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Table 1- Accession numbers, sources (country) and hosts of different CMV isolates in NCBI that were used in this study

2955 ) Jw Ol 1948 sl ) wgw byl
Sub group Year Host Country A;ﬁff:‘;gn Isolate or Strain
1A 2005 Cucurbita pepo Iran DQ002881 EI2
1A 2013 Cucumis sativus Iran KF873615 Cues
1A 2005 C. pepo Iran DQ002879 DI3
1A 2005 C. pepo Iran DQ002883 FI3
1A 2012 C. sativus Iran JX025998 Sh44
1A 2013 C. pepo Iran KF873617 Csu
1A 2013 C. sativus Iran KF873618 Cud
1A 1994 Cucumis melo Japan D28487 FT
1A 2015 Gladiolus dalenii India KP713798 Glad-NBRI-4
1A 2005 Lilium sp. Poland DQ018286 Cas
1A 2006 Lily longiflorum China EF158110 CMV-BJ
1A 2007 C. pepo South Korea AB290151 LK4
1A 2009 L. longiflorum South Korea AB506800 LiCB
1A 2008 Solanum tuberosum Syria AB448695 PoCMV7-7
1A 2004 C. sativus Iran AY871069 S337
1A 2012 Citrullus vulgaris Serbia JX280942 12-449
1A 2004 Cucumis melo Spain AJB29774 MAD96/2
1A 2012 C. pepo Egypt HF545020 Behera
1A 2015 C. sativus Iran KT279565 LOR_A
1A 2014 C. sativus Iran KJ173755 Cu49
1A 1992 Not reported USA NC_001440 Fny
1A 2004 C. melo Greece AJ810265 RTO06
1A 2004 Lycopersicon esculentum Spain AJ829779 VAL90/1
1A 2005 Nicotiana tabaccum Viet Nam AMO048830 VN-Caobang
1A 2006 Not reported China DQ873558 BG_ 18 4
1A 2013 Vigna radiata Iran KF873621 Mde
1A 2014 Phaseolus vulgaris Bulgaria AJ810262 RT144
1A 2003 Passiflora edulis Australia AJ585521 passionfruit
1A 2009 C. melo Thailand FM999067 ML-25
1B 2012 L. esculentum Iran JX025993 Khnl
IB 2015 C. melo Iran KT279570 LOR_F
1B 2014 L. esculentum Iran KJ173753 To33
IB 2001 Musa sapientum Japan AB069971 B2
1B 2004 Vanilla tahitensis French AY861397 WP120/01
1B 2012 Capsicum sp Italy HE962480 Vir
1B 2014 N. tabacum China KJ746011 PJ9
1B 2005 Musa x paradisiaca India AM158321 upP
1B 2012 N. tabacum Viet Nam HE999621 VN-Tiengiang
1B 2014 Ocimum campechianum Brazil KM651842 Alfavaca
1B 2004 chilli Thailand AJ810259 KS44
I 2006 Tagetes erecta Indian AM396983 Indian
I 2007 Solanum lycopersicum Japan AB368501 PF
| 2007 Tagetes erecta CHina F514924 CMV-WSJ
1 2011 Vinca minor USA JF918965 100
I 1999 Lupinus angustifolius Awustralia AF198103 LY
1 2006 Ribes rubrum Poland DQ639763 PORZ
I 2002 Alstroemeria South Korea AJ304403 PR6A
I 2014 Tulipa sp Serbia KJ854451 13-79
I 2004 unknown Netherlands AJ810256 PV0418
Out of group PSV-ER

U15730.1
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Figure 1- Electrophoresis of the PCR products amplified by CMVCP-F and CMVCP-R primer pair.
Size of consisted fragments in the 50 bp ladder and 1Kbp ladders are shown in the left hand and right hand of the photo, respectively
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Figure 2- Electrophoresis of digested RT-PCR products with Mspl
Size of consisted fragments in the 50 bp ladder and 1Kbp ladders are shown in the left hand and right hand of the photo, respectively.



VYV o015 gboog 5505 (et 9 (Slinigy (g 0 00T 0y 0 (5] £ g ilwailuan

DQO02881_E12_Iran_squash_2005

KF873615_Cues_lran_Cucumis sativus_2013
GH-08J13

F-j10

DQO02879_DI3-Iransquash-2005
GH-O7-RAME

F-th

DQO02883_FI3_iran_squash_2005

JX025898 _shad_trar

KF873617_Csu_lran_

KF873618_Cud_lran

D28487 _FT_lapan

A_fran_cucumber 2015

LOR-A_lran_cucumber_2014

NC_001440_Fny_USA_1992

L] —
| S AI829779_VALS0/1_Spain_Lycopersicon esculentum_2004
L) 005
@ IX025993_Khnl_lran_tomato 2012
As| E KT279570_LOARF_lran_Melon_2015
KI173753 To33 lran_toma 14
Ll
L4 g
&2
Ll
PSV.ER
T 55 (NJ) dylunod (o S35 (W9, 4 CMV saylin cuindigy gz o35 o (Jgi (! o o w7 (S59d b 3 —F S
SClS g5 !

095 75,6 Sy 4y Emgs cplyd wyp 3y9e sladlis leds a3y i S Cusly Cuons 13 CMV (glang )5y 5 5l plesl Y0V 1 a8 oyl g b slaasls
ol 01 031> Ui Gyge Sy 4 byl 5 (2 ) 4 bl ew S5y 4 3T cloged 1S yel (g0 B slaalin joyd S5y 4 ) slaalis .l oad 03] 0l
g dealye V Jodo ) baaghs ©lije sotalie ¢l
Figure 3- Neighbor joining (NJ) tree based on the complete sequence of CMYV coat protein gene at nucleic acid level
Branches with bootstrap support less than 70% are collapsed. CMV subgroups are shown in the left. different colors are used to
indicated geographical origin of reported isolated: sequenced isolates in this study in orange, , previously reported Iranian isolates in

red, American isolates in brown, African isolates in green, Asian isolates in blue and European isolates in pink. For further
information on isolates please refer to the table 1.
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Figure 4- Neighbor joining (NJ) tree based on the complete sequence of CMV coat protein gene at amino acid level
Branches with bootstrap support less than 70% are collapsed. CMV subgroups are shown in the left. different colors are used to
indicated geographical origin of reported isolated: sequenced isolates in this study in orange, , previously reported Iranian isolates in
red, American isolates in brown, African isolates in green, Asian isolates in blue and European isolates in pink. For further
information on isolates please refer to the table 1.
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Introduction: Varamin is one of the major producer regions of cantaloupes which is located in southern
Tehran. Cucumber mosaic virus (CMV) is the type species of viral genus Cucumovirus in the family
Bromoviridae and is causal agent of economically important losses in cucurbits. The CMV virions are isometric
in shape and the genome is composed of three single-stranded positive sense RNAs. Each of the genomic RNAs
1 and 2 encodes a single large ORF and RNA-2 harbors an additional smaller ORF, 2b, involved in cell-to-cell
movement and post-transcriptional gene silencing. The RNA-3 has two ORFs, 3a and 3b, encoding a movement
protein and coat protein, respectively. Each of genomic RNAs has a Cap-like and tRNA-like structures at its 5’
and 3' ends, respectively. The virus is transmitted by different species of aphids in a non-persistent manner and is
easily transmissible to the indicator hosts by mechanical inoculation. CMV is reported from several
cucurbitaceae plants in Iran. Isolates of CMV are classified in different groups or subgroups based on different
methods especially serology, RT-PCR-RFLP, nucleotide sequencing and phylogeny which are useful data for
decision making or choosing the strategy during the development of CMV-resistant varieties and producing
transgenic plants by RNA silencing strategy.

Materials and Methods: During 2014-2016, a total number of 132 leaf samples were collected from
cantaloupes showing viral symptoms such as mosaic, mottling, leaf deformation and plant stunting. These
samples were subjected to double antibody sandwich enzyme linked immunosorbent assay (DAS-ELISA) with
specific antibodies (DSMZ, Germany) to detect CMV based on the manufactures’ instructions. Total RNA was
extracted from ELISA positive samples as explained elsewhere. Two microliters of total RNA used as template
in RT-PCR to amplify a 870 base pair (bp) fragment of partial CMV genomic RNA3 including the coat protein
gene and its flanking regions using specific primers CMVCPf (5'-GCTTCTCCGCGAG-3") and CMVCPr (5'-
GCCGTAAGCTGGATGGAC-3") corresponded to 1149-1161 nts and 1998-2015 of CMV strain Q,
respectively. In order to address the subgroups of CMV isolates, RT-PCR products were digested by Mspl
(Hpall) restriction enzyme and electrophoresis was done on 1.5% agarose gel. We expected the presence of the
bands with 335 and 537 bp in size for the sub-group | and 393 and 559 bp for sub-group Il isolates of CMV.
Then, based on the geographical distance of collected CMV isolates, the CP gene from four isolates were ligated
into pTG19-T, an A\T cloning vector, and the recombinant plasmids were introduced in Escherichia coli. The
selected plasmids were extracted via alkaline lyses method and selected recombinant plasmids were sequenced
by Macrogen, South Korea. The sequencing data were aligned with those of previously reported CMV isolates.
The alignment and pairwise sequencing to estimate similarity between nucleotide sequences were done with
BioEdit software. The Phylogeny Inference package (Phylip) version 3.65 was used to draw phylogeny trees.

Results and Discussion: 59 out of 132 samples (%44.69) positively reacted with CMV specific antibodies in
DAS-ELISA. Expected DNA fragments of about 870 bp were successfully amplified via RT-PCR from the
ELISA positive samples. in RT-PCR-RFLP for addressing the CMV subgroups, all Mspl digested RT-PCR
products from the tested samples produced two DNA bands of 537 and 335 bp and it was concluded that these
isolates belong to the CMV subgroup I. Sequencing data of selected CMV CP clones showed 99-100% and
100% similarity between tested isolates at the nucleotide and amino acid levels, respectively. These isolates
shared 93-100% and 97-100% similarity with previously reported CMV isolates from Iran at nucleic acid and
amino acid levels, respectively. The reconstructed phylogenetic tree, re-confirmed the results of RT-PCR-RFLP,
and Varamin isolates were placed with few other Iranian CMV isolates including E12, Cues, D13, F13, Sh44,
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Csu and Cud which were collected from non-melon hosts. Isolate LOR-F, the only CMV isolate previously
reported from melons, belongs to the 1B subgroup of CMV. This is the first report of CMV subgroup | isolates
from melons.

Conclusion: The RT-PCR-RFLP and sequencing data confirmed the presence of subgroup 1A of CMV
isolates in Varamin, Pishva and Pakdasht cantaloupe fields whose express severe symptoms in melons. However,
the change in Zucchini yellow mosaic virus has been reported from these area, the same isolate of CMV were
distributed in the entire region. Unlike Zucchini yellow mosaic virus populations which has been changed in the
Varamin, Pakdasht and Pishva regions, it seems that there is just one dominant CMV isolate widespread in these
regions.
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