AR TR BRI [T E 52, 2018(4):48-52.

SHI Lixue, ZHANG Shengping, MIAO Han, BO Kailiang, XIE
Qing, WANG Ye, GU Xingfang. Virus detection of cucumber
produced in Beijing, Shandong and Guangdong provinces[J].
China Vegetables,2018(4):48-52.

P RS, TR Y Sy . 74 I /N VG AT ST P R
P[] P EJREE,2014,27(4): 14-15.

SHANG Jianli, WANG Jiming, MA Shuangwu. Identification of
watermelon germplasm resources resistant to zucchini yellow
mosaic virus[J]. China Cucurbits and Vegetables, 2014, 27(4):
14-15.

YT, D B S W R . RTORR o B TCLE I R A/
VU 7 #6455 2 A9 RT-LAMP 0] BLAK 0 7 V5[], B
223K ,2020,36(20):107-113.

YUAN Yingzhe, LUO Ming, HAN Jian, PAN Ya’ nan. Develop-
ment of a reverse transcription loop-mediated isothermal ampli-
fication assay for visual detection of Cucumber mosaic virus
and Zucchini yellow mosaic virus in melon seeds[J]. Chinese Ag-
ricultural Science Bulletin, 2020,36(20):107-113.

ZRADET AL, SRAEAN, BRI, B, BREISE RGeS
DU/ B 77 B AR 99 B 1) 265 T8 S 1 & [0, 3527
#%,2005,21(6):468-473.

QIN Bixia, ZHENG Hongying, CAI Jianhe, CHEN Jiong, LIU
Zhiming, CHEN lJianping. Identification of a Zucchini yellow
mosaic virus isolate from Siraitia grosvenori (Swingle) C. Jef-
frey in Guangxi province and preparation of coat protein antise-
rum[J]. Chinese Journal of Virology,2005,21(6):468-473.

JFEHE I A NG AT SR REEAL AT (D], b TR A
WK, 2016.

TANG Chao. Phylogenetic analysis of Zucchini yellow mosaic
virus in Hunan province, China[D]. Changsha: Hunan Agricul-
tural University,2016.

BT BT WERAR, BB IRSS RT3 MR TR 2
H PCR AR REGET]. bl 2241, 2011,38(11):2215-2222.
ZHAO Qin, LI Huaping, XIE Dasen, LUO Shaobo, PENG Qing-
wu. Development of a multiplex RT-PCR protocol for the detec-
tion of three viruses on Benincasa hispida var. chieh-qualJ]. Ac-
ta Horticulturae Sinica,2011,38(11):2215-2222.

SRIEE, A, B, WG A, T Y . KBRS
g I I]. T Z 244, 2015, 42(2):263-270.

GUO Siyao, TONG Yan, HUANG Ya, LUO Xinfu, QING Ling.
Preliminary identification and analyses of viruses causing pep-
per virus disease in Chongqing, China[J]. Acta Horticulturae Si-
nica,2015,42(2):263-270.

VERMA R, TRIPATHI S, GORANE T, NAIK A A, NIKAM T
D, ADE A B, MAHAPATRO G K. First report of zucchini yel-
low mosaic virus in bell pepper, Capsicum annum, in India[J].
Plant Disease,2019,103(10):2700.

R, PAR, UK, e, B b, skt ik, 538 . SRR
o8 2593 9 i 0 T 5 B B 3 A (3], AR ML AR W R oR iR
2017,25(4):650-658.

(28]

[29]

[30]

B1

[32]

[33]

[34]

[35]

[36]

[37]

XIONG Yan, SUN Miao, WANG Hebing, XIANG Huafeng,
CHEN Xinzhong, ZHANG Hongcheng, QING Ling. Molecular
identification and sequence analysis of the pathogen causing cu-
cumber (Cucumis sativus) virus disease in Chongqing[J]. Jour-
nal of Agricultural Biotechnology,2017,25(4):650-658.
HEIDARI P, AHMADIZADEH M, IZANLO F, NUSSBAUM-
ER T. In silico study of the CESA and CSL gene family in Arabi-
dopsis thaliana and Oryza sativa:Focus on post-translation mod-
ifications[J]. Plant Gene,2019,19:100189.

A NPUE SR AE MR 1 AR 2R S BUR 0 BT [D). %
2zl R AR E,2019.

WANG Jian. Genetic diversity and pathogenicity analysis of
Zucchini yellow mosaic virus[D]. Tai’ an: Shandong Agricultural
University,2019.

WO, R LR Y R R RSN ST R E T RE[T]. BRI
VRl ,2019(3): 165-168.

MIAO Yanmei, ZHAO Min. Functional characterization of poty-
virus-encoded coat protein[J]. Heilongjiang Agricultural Scienc-
es,2019(3):165-168.

NOLTE P, WHITWORTH J L, THORNTON M K, MCIN-
TOSH C S. Effect of seedborne potato virus Y on performance
of russet burbank, russet norkotah, and shepody potato[J]. Plant
Disease, 2004, 88(3):248-252.

i L LTRSS HLIX. Potyvirus J7 25 1 %5 S 3 [ 2 B 4
Hr[D]. PEBH : TEFH A, 2018.

FU Jingjing. Identification and genetic diversity of Pofyvirus in
Liaoning province[D]. Shenyang : Shenyang University,2018.
JERE Rz, AR, X 55, SRABWK . /NP B AR I R
FEE R[] TLIF AR, 2016, 44(9): 18-20.

TANG Chao, CHEN Yuanchao, ZHU Chunhui, LIU Yong,
ZHANG Deyong. Research progress of Zucchini yellow mosaic
virus[J]. Jiangsu Agricultural Sciences,2016,44(9):18-20.
SRR, R T R IR, RS 20U, RO, MR . P 7
TeMV Fl CMV W& RT-PCR il {4 £ 114 7 37 e N [7]. S0
2441,2019,36(7):947-953.

JIAO Nan, ZHU Ning, CHENG Chunzhen, LIN Yuling, LI Han-
sheng, CHEN Faxing, LAI Zhongxiong. Establishment and ap-
plication of the telosma mosaic virus and cucumber mosaic vi-
rus duplex RT-PCR system in passionfruit[J]. Journal of Fruit
Science,2019,36(7):947-953.

EAUE . Y S EE IR 258 A RT-PCR K 7 V2 1 g o
Fe D], i 1 : #EFE K2, 2014,

ZHANG Shaoyan. A universal RT-PCR detection and identifica-
tion methods to potyvirus[D].Haikou: Hainan University ,2014.
ZHENG L D, WAYPER P J, GIBBS A J, FOURMENT M,
RODONI B C, GIBBS M J. Accumulating variation at con-
served sites in potyvirus genomes is driven by species discovery
and affects degenerate primer design[J]. PLoS One, 2008, 3(2):
el586.

HA C,REVILL P, HARDING R M, VU M, DALE J L. Identifi-
cation and sequence analysis of potyviruses infecting crops in
Vietnam[J]. Archives of Virology,2008,153(1):45-60.



