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Abstract

The full-length nucleotide sequence and genomic organization of a

melon necrotic spot virus isolate from Haimen, China (MNSV-HM),

were determined. The MNSV-HM genome consists of a positive sense

single-stranded RNA, 4267 nt in length, with at least five open reading

frames (ORFs) encoding p29, p89, p42, and two small 7-kDa proteins

(p7A and p7B). p89 shares a common start codon with p29 and contin-

ues through the amber stop codon of p29 to produce an 89-kDa pro-

tein. The p7A ORF terminates in an amber codon whose read-through

could generate a 14-kDa protein. Phylogenetic analyses based on the

p42 amino acid sequence and complete genomic sequence placed

MNSV-HM and Spanish isolates of the virus in a major cluster, indicat-

ing a close genetic relationship. In conclusion, we report the full-length

sequence of MNSV-HM and its translation strategy. The obtained geno-

mic organization and phylogenetic trees indicate that MNSV-HM

belongs to the MNSV genus Carmovirus. To the best of our knowledge,

this is the first demonstration of the complete nucleotide sequence of

an MNSV isolate from China.

Introduction

Melon necrotic spot virus (MNSV) of the genus Car-

movirus, family Tombusviridae, is a small isometric

virus (diameter: 30 nm). All isolates are reported to

have narrow experimental and natural host ranges,

limited almost exclusively to members of the Cucur-

bitaceae (Riviere and Rochon 1990), melon (Riviere

et al. 1989), cucumber (Tomlinson and Thomas 1986)

and watermelon (Avgelis 1989b) as natural hosts. The

virus is transmissible by mechanical sap inoculation.

In nature, it is transmitted by the soil-inhabiting fun-

gus Olpidium radicale (Campbell et al. 1995, 1996) and

through seeds (Kishi 1966; Gonzalez Garza et al.

1979).

Outbreaks of MNSV have been reported in many

countries; the disease was first described in Japan

(Kishi 1966), and subsequently in the United States

(Gonzalez Garza et al. 1979), Greece (Avgelis 1985),

Sweden (Ryden and Persson 1986), Italy (Tomlinson

and Thomas 1986), Tunisia (Yakoubi et al. 2008) and

China (Gu et al. 2008). MNSV infection induces yel-

low necrotic spots (Yoshida et al. 1980) and a signifi-

cant loss of yield. Disease outbreaks of economic

importance have been reported previously (Bos et al.

1984; Tomlinson and Thomas 1986).

MNSV has a single-stranded, positive sense RNA

genome of 4.3 kb (Riviere and Rochon 1990). The

complete sequences of several MNSV isolates have

been cloned and sequenced, including -Dutch

(pMUS17A) (Riviere and Rochon 1990), -Ma5 (Diaz

et al. 2003), -264 (Diaz et al. 2004), -N (Miras et al.

2014), -Al (Genov�es et al. 2006), -Tottori and -Kochi

(Ohki et al. 2008) and -Chiba, -Yamaguchi and -Na-
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gasaki (Kido et al. 2008). Recessive resistance to

MNSV exists in melon, which has been overcome by

two resistance-breaking isolates, MNSV-264 and -N

(Diaz et al. 2004; Miras et al. 2014). Chimeric

mutants created with infectious clones of -Ma5 (Diaz

et al. 2003), -264 (Diaz et al. 2004) and -N (Miras

et al. 2014) showed that the virulence determinants

of the resistance-breaking isolates were located in the

30-untranslated region (UTR), which consists of a cap-

independent translational enhancer (30-CITE) able to

control virus genome translation in resistant melon

(Truniger et al. 2008). The determinant for the

unique ability of isolate MNSV-264 to infect the non-

host species Nicotiana benthamiana also corresponds to

its 30-CITE, which can control virus translation in this

plant (Nieto et al. 2011). MNSV encodes at least five

different proteins (Riviere and Rochon 1990), and the

function of each protein has been analysed (Genov�es

et al. 2006). The deduced coat protein sequence is

more similar to that of tombusviruses than to that of

other carmoviruses (Riviere et al. 1989).

In China, MNSV was first detected in Jiangsu pro-

vince in 2007 (Gu et al. 2008), and recently in Shan-

dong province in 2013 (unpublished data). Here, we

report the first complete genomic sequence of a Chi-

nese MNSV isolate and its phylogenetic relationship

with known isolates.

Materials and Methods

Leaves of melon plants exhibiting yellow necrotic

spots were collected from Haimen, Jiangsu Province,

China (Fig. 1a). The virus was propagated on melon

by mechanical inoculation in a greenhouse (Fig. 1b).

When local lesions appeared at 7 days postinoculation

(dpi), infected leaves of melon were collected and

virus particles were purified according to Sela et al.

(2013).

Viral RNA was extracted according to the manufac-

turer’s instructions (Takara Biotech, Dalian, China).

Primers used to amplify the MNSV genome were

designed based on conserved regions of the 50- and

30-UTRs: MNSV-F1 (50-TAC TCT AGC CGG ATC CCC

G-30) and MNSV-R1 (50-CTC GAG TTC GCA TTG AAA

CCC GAA TT-30), yielding a 1900-nt amplicon; and

MNSV-F2 (50-CTC GAG TGT GAC GCA GAA ATC TTC

GA-30) and MNSV-R2 (50-GGG CGG GAT GGG CCT

ACA ACC CAT CTC-30), yielding a 2100-nt amplicon.

The sequences excluding the 50 and 30 termini were

obtained. Based on the obtained partial sequences,

the virus-specific 50 primer R3 (50-GGA CAT CCA

CCG AAG TGA TTC TT-30) and 30 primer F3 (50-GTT
TAC CCT TAA CTC TAC AGG TGT-30) were designed,

respectively. The 50-end sequence of the MNSV-HM

genome was obtained using the sequence-specific pri-

(a) (b)

Fig. 1 Typical necrotic spot symptoms exhib-

ited by MNSV-infected melon plants. Panel a

shows a melon plant infected naturally with

MNSV under field conditions. Panel b shows

the presence of necrotic spot symptoms on

true leaves of a mechanically inoculated melon

plant at 14 dpi.

UAG (893-895nt) UAG

5’ 3’

89nt 279nt
p29 (29 KDa)

P7A

p42 (CP, 42 KDa)

P7B

P14 (MP, 14 KDa) 2638-2640nt

p89 (RdRp, 89 KDa)

Fig. 2 Schematic representation of the genome organization of MNSV-HM. The 50- and 30-UTRs are 89 and 279 nt in length, respectively. The 89-kDa

protein (p89), (possibly) corresponding to an RNA-dependent RNA polymerase (RdRp), results from read-through of the amber stop codon (UAG:

893–895 nt) of p29. Two small centrally located ORFs, each encoding a 7-kDa protein (p7A and p7B), are expressed from a short guide (sg)RNA. Read-

through of the amber codon (UAG: 2638–2640 nt) terminating p7A could result in a 14-kDa protein (p14). The last ORF (p42), overlapping with the

previous one, is expressed from a second sgRNA and encodes the 42-kDa coat protein.
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mer R3 and a SMARTerTM RACE cDNA Amplification

Kit primer (Clontech Laboratories, Inc., Mountain

View, CA, USA). To obtain an accurate 30 terminal

sequence, the 30 end of the viral RNA was polyadeny-

lated with Poly(A) Polymerase (Takara Biotech). This

polyadenylated RNA was used as the template for

generating cDNA using an oligo(dT)16 anchor as the

primer followed by PCR amplification with primer F3.

All RT-PCR products were ligated into the pEASY-

Blunt Simple Cloning Vector (TransGen Biotech Co.,

Ltd., Beijing, China). More than nine recombinant

clones for each strain were obtained, and the nucleo-

tide sequences of these clones were determined at

least twice in both orientations by Sangon Biotech

(Shanghai, China). No difference was observed in

overlapping regions of these clones.

An alignment analysis of the full-length MNSV-HM

sequence and the amino acid sequence of the coat

protein were performed with ClustalX, and phyloge-

netic trees were generated with MEGA 6.0 using the

bootstrap maximum-likelihood method (Tamura

et al. 2013). A bootstrap value of 1000 replicates was

performed. The sequences used in the phylogenetic

analysis were obtained from GenBank (accession

numbers indicated).

Results and Discussion

The genomic sequence of MNSV-HM is 4267 nt long,

and the 50- and 30-UTRs of the strain are 89 and 279

nt long, respectively. The viral genome sequence has

been deposited in GenBank (Accession No.

GU480022). The genome organization proposed for

MNSV-HM is illustrated in Fig. 2. The putative first

open reading frame (ORF) starts at the first AUG (89–
91 nt); the five ORFs encode proteins with molecular

masses (in kDa) of 29, 89, 42 and 7 (two proteins: 7A

and 7B).

Different genomic regions of select MNSV isolates

were compared with those of MNSV-HM (Table 1).

For p29, the nucleotide identity ranged between 93

and 95% compared to the other isolates. The amino

acid identity was highest (98.1%) with MNSV-264

and -Al and lowest with MNSV-N (96.3%). p89 shares

a common start codon with p29 and continues

through the amber stop codon (UAG) of p29 to gener-

ate an 89-kDa protein. The amino acid identity

Fig. 3 Alignment of the 30-UTR sequence of several MNSV isolates,

including MNSV-HM. The sequence corresponding to the 30-CITE is

shaded in grey. The 55-nt insertion corresponding to a second 30-CITE in

the resistance-breaking strain MNSV-N (Miras et al. 2014) was not pre-

sent in the Chinese isolate, MNSV-HM.

Table 1 Comparative analysis of nucleotide and amino acid sequences from different genomic segments of MNSV-HM and five other representative

MNSV isolates

MNSV isolates

30-UTR nt/identity

(%)

50-UTR nt/identity

(%)

Genome Total

nt/identity(%)

p29(%)

nt/aa

p89(%)

nt/aa

p7A(%)

nt/aa

p7B(%)

nt/aa

p42(%)

nt/aa

MNSV-Al-Spain 280/94.1 88/94.0 4268/95.0 95.4/98.1 96.1/98.6 97.0/98.5 95.2/96.7 93.0/98.5

MNSV-N-Spain 335/91.1 88/91.7 4323/92.5 93.2/96.3 94.9/98.2 96.5/98.5 97.3/96.7 91.1/98.2

MNSV-264-Spain 323/48.3 87/95.2 4310/94.2 95.2/98.1 95.7/98.9 96.5/96.9 96.2/98.4 92.2/98.2

MNSV-ISR-Israel 279/91.4 87/92.9 4266/93.8 94.9/97.0 95.1/98.2 95.5/96.9 97.3/99.8 91.7/95.6

MNSV-Chiba-Japan 281/94.4 89/85.7 4281/92.7 92.9/97.4 94.1/98.4 95.5/96.9 95.2/99.6 89.9/97.4
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(a)

(b)

 MNSV-Tottori-Japan AB232925.1

 MNSV-Kochi-Japan AB232926.1

 MNSV-Malfa5-Spain AY122286.1

 MNSV-pMNS17A and pMNS01A M29671.1 Canada

 MNSV-264-Spain AY330700.1

 MNSV-ISR DQ922807.1

 CarMV-Taiwan FJ843021.1

 CarMV-Spain AJ304989.1

 MNSV-Hyd-Indian JX879088.1

 MNSV-Al-Spain DQ339157.1

 MNSV-HM-China GU480022.1

 MNSV-N-Spain KF060715.

 MNSV-Nagasaki AB250686.1

 MNSV-Chiba-Japan AB250684.1

 MNSV-Yamaguchi-Japan AB250687.1

 MNSV-Kouchi-Japan AB189943.1

Japan isolates

 TCV NC 003821.3

 TCV UK AY312063.1

 MNSV-ISR ABJ53278.1
 MNSV264-Spain AAR01964.1
 MNSV-Al-Spain ABC67519.1
 MNSV-Malfa5-Spain AAM83192.1
 MNSV-N-Spain AGO36281.1

Spain isolates

 MNSV-HM-China ADD17682.1
 MNSV-NK-Japan BAB82518.1
 MNSV-Kouchi-Japan BAE45292.1
 MNSV-Nagasak-Japan BAF47098.1
 MNSV-Chiba-Japan BAF47088.1
 MNSV-Yamaguchi-Japan BAF47103.1

Japan isolates

 MNSV-USA NP 041231.1
 MNSV-canada AAB02435.1
 MNSV-Tottori-Japan BAG13034.1
 MNSV-Kochi-Japan BAG13040.1
 MNSV-Hyd-Indian AGC04691.1

MNSV

 CarMV-USA YP 009032648.1
 CarMV-Taiwan ADA69472.1

CarMV

 TCV UK AAP78489.1
 TCV NP 620723.2

TCV
100

99

61

94

97

99

94

96

77

83

48

43

41

Fig. 4 A phylogenetic analysis was performed using the complete genome nucleotide sequences (a) and the deduced p42 coat protein amino acid

sequences (b) of MNSV-HM and other MNSV isolates, including TCV and CarMV (sequences with GenBank accession numbers are indicated). The tree

was created using the maximum-likelihood method with MEGA 6.0. The bootstrap consensus tree was inferred from 1000 replicates. CarMV, carnation

mottle virus; TCV, turnip crinkle virus.
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between p89 of MNSV-HM and the other isolates was

greater than 98%. The amino acid sequences of p7A

and p7B were between 96 and 100% identical to

those of the other MNSV isolates studied. In some

MNSV isolates, including MNSV-HM, there is an

amber codon between the p7A and p7B ORFs (Riviere

and Rochon 1990; Ohshima et al. 2000); in others,

including MNSV-Ma5, there is a stop codon (Diaz

et al. 2003). Genov�es et al. (2006) demonstrated that

if this read-through protein was synthesized, it would

play no role in local spread (in contrast to p7A and

p7B). The 30 proximal ORF encodes the 42-kDa coat

protein (p42), and the amino acid identity of p42 was

98.2–95.6% compared with other isolates. The stop

codon of p42 is followed by a 30-UTR of 279 nt with

more than 94% nucleotide identity with the corre-

sponding UTRs of isolates MNSV-Chiba and -A1, and

around 91% with MNSV-N and -ISR. In contrast, the

nucleotide identity with the 30-UTR of MNSV-264 was

only 48.3% (Table 1). This is consistent with the find-

ings of a previous sequence analysis indicating that

the nucleotide identity between the 30-UTR of MNSV-

264 and that of other MNSV isolates was less than

50%, while it was greater than 76% between these

isolates (Truniger et al. 2008; Miras et al. 2014).

Based on the alignment of MNSV 30-UTR sequences

(Fig. 3) and its sequence identity, we propose that

translation of the MNSV-HM genome may be

controlled by the RNA element present in most MNSV

30-UTRs (30-CITE), which are functional in susceptible

(but not resistant) melon. No sequence similarity with

the 30-CITEs of the resistance-breaking strains MNSV-

264 and -N (Diaz et al. 2004; Miras et al. 2014) was

observed. The capacity of MNSV-HM to infect resis-

tant melon will be assessed in future studies. The

sequence identity of the 50-UTR of MNSV-HM was

highest compared with that of MNSV-264 (95.2%)

and lowest compared with that of MNSV-Chiba

(85.7%). Thus, our comparison of the nucleotide and

amino acid sequences of MNSV-HM with those of

other MNSV isolates (Table 1) indicates that MNSV-

HM should be classified as a species of MNSV in the

genus Carmovirus. Phylogenetic trees were constructed

for the full genomic sequence and the p42 coat pro-

tein sequence. Phylogenetic analyses based on the

complete sequence indicated that MNSV-HM is phy-

logenetically more closely related with isolates from

the Spanish group (MNSV-A1 and -N) than with

those from the Japanese group (Fig. 4a). Phylogenetic

analyses of the p42 amino acid sequence showed that

MNSV-HM is also more closely related to the Spanish

than to the Japanese isolates (Fig. 4b). The high

degree of sequence similarity between the Spanish

and Chinese isolates suggests the spread of plant

viruses via extensive exchange of plant material

through global trade.

To the best of our knowledge, this is the first report

of the complete genomic sequence of an MNSV strain

from China.
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