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ABSTRACT 

To investigate the infection of carnations (Dianthus caryophillus) to common viruses, a 

total of 130 samples showing suspected viral disease symptoms were collected from 10 

commercial greenhouses located in Mahallat City, Markazi Province. Total DNA and 

RNA were extracted and amplified by PCR and RT-PCR methods, respectively, using 

generic primers for the genera Potyvirus and Orthotospovirus and also specific primers of 

Carnation mottle virus (CarMV), Carnation necrotic fleck virus (CNFV), Carnation etched 

ring virus (CERV), Carnation latent virus (CLV), Carnation vein mottle virus (CVMV) and 

Cucumber mosaic virus (CMV). Results revealed that the estimated rates of infection in 

the collected samples for different viruses in decreasing order were for CarMV, CNFV, 

CERV, CMV and CVMV, while CLV and species of genus Orthotospovirus were not 

detected. Mixed viral infections were also investigated and among all of the 130 collected 

samples, 3.1% showed mixed infections with CarMV, CNFV, CVMV, CERV and CMV, 

32% with CarMV, CNFV, and CERV, 20% with CarMV and CNFV, and 9% with 

CarMV and CERV. For phylogenetical assays, NIb-CP fragment of the CVMV genome 

was amplified, cloned, and sequenced. Phylogenetic trees of two isolates of this virus 

revealed that the two Iranian isolates of CVMV (IBR and RCM) were phylogenetically 

divergent. Mechanical inoculation of CVMV on 16 different indicator plant species 

showed specific symptoms on six of the indicators that were confirmed by RT-PCR. To 

the best of our knowledge, this is the first report of CMV and first partial genome 

sequencing of CVMV from a carnation plant in Iran.  

Keywords: Cucumber mosaic virus, Carnation vein mottle virus, Mixed viral infections, 

Phylogeny.

 _____________________________________________________________________________  
1
 Department of Plant Pathology, Faculty of Agriculture, Tarbiat Modares University, Tehran, Islamic 

Republic of Iran. 
2
 Ornamental Plant Research Center, Institute of Horticultural Sciences, Agriculture Research, Education 

and Extension Organization (AREEO), Islamic Republic of Iran. 

*Corresponding author; e-mail: shamsbakhsh@ modares.ac.ir 

INTRODUCTION 

The genus Dianthus L. is one of the most 

important ornamental genera that contain 

more than 200 described species. Carnation 

(Dianthus caryophillus L.) is among the top 

five economically important cut flowers in 

the world (Lisa, 1995). Mahallat City, 

Markazi Province, located in central Iran, is 

one of the greatest producers of cut flowers 

including carnation, with 57.6 million cut 

flowers annually (Anonymous, 2019).  

Several pests and pathogens affect the 

production of carnations including viruses. 

Six plant viruses, namely, Carnation etched 

ring virus (CERV), Carnation latent virus 

(CLV), Carnation mottle virus (CarMV), 

Carnation necrotic fleck virus (CNFV), 

Carnation ring spot virus (CRSV) and 

Carnation vein mottle virus (CVMV) have 

been reported as carnation specific 

economically important viruses (Hollings 
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and Stone, 1970; Lovisolo and Lisa, 1978; 

Lisa, 1995; Singh et al., 2005; Yu et al., 

2006; Cevik et al., 2010). Carnation could 

also be infected by common plant viruses 

such as Cucumber mosaic virus (CMV) 

(Bezić et al., 1983; Severin and González, 

1996; De La Torre-Almaráz et al., 2015). 

CMV is known as one of the economically 

important plant viruses worldwide, which 

belongs to the genus Cucumovirus in the 

family Bromoviridae, and classically divided 

into two different subgroups I and II. Both 

subgroups are reported from different 

regions in Iran (Bashir et al., 2006; 

Rasoulpour and Izadpanah, 2008; 

Nematollahi et al., 2012; Shahmohammadi 

et al., 2019). Apart from CRSV, three other 

specific carnation viruses including CarMV, 

CERV, and CVMV have been identified 

serologically from Iran (Bayat, 2009). In 

addition, Potyvirus and Orthotospovirus are 

two economically important viral genera that 

could infect many ornamental plant species 

(Rybicki, 2015). The virus is easily 

transmitted in both genera, which could 

increase the chance of disease spreading and 

causing epidemic infections. Potyvirus and 

Orthotospovirus species could also be 

transmitted by aphids and thrips, 

respectively, although both genera could be 

easily transmitted by mechanical inoculation 

(Govier et al., 1977; Goldbach and Peters, 

1994). 

Studies on the occurrence and distribution 

of carnation viruses including CERV, 

CNFV, CarMV and CVMV were carried out 

by serological and molecular methods in 

Iran (Safari et al., 2009; Bayat, 2009; Bayat 

and Ghotbi, 2010). Recently, a molecular 

heterogenicity of CarMV was reported from 

two important centers of the cut flowers 

production in Iran (Barzegar, 2018). Among 

the carnation viruses studied in Iran, CVMV 

was detected only by serological method 

(Bayat, 2009; Bayat and Ghotbi, 2010) and 

no information is available on the molecular 

data of this virus from Iran. Also, 

Orthotospovirus and Potyvirus species have 

been reported on ornamental plants from 

Markazi Province (Bayat et al., 2018; 

Ghotbi et al., 2005).  

Carnation viruses often cause specific or 

general symptoms on the host or indicator 

plants. The common symptoms caused by 

ornamental viruses are faint local chlorotic 

or necrotic lesions, grayish-white or reddish-

purple necrotic flecks, streaks or spots 

beside mottling, malformation of the leaves, 

and stunting (Hollings, 1965; Hakkaart, 

1972; De La Torre-Almaráz et al., 2015). 

However, in many cases, the virus can cause 

non-specific symptoms such as mosaic, 

chlorosis, stunting and necrosis in infected 

plants (Hakkaart, 1968). It is difficult to 

define the virus species based on the type of 

symptoms caused on the main host or their 

indicator plants. Accordingly, it seems to be 

essential to use molecular techniques to 

identify these viruses. 

Currently, little is known about the virome 

of carnation in Mahallat City Commercial 

Greenhouses, Markazi Province, Iran. 

Hence, the first aim of this study was the 

detection of highly important viruses of 

carnation by PCR-based method in 

commercial greenhouses of Mahallat. Since 

no knowledge is available on the phylogeny 

and genome sequence of Iranian CVMV 

isolates, the second aim of the present study 

was determination of phylogenetic affinities 

of two Iranian CVMV isolates based on 

NIb-CP partial sequence among other 

Potyviridae members.  

MATERIALS AND METHODS 

Sampling 

From 2015 to 2017, about 130 samples of 

carnation (Dianthus caryophillus L.), 

including whole plants devoid of roots, were 

collected from 10 greenhouses located at 

Mahallat City (Table 1). The collected 

samples showed symptoms of mottling, 

purple-white necrotic spots and flecks, 

reddish-purple discoloration and ring spot on 

leaves, seedling stunting, and some samples 

were symptomless. 
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Table 1. Time and place of sampling and collected numbers of carnation samples. 

Sampling date  Collecting location No of sample 

November 2015  Ornamental plants research center greenhouse 5 

  Private greenhouse complex 1 6 

  Private greenhouse complex 2 5 

  Private greenhouse complex 3 5 

  Private greenhouse complex 4 5 

February 2016  Ornamental plants research center greenhouse 5 

  Private greenhouse complex 1 5 

  Private greenhouse complex 2 5 

  Private greenhouse complex 3 5 

  Private greenhouse complex 4 5 

May 2016  Ornamental plants research center greenhouse 6 

  Private greenhouse complex 1 5 

  Private greenhouse complex 2 5 

  Private greenhouse complex 3 5 

  Private greenhouse complex 4 5 

August 2016  Ornamental plants research center greenhouse 5 

  Private greenhouse complex 1 6 

  Private greenhouse complex 2 6 

  Private greenhouse complex 3 5 

  Private greenhouse complex 4 5 

November 2016  Ornamental plants research center greenhouse 5 

  Private greenhouse complex 1 5 

  Private greenhouse complex 2 5 

  Private greenhouse complex 3 6 

  Private greenhouse complex 4 5 

Total   130 

 

 

DNA/RNA Extraction and PCR 

RNA extractions were performed using 

RNA-Plus extraction kit (Cinnagen, Iran) and 

the extraction of DNA was done using CTAB 

method (Stefanova et al., 2013) from all 

specimens. For three viruses, namely, CarMV, 

CVMV and CLV, specific primers were 

designed based on part of the Coat Protein 

(CP) gene from known sequences of CarMV 

(KR002041, X02986), CVMV (KJ605654) 

and CLV (X52627), and for CNFV, primers 

were designed based on partial of the CNFV 

(GU234166) Heat Shock Protein (HSP) gene. 

Potyvirus and Orthotospovirus generic primers 

were used to target the CP and nucleocapsid 

genes, respectively (Zheng et al., 2010, 

Hassani-Mehraban et al., 2016). CERV 

specific primers to target the partial of 

Movement Protein (MP) gene were used in 

PCR (Raikhy et al., 2006) and for CMV 

specific primers of partial CP gene were used 

(Grieco et al., 2000). The oligonucleotides 

designed and used in this study are presented 

in Table 2. cDNAs were synthesized in a final 

volume of 20 μL using 10 μL of RT master 

mix (Gene All, South Korea), 2 μL of the 

random hexamer, 2 μL of DEPC water and 6 

μL of extracted RNA with a temperature cycle 

of 42°C for 60 minutes followed by 55°C for 

10 minutes. PCR was performed in a final 

volume of 20 μL containing 10 μM Master 

RED (Ampliqon, Denmark), 1 μL of each 

primer (10 picomols), 5 μL of distilled water 

and 3 μL of DNA (or cDNA) (250 ng μL
-1
) in 

the thermocycler (Eppendorf, Germany). 

Primary denaturing was performed at 94°C for 

4 minutes followed by 35 cycles consisting of 

DNA denaturation at 94°C for 50 seconds, a 

primer annealing for 50 seconds with a 
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Table 2. Generic and specific primers designed and used in the current study. 

Target Primers sequence 

Annealing 

temprature 

(◦C) 

Amplicon 

size (bp)  
Reference 

Orthotospovirus 

(Eurasian) 

AS-EA-F: GGGGGATCCAGAGCAATCGAGG 

EA-R: TTGTTCAATGAAGCAGCACC 

52 793 Hassani-

Mehraban et al. 

(2016) 

Orthotospovirus 

(Asian) 

AS-EA-F: GGGGGATCCAGAGCAATCGAGG 

AS1-R: GCTTCAGTCCTCTTAAATGTCC 

52 369 Hassani-

Mehraban et al. 

(2016) 

Orthotospovirus 

(American) 

AM1-F: GGGGGATCCAGAGCAATTGTGTC 

AM1-R: CTTTGCTTTTCAGCACAGTGCAd 

52 762 Hassani-

Mehraban et al. 

(2016) 

Potyviruses NIb2F: GTITGYGTIGAYGAYTTYAAYAA 

NIb3R: TCIACIACIGTIGAIGGYTGNCC 

45 350 Zheng et al. 

(2010) 

CarMV F: GAAGAGGAGAGCTGAAATGC 

R: CTTATCGTTGCTTGCCTGTG 

49 645 This study 

CVMV F: ATCTGTTTAACACCCGCAGC 

R: GAGTGATCACATCCGAACGC 

50 571 This study 

CERV F: TCCCCCGGGGGAATGAATTCCTCTGTTGA 

R: TCCCCCGGGGGATCATGATATATTGTTTA 

56 980 Raikhy et al. 

(2006) 

CNFV F: CAGGATTCCAGTTACATACC 

R: ATATCACCTCCAGAACTACG 

46 635 This study 

CMV F: TAACCTCCCAGTTCTCACCGT 

R: CCATCACCTTAGCTTCCATGT 

51 540 Grieco et al. 

(2000) 

CLV F: AACTTGCAGCCATAACAGCC 

R: TCCTTACCATACATCCCGCC 

50 511 This study 

18S rDNA 

(internal 

control) 

F: AACGGCTACCACATCCAAG 

R: AAGCCCTAGCCTCATTACT 

52 459 Faria et al. 

(2006) 

 

 

specific temperature of each primer (Table 2), 

an extension at 72°C for 60 seconds and a final 

fragment extension at 72°C for 10 minutes. In 

most reactions, 18S rRNA gene was used as an 

internal control. PCR products were 

electrophoresed on a 1% agarose gel in a 1X 

TAE buffer that was stained by Green Viewer 

(SMOBIO, Taiwan). The virus species were 

identified according to the amplified fragments 

size. 

Cloning 

In order to clone the partial NIb-CP region 

of CVMV, the RT-PCR reactions were 

performed using the primer pair of NIb2-F 

and CVMV-R according to the above-

mentioned program. A fragment consisting 

of a partial sequence of the NIb and CP of 

two CVMV isolates was inserted and cloned 

in the pTG/19 plasmid kit (CinnaClone, 

Iran) according to the kit instructions. All 

given PCR products were sequenced by 

Macrogen Company, South Korea. 

Phylogenetic Analysis 

The obtained sequences were deposited in 

GenBank with accession numbers 

MF068808 and MF068809 for CVMV 

isolates IBR and RCM, respectively. 

Nucleotide sequences were analyzed by 

three different methods (bayesian, maximum 

likelihood, and maximum parsimony) using 

two different sequence regions including 

CP, NIb and their combination with 33 other 

sequences obtained from GenBank (Table 

3). The model of base substitution was 

evaluated using MrModeltest 2 (Nylander, 

2004). The Akaike-supported model, a 
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Table 3. The GenBank accession numbers of the virus isolates used in phylogenetic analysis in this study. 

Virus name Accession number  Reference 

Alstroemeria mosaic virus AB158522  Fuji et al. (2004) 

Amaranthus leaf mottle virus AJ580021  Segundo et al. (2007) 

Bidens mottle virus EU250212  Chen et al. (2012) 

Brugmansia mosaic virus JX867236  Zhao et al. (2013) 

Canna Yellow Streak Virus EF466138  Monger et al. (2007) 

Carnation vein mottle virus AY512554  Chung et al. (2004) 

Carnation vein mottle virus KJ605654  Unpublished 

Carnation vein mottle virus AB017630  Unpublished 

Commelina mild mosaic virus HQ225836          Zheng et al. (2011) 

Crinum mosaic virus KX911718  Unpublished 

Freesia mosaic virus AY685219  Jordan et al. (2004) 

Hardenbergia mosaic virus NC015394  Wylie and Jones (2012) 

Hippeastrum mosaic virus GQ857550                  Unpublished 

Hyacinth mosaic virus EF203681  Pham et al. (2008) 

Iris severe mosaic virus FJ481099  Yan et al. (2010) 

Lily mottle virus AB054886  Yamaji et al. (2001) 

Lupine mosaic virus NC014898   Sarkisova and Petrzik (2011) 

Narcissus degeneration virus JQ395041  Wylie and Jones (2012) 

Narcissus late season yellows virus JX156421  Wylie et al. (2014) 

Narcissus yellow stripe virus JQ395042  Wylie and Jones (2012) 

Nerine yellow stripe virus EF362621  Pham et al. (2008) 

Ornithogalum mosaic virus AY994107  Wei et al. (2006) 

Passiflora virus Y AB679294  Chiang et al. (2012) 

Ryegrass mosaic virus AF035637  Mackenzie et al. (1999) 

South African passiflora virus D10053  Brand et al. (1993) 

Sunflower chlorotic mottle virus AF255677  Dujovny et al. (2000) 

Tradescantia mild mosaic virus AY861351  Ciuffo et al. (2006) 

Tradescantia mild mosaic virus GQ847531  Unpublished 

Triteleia mosaic virus GU270649  Miglino et al. (2010) 

Tulip band-breaking virus AB078007  Se and Kanematsu (2002) 

Turnip mosaic virus AY995214  Unpublished 

Turnip mosaic virus AF185963  Unpublished 

Vallota mosaic virus FJ618540  Pearson et al. (2009) 

 

general time reversible model, including 

among-site rate heterogeneity and estimates 

of invariant sites (GTR+I+G), was used in 

the phylogenetic analyses. Bayesian analysis 

was performed with MrBayes 3.1.2 

(Ronquist and Huelsenbeck, 2003) running 

the chains for 2×10
6
 generations. For 

Maximum Likelihood analysis, the same 

dataset used for the Bayesian tree was 

employed and the analysis were performed 

using RAxMl-GUI version 1 for maximum 

likelihood (Silvestro and Michalak, 2012) 

and MEGA 4 for maximum parsimony 

(Tamura et al., 2007). Ryegrass mosaic virus 

was selected as an outgroup for all analyses.  

CVMV Inoculation to Indicator Plants 

To evaluate the host range of CVMV as a 

newly occurred virus on carnation in Iran, its 

biological purification was performed by 

mechanical inoculation of infected carnation 

plant extract using 0.01 M phosphate buffer 

on indicator plant Chenopodium quinoa 

followed by the local lesion passage. The 

purified virus was inoculated into 16 other 
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Table 4. Symptoms of Carnation vein mottle virus in different indicator plants after mechanical inoculation. 

Scientific name Family Symptoms 

Brassica campestris Brassicaceae Not apparent 

Chenopodium amaranticolor Chenopodiaceae Leaf local chlorosis and necrosis 

Chenopodium murale Chenopodiaceae Not apparent 

Chenopodium quinoa Chenopodiaceae Leaf local chlorosis  

Cucumis sativus Cucurbitaceae Not apparent 

Gomphrena globosa Amaranthaceae Not apparent 

Nicotiana benthamiana Solanaceae Leaf chlorosis  

Nicotiana glutinosa Solanaceae Not apparent 

Nicotiana occidentalis Solanaceae Mosaic and deformation of leaf 

Nicotiana rustica Solanaceae Not apparent 

Nicotiana tabacum Solanaceae Leaf vein clearing 

Phaseolus vulgaris Fabaceae Not apparent 

Physalis alkekengi Solanaceae Not apparent 

Pisum sativum Fabaceae Not apparent 

Vicia faba Fabaceae Not apparent 

Vigna unguiculata Fabaceae Leaf mosaic 

 

 

putative indicator plants (Table 4). All 

inoculations were performed at the 2 to 4 

leaf growth stages of indicator plants. All 

plants were grown in a growth chamber at 

constant temperature of 22 3°C and 45% 

relative humidity with 10 hours of light 

daily. One to 3 weeks after inoculation, 

symptoms on each indicator plant were 

recorded. Also, infected indicator plants 

were tested using RT-PCR with specific 

primers to confirm the presence of CVMV. 

RESULTS 

Amplified fragments using PCR and RT-

PCR showed an approximately 645 bp 

length fragment for CarMV, also 635bp for

CNFV, 950 bp for CERV, 540 bp for CMV 

and 570 bp for CVMV (Figure 1). The 

results showed that 87% (113 out of 130), 

62% (80 out of 130), 45% (59 out of 130), 

4.6% (6 out of 130), 3.1% (4 out of 130) and 

0% (0 out of 130) of surveyed samples were 

infected with CarMV, CNFV, CERV, CMV, 

CVMV and CLV, respectively. In addition, 

no samples were infected with 

Orthotospovirus species. Due to the use of 

specific primers for each species, virus 

identification was made by relying on 

amplified fragment size and confirmed by 

the indicator plants symptoms for CVMV. 

Simultaneous infections of 

CarMV/CNFV/CERV were observed in 

32% of samples, also 20% for 

CarMV/CNFV, 9% for CarMV/CERV and 

3.1% for multiple infections of all five of the 

detected viruses.  

Combined CP and NIb region of two 

isolates of CVMV, namely, IBR from 

private greenhouse complex 2 and RCM 

from Ornamental Plants Research Center 

(OPRC) greenhouse were cloned (Figure 1-

F), sequenced, and after editing, submitted 

to GenBank under accession numbers 

MF068808 and MF068809, respectively. 

Among 1704 studied nucleotides in two 

isolates, 1,641 nucleotides were identical 

and 63 were variable between two studied 

isolates. A Blast-n search revealed the 

highest similarity of both isolates with three 

isolates of CVMV (AF017630, KJ605654 

and AY512554). 

According to the reconstructed 

phylogenetic trees, and their topology, 

among nine surveyed trees regenerated by 

three mentioned methods, the Bayesian tree 

generated by CP region of CVMV was 

selected as the best and fittest phylogenetic 

tree based on the total tree topology (Figure 

2). In the Bayes generated phylogenetic tree 

based on CP region of CVMV, two Iranian 
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Figure 1. Electrophoresed PCR products on 1% Agarose gel. A: Carnation mottle virus (1-7 and 9: Infected 

plants; 8: Uninfected plant 10: Negative control; 11: Positive control); B: Cucumber mosaic virus (1-6: Infected 

plants; 7: Positive control; 8: Negative control), C: Carnation etched ring virus (1-6: Infected plants; 7: Positive 

control; 8: Negative control); D: Carnation vein mottle virus (1-4: Infected plants; 5: Positive control; 6: Negative 

control); E: Carnation necrotic fleck virus (1-10: Infected plants; 11: Positive control; 12: Negative control); F: 

Cloned and amplified Carnation vein mottle virus NIb/CP region using specific primers. In all samples, the 459 

bp fragments were presented 18S rRNA as internal control.  L: GenRuler™ 1 kb DNA ladder (Fermentas). 

 

isolates (IBR and RCM) from two different 

samplings, but with the same symptoms on 

carnation plants, generated a highly 

supported monophyletic clade with other 

studied CVMV isolates. The isolate IBR 

formed a sister group with two isolates 

CVMV-K and JLCC and RCM isolate had a 

close affinity with other CVMVs.  

To indicate the CVMV host range, the virus 

was purified biologically and inoculated on 

other plants (Figure 3, Table 4). The 

mechanical inoculation of CVMV to C. 

amaranticolor revealed local chlorotic lesions 

7-14 days post-inoculation (dpi), which turned 

to necrotic spots in one week, as reported by 

Hollings (1965). In Vigna unguiculata 

inoculated with CVMV 10-14 dpi, mosaic was 

observed on the leaves. 
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Figure 2. Bayesian tree inferred under the GTR+I+G model from CP region sequences of Carnation vein 

mottle virus (CVMV) and other related viruses generated by MrBayes software. Posterior probability is given on 

appropriate clades and Ryegrass mosaic virus is selected as the out-group. 

 

CVMV inoculation to indicator plants 

showed chlorosis in Nicotiana benthamiana 

in 8-10 dpi, and a vein clearing in N. 

tabacum in 12-14 dpi. For N. occidentalis, in 

7 to 12 dpi, mosaic and deformities were 

observed in the leaves. CVMV inoculation 

to C. quinoa showed local chlorotic leaf 

spots in 7-10 dpi, which were consistent 

with a previous study (Hollings and Stone 

1970). The occurrence of these symptoms 

along with the results of the RT-PCR in 

naturally infected and inoculated plants and 

sequence identities confirmed the presence 

of CVMV in Iran. 

DISCUSSION 

In this study, the virome of carnation in 

Iran was investigated by PCR and RT-PCR. 

The results indicated positive reactions for 

five important carnation viruses including  
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Figure 3. Symptoms on different indicator plants inoculated by CVMV. A and B: Chenopodium quinoa (local 

chlorosis), C and F: Nicotiana occidentalis (mosaic symptoms and deformation of leaves), D: Vigna unguiculata 

(leaf mosaic symptoms), E: C. amaranticolor (leaf local chlorosis and necrosis), G: N. benthamiana (leaf local 

chlorosis), H: N. tabacum (vein clearing).  
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CarMV, CNFV, CERV, CMV, and CVMV 

with 87%, 62%, 45%, 4.6%, and 3.1%, 

respectively, among 130 surveyed samples 

in Mahallat City Commercial Greenhouses. 

No Orthotospovirus species and CLV were 

detected from the collected samples. A 

similar study was conducted in California 

using Enzyme-Linked Immunosorbent 

Assay (ELISA) for some carnation specific 

viruses, namely, CarMV, CNFV, CRSV and 

CERV on commercial curnation cultivars. 

Among 226 tested samples, 78, 13 and 15% 

of samples were infected to CarMV, CNFV 

and CERV, respectively, and no samples 

were infected with the CRSV. Among the 

analyzed samples, 21% were infected by two 

or more viruses (Lommel et al., 1983). In 

Mexico, RT-PCR and ELISA were used to 

detect carnation viruses. Two viruses 

including CarMV, and CNFV were detected, 

also, simultaneous infection of these two 

viruses has been reported (De La Torre-

Almaráz et al., 2015).  

Previous studies in Iran showed that all 

currently detected viruses were investigated 

by serological or molecular methods. Bayat 

and Ghotbi (2010) showed that CVMV 

could be traced by serological method from 

carnation plants; the same virus has been 

detected by molecular method in the current 

study. Also, Bayat (2009) by serological 

method showed that the carnation plants 

could be infected to CERV and CNFV. 

Safari et al. (2009) showed that CarMV 

could be detected by DAS-ELISA in 

carnation tissues. Barzegar (2018) detected 

CarMV by molecular methods. These 

findings confirm that CarMV, CNFV, and 

CERV are widespread in Iran and the world 

and thus emphasizes the need for indexing 

and production of virus-free quality planting 

materials. 

Mixed infections with different viruses 

have been reported in carnation plant over a 

wide geographic area. In the present study, 

multiple viral infections of carnation were 

also investigated in Mahallat City 

Commercial Greenhouses. The results 

showed that simultaneous infections of five 

carnation viruses including CarMV, CNFV, 

CERV, CMV and CVMV occurred in 3.1% 

of surveyed samples, mixed infection of 

CarMV/CNFV/CERV was observed in 32% 

of samples, also 20% for CarMV/CNFV, 

and 9% for CarMV/CERV. In Korea, RT-

PCR and ELISA have revealed the 

occurrence of two carnation viruses, CNFV 

and CERV, occurring simultaneously (Lee 

et al., 2013). The simultaneous infection of 

CarMV/CNFV/CERV, CarMV/CNFV and 

CarMV/CERV was recorded in previous 

studies (Lommel et al., 1983). Although the 

mixed virus infection has been reported in 

carnation, to the best of our knowledge, this 

is the first report of the simultaneous 

infections for five carnation viruses in Iran. 

In this study, the incidence of CMV in 

carnation plants was investigated. Although 

CMV has been reported in diverse plants in 

Iran (Sokhandan et al., 2008; Hassanvand 

and Shams-bakhsh, 2017; Siampour and 

Izadpanah, 2020), this is the first report of 

CMV infected carnations from Iran (Figure 

1-B). Carnation infection to CMV has also 

been reported from several countries. In 

Yugoslavia, carnation infection with CMV 

has been detected using agar gel double-

diffusion assay and electron microscopy, 

and the results showed that the plants were 

simultaneously infected with CarMV and 

CMV (Bezić et al., 1983). Also, in another 

study conducted in Mexico, using RT-PCR 

and Dot-blot method, CMV was detected in 

carnation, where plants were simultaneously 

infected with CarMV, CERV and CMV (De 

La Torre-Almaráz et al., 2015).  

There are some earlier publications on 

CVMV as an economically important virus 

of carnation. Raikhy et al., 2004 detected the 

virus from India using ELISA. Also, the 

virus was detected using the same method 

from China (Li et al., 2014) and South 

Korea (Chung et al., 2004). There has been a 

good deal of study on CVMV elimination in 

plants due to its economic importance to 

carnation (Ahmed et al., 2012). Therefore, 

the molecular characterization of CVMV as a 

rapid technique is an important approach to 

avoid virus spreading. The current paper is 

focusing on the molecular properties of the 
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virus. In the Bayes generated phylogenetic 

tree based on the CP region of CVMV, two 

Iranian isolates from two different sampling 

areas, but with the same symptoms on 

plants, formed a highly supported 

monophyletic clade with other studied 

CVMV isolates. The isolate IBR formed a 

sister group with two isolates CVMV-K and 

JLCC and RCM isolate has a close affinity 

with other CVMVs. In all regenerated trees, 

the two Iranian CVMV isolates (IBR and 

RCM) had genetic divergence, which could 

indicate that they were imported from 

different counties or regions to Iran. The 

Bayesian tree generated by the CP region of 

CVMV is supported by Adams et al. (2005) 

who proposed a phylogenetic analysis of the 

fully-sequenced species among the family 

Potyviridae and suggested the CP region as 

the fittest fragment for phylogenetic 

analysis. To our knowledge, this is the first 

report of the genome sequence of the Iranian 

CVMV isolates. 

Carnation is an economically important 

cut flower and its viruses has been studied 

widely  Understanding the incidence and 

distribution of these viruses, along with the 

development of a rapid, sensitive and 

accurate detection method for these viruses, 

would be a great help to prevent and control 

virus damages. 

AKNOWLWDGEMENTS 

The study was funded by the Tarbiat 

Modares University, Tehran, Iran. 

REFERENCES 

1. Adams, M., Antoniw, J. and Fauquet, C. 

2005. Molecular Criteria for Genus and 

Species Discrimination within the Family 

Potyviridae. Arch. Virol., 150: 459-479. 

2. Ahmed, A. A., Khatab, E. A., Dawood, R. 

A. and Ismeil, A. M. 2012. Evaluation of 

Tip Culture and Thermotherapy for 

Elimination of Carnation Latent Virus and 

Carnation Vein Mottle Virus from Carnation 

Plants. Int. J. Virol., 8(2): 234-239. 

3. Anonymous. 2019. Office of Ornamental 

Ornamental Flora and Herbs. 0384. The 

Statistics of the Ministry of Jihade-e-

Agriculture, Horticultural Deputy, Tehran, 

Iran. 

4. Barzegar, A. 2018. Study of Molecular 

Heterogeneity of Carnation Mottle Virus in 

Iran. Biol Forum, 7(1): 1220. 

5. Bashir, N. S., Kalhor, M. R. and Zarghani, 

S. N. 2006. Detection, Differentiation and 

Phylogenetic Analysis of Cucumber Mosaic 

Virus Isolates from Cucurbits in the 

Northwest Region of Iran. Virus Genes, 

32(3): 277-288. 

6. Bayat, H. 2009. Serological Identification 

and Distribution of Some Carnation Viruses 

in Greenhouses at Mahallat City. Summary 

of Articles of the 18th Iranian Plant 

Protection Congress: 531. 

7. Bayat, H. and Ghotbi, T. 2010. First Report 

of Carnation Vein Mottle Virus (CVMV) 

Infecting Carnation in Iran. Iran. J. Plant 

Pathol., 46(1):29.  

8. Bayat, H., Hassani-Mehraban, A., Safaei, N. 

and Shams-bakhsh, M. 2018. Partial 

Biological and Molecular Characterization 

of Various Tospoviruses from Markazi 

Province. Iran J. Plant Pathol., 53(4): 231-

247. 

9. Bezić, N., Štefanac, Z., Miličić, D. and 

Wrischer, M. 1983. Occurrence of 

Carnation Vein Mottle and Cucumber 

Mosaic Viruses on Carnations in 

Yugoslavia. Acta. Bot. Croat., 42: 21-27. 

10. Brand, R. J., Burger, J. T. and Rybicki, E. P. 

1993. Cloning, Sequencing, and Expression 

in Escherichia coli of the Coat Protein Gene 

of a New Potyvirus Infecting South African 

Passiflora. Arch. Virol., 128(1-2): 29-41. 

11. Cevik, B., Bakır, T. and Koca, G. 2010. First 

Report of Carnation Mottle Virus in 

Turkey. Plant Pathol., 59(2): 394-394. 

12. Chen, C., Deng, T., Huang, C., Lin, B. and 

Liao, J. 2012. Bidens Mottle Virus Infecting 

Lettuce in Taiwan: Identification and 

Sequence Analysis of Full-Length Viral 

Genome. J. Taiwan Agric. Res., 61(3): 209-

221. 

13. Chiang, C. H., Fan, Y. T., Yu, T. A., Cheng, 

Y. H. and Chen, Y. K. 2012. First Report of 

Passiflora virus Y Infecting Macroptilium 

atropurpureum in Taiwan. Plant Dis., 96(6): 

918-918. 

14. Chung, B. N., Kim, B. D., Choi, G. S. and 

Kim, J. S. 2004. First Report on Carnation 



  _________________________________________________________________________ Jami et al. 

722 

Vein Mottle Virus in Dianthus barbatus in 

Korea. Plant Pathol. J., 20: 224-228. 

15. Ciuffo, M., Masenga, V. and Turina, M. 

2006. Characterization of a Potyvirus 

Isolated from Tradescantia fluminensis in 

Northern Italy. Arch. Virol., 151(6): 1235-

1241. 

16. De La Torre-Almaráz, R., Pallás, V. and 

Sánchez-Navarro, J. 2015. First Report of 

Carnation Mottle Virus (CarMV) and 

Carnation Etched Ring Virus (CERV) in 

Carnation From Mexico. Plant Dis., 99: 

1191-1191 

17. Dujovny, G., Sasaya, T., Koganesawa, H., 

Usugi, T., Shohara, K. and Lenardon, S.L. 

2000. Molecular Characterization of a New 

Potyvirus Infecting Sunflower. Arch. 

Virol., 145(11): 2249-2258. 

18. Faria, J. C., Dias, B. B. A., Cancado, L. J., 

Cuncado, L.J., Cunha, N. B. C., Silva, L. M., 

Vianna, G. R. and Aragao, F. J. L. 2006. 

Partial Resistance to Bean Golden Mosaic 

Virus in a Transgenic Common Bean 

(Phaseolus vulgaris) Line Expressing a 

Mutated Rep Gene. Plant Sci., 171: 565-

571.  

19. Fuji, S., Terami, F., Furuya, H., Naito, H. 

and Fukumoto, F. 2004. Nucleotide 

Sequence of the Coat Protein Genes of 

Alstroemeria Mosaic Virus and Amazon Lily 

Mosaic Virus, a Tentative Species of Genus 

Potyvirus. Arch. Virol., 149(9): 1843-1849. 

20. Ghotbi, T., Shahraeen, N. and Winter, S. 

2005. Occurrence of Tospoviruses in 

Ornamental and Weed Species in Markazi 

and Tehran Provinces in Iran. Plant 

Dis., 89(4): 425-429. 

21. Goldbach, R. and Peters, D. 1994. Possible 

Causes of the Emergence of Tospovirus 

Diseases. In Seminars in Virology, 5(2): 

113-120. 

22. Govier, D. A., Kassanis, B. and Pirone, T. P. 

1977. Partial Purification and 

Characterization of the Potato Virus Y 

Helper Component. Virology, 78(1):306-

314. 

23. Grieco, F., Alkowni, R., Saponari, M., 

Savino, V. and Martelli, G. 2000. Molecular 

Detection of Olive Viruses. EPPO Bull., 

30(3‐4): 469-473. 

24. Hakkaart, F. A. 1972. Detection of 

Carnation Viruses with the Test Plant 

Saponaria vaccaria 'Pink Beauty'. In III 

International Symposium on Virus Diseases 

of Ornamental Plants, 36: 35-46. 

25. Hakkaart, F. A. 1968. Silene armeria, a Test 

Plant for Carnation Etched Ring Virus. Eur. 

J. Plant. Pathol., 74(5): 150-158. 

26. Hassani-Mehraban, A., Westenberg, M., 

Verhoeven, J. T. J., van de Vossenberg, B. 

T. L. H., Kormelink, R. and Roenhorst, J. 

W. 2016. Generic RT-PCR Tests for 

Detection and Identification of 

Tospoviruses. J. Virol. Methods, 233: 89–

96. 

27. Hassanvand, V. and M. Shams-bakhsh. 

2017. Identification of Viruses Infecting 

Cucurbits and Determination of Genetic 

Diversity of Cucumber Mosaic Virus in the 

Lorestan Province, Iran. J. Plant Prot. Res., 

57(2): 91-100.  

28. Hollings, M. 1965. Disease Control through 

Virus-Free Stock. Ann. Rev. Phytopathol., 3: 

367-396. 

29. Hollings, M. and Stone, O. 1970. Attempts 

to Eliminate Chrysanthemum Stunt from 

Chrysanthemum by Meristem‐Tip Culture 

after Heat‐Treatment. Ann. Appl. Biol., 65: 

311-315 

30. Jordan, R., Guaragna, M. A. and Ndum, O. 

2004. Detection and Characterization of 

Two Previously Undescribed Potyviruses in 

the Terrestrial Orchid Spiranthes cernua. 

In XI International Symposium on Virus 

Diseases of Ornamental Plants, 722: 209-

218. 

31. Lee, S., Kang, E. H., Heo, N. Y., Kim, S. 

M., Kim, Y. J. and Shin, Y. G. 2013. 

Detection of Carnation Necrotic Fleck Virus 

and Carnation Ringspot Virus Using RT-

PCR. Res. Plant Dis., 19(1): 36-44. 

32. Li, M. R., Zhu, J., Gao, J., Li, R. H., and Li, 

F. 2014. First Report of Carnation Vein 

Mottle Virus Infecting Dianthus amurensis 

in China. Plant Dis., 98(12): 1747-1747. 

33. Lisa, V. 1995. Carnation Virus and Virus 

Like Diseases of Bulb and Flower Crops. 

ASC Publication, PP. 385-395. 

34. Lommel, S. A., Stenger, D. C. and Morris, 

T. J. 1983. Evaluation of Virus Diseases of 

Commercial Carnations in California. In II 

International Symposium on Carnation 

Culture, 141: 79-88. 

35. Lovisolo, O. and Lisa, V. 1978. Virus 

Diseases of Carnation. Fitopatologia 

Brasileira, 3: 219-233. 

36. Mackenzie, A. M., Webster, D. E., Gibbs, 

M. J., Thomas, B. J. and Gibbs, A. J. 1999. 

Australian Isolates of Ryegrass Mosaic 



Detection of Important Viruses on Carnation _____________________________________  

723 

Rymovirus and Their Relationships. Arch. 

Virol., 144(2): 309-316. 

37. Miglino, R., Druffel, K. L. and Pappu, H. R. 

2010. Identification and Molecular 

Characterization of a New Potyvirus 

Infecting Triteleia Species. Arch. 

Virol., 155(3): 441-443. 

38. Monger, W.A., Harju, V., Skelton, A., Seal, 

S. E. and Mumford, R. A. 2007. Canna 

Yellow Streak Virus: A New Potyvirus 

Associated with Severe Streaking Symptoms 

in Canna. Arch. Virol., 152(8): 1527-1530. 

39. Nematollahi, S., Sokhandan-Bashir, N., 

Rakhshandehroo, F. and Zamanizadeh, H. R. 

2012. Phylogenetic Analysis of New Isolates 

of Cucumber Mosaic Virus from Iran on the 

Basis of Different Genomic Regions. Plant 

Pathol. J., 28(4): 381-389. 

40. Nylander, J. 2004. MrModeltest v2: 

Evolutionary Biology Centre. Uppsala 

University. 

41. Pearson, M. N., Cohen, D., Cowell, S. J., 

Jones, D., Blouin, A., Lebas, B. S. M., 

Shiller, J. B. and Clover, G. R. G. 2009. A 

Survey of Viruses of Flower Bulbs in New 

Zealand. Australas. Plant Pathol., 38(3): 

305-309. 

42. Pham, K. T. K., de Kock, M. J. D., 

Lemmers, M. E. C. and Derks, A. F. L. M. 

2008, April. Molecular Identification of 

Potyviruses Infecting Bulbous Ornamentals 

by the Analysis of Coat Protein (CP) 

Sequences. In XII International Symposium 

on Virus Diseases of Ornamental Plants, 

901: 167-172. 

43. Raikhy, G., Hallan, V., Kulshrestha, S., 

Ram, R. and Zaidi, A. 2006. Complete 

Nucleotide Sequence of an Indian Isolate of 

Carnation Etched Ring Virus and Its 

Homology with Other Caulimoviruses. 

Curr. Sci. Bangalore, 90(2): 176. 

44. Raikhy, G., Hallan, V., Kulshrestha, S., 

Sharma, M. L., Verma, N., Ram, R., and 

Zaidi, A. A. 2004, March. Detection of 

Carnation Ringspot and Carnation Vein 

Mottle Viruses in Carnation Cultivars in 

India. In XI International Symposium on 

Virus Diseases of Ornamental Plants. 722: 

247-258.  

45. Rasoulpour, R. and Izadpanah, K. 2008. 

Properties and Taxonomic Position of Hoary 

Cress Strain of Cucumber Mosaic Virus. J. 

Plant Pathol., 90(1): 97-102. 

46. Ronquist, F. and Huelsenbeck, J. 2003. 

MrBayes 3: Bayesian Phylogenetic 

Inference under Mixed Models. 

Bioinformatics, 19: 1572-1574. 

47. Rybicki, E. P. 2015. A Top Ten List for 

Economically Important Plant Viruses. 

Arch. Virol., 160(1): 17-20. 

48. Safari, M., Koohi, M. H., Mosahebi, G., and 

Dizadji, A. 2009. Carnation Mottle Virus, an 

Important Viral Agent Infecting Carnation 

Cut-Flower Crops in Mahallat of Iran. 

Commun. Agric. Appl. Biol. Sci., 74(3): 861-

865. 

49. Sarkisova, T. and Petrzik, K. 2011. 

Determination of the Complete Nucleotide 

Sequence of a Lupine Potyvirus Isolate from 

the Czech Republic Reveals that It Belongs 

to a New Member of the Genus 

Potyvirus. Arch. Virol., 156(1): 167-169. 

50. Se, T. and Kanematsu, S. 2002. First Report 

of Tulip Band Breaking Virus in Mosaic 

Diseased Tulip in Japan. Plant Dis., 86(12): 

1405-1405. 

51. Segundo, E., Lesemann, D. E., Martín, G., 

Carmona, M. P., Ruiz, L., Cuadrado, I. M., 

Velasco, L. and Janssen, D. 2007. 

Amaranthus Leaf Mottle Virus: 3′-end RNA 

Sequence Proves Classification as Distinct 

Virus and Reveals Affinities within the 

Genus Potyvirus. Eur. J. Plant. 

Pathol., 117(1): 81-87. 

52. Severin, C. and González, M. 1996. Survey 

of Carnation Mottle Virus (CMV) and 

Carnation Latent Virus (CLV) in Carnation 

in Southern Sante Fé Province, Argentina. 

Fitopatología, 31: 84-86 

53. Shahmohammadi, N., Dizadji, A. and 

Habibi, M. K. 2019. Differentiation and 

Phylogeny of Cucumber Mosaic Virus 

Isolates Originating from Ornamentals in 

Iran; Concerning Genetic Structure of Virus. 

J. Crop. Prot., 8(2): 163-178.

54. Siampour, M. and Izadpanah, K. 2020. 

Evolutionary Timescale and Geographical 

Movement of Cucumber Mosaic Virus, with 

Focus on Iranian Strains. Arch Virol. 165: 

185-192.  

55. Silvestro, D. and Michalak, I. 2012. 

raxmlGUI: A Graphical Front-end for 

RAxML. Org. Divers. Evol., 12(4): 335-

337. 

56. Singh, H. P., Hallan, V., Raikhy, G., 

Kulshrestha, S., Sharma, M. L., Ram, R. and 

Zaidi, A. A. 2005. Characterization of an 

Indian Isolate of Carnation Mottle Virus 

Infecting Carnations. Curr. Sci. India., 27: 

594-601. 



  _________________________________________________________________________ Jami et al. 

724 

57. Sokhandan, N. B., Nematollahi, S., and 

Torabi, E. 2008. Cucumber Mosaic Virus 

Subgroup IA Frequently Occurs in the 

Northwest Iran. Acta virol., 52(4): 237-242. 

58. Stefanova, P., Taseva, M., Georgieva, T., 

Gotcheva, V., and Angelov, A. 2013. A 

Modified CTAB Method for DNA 

Extraction from Soybean and Meat 

Products. Biotech. Biotech. Equip., 27(3): 

3803-3810. 

59. Tamura, T., Nanayama, F., Saito, Y., 

Murakami, F., Nakashima, R. E. I. and 

Watanabe, K. 2007. Intra-Shoreface Erosion 

in Response to Rapid Sea-Level Fall: 

Depositional Record of a Tectonically 

Uplifted Strand Plain, Pacific Coast of 

Japan. Sedimentology, 54(5): 1149-1162. 

60. Wei, T., Pearson, M. N. and Cohen, D. 

2006. First report of Ornithogalum Mosaic 

Virus and Ornithogalum Virus 2 in New 

Zealand. Plant Pathol., 55(6): 134-138. 

61. Wylie, S. J. and Jones, M. G. 2012. 

Complete Genome Sequences of Seven 

Carlavirus and Potyvirus Isolates from 

Narcissus and Hippeastrum Plants in 

Australia, and Proposals to Clarify Their 

Naming Arch. Virol., 157(8): 1471-1480. 

62. Wylie, S.J., Li, H., Sivasithamparam, K. and 

Jones, M. G. 2014. Complete Genome 

Analysis of Three Isolates of Narcissus Late 

Season Yellows Virus and Two of Narcissus 

Yellow Stripe Virus: Three Species or 

One?. Arch. Virol., 159(6): 1521-1525. 

63. Yamaji, Y., Lu, X., Kagiwada, S., Oshima, 

K. and Namba, S. 2001. Molecular Evidence 

that a Lily-Infecting Strain of Tulip 

Breaking Virus from Japan Is a Strain of Lily 

Mottle Virus. Eur. J. Plant Pathol., 107(8): 

833-837. 

64. Yan, S., Qin, Z., Jin, L. and Chen, J. 2010. A 

New Isolate of Iris Severe Mosaic Virus 

Causing Yellow Mosaic in Iris Ensata 

Thunb. J. Nanosci. Nanotechnol., 10(2): 

726-730. 

65. Yu, S. N., Lee, M. H., Jung, J. H. and 

Chang, M. U. 2006. The Viruses in 

Carnations in Korea. Korean J. Hortic. Sci., 

24(4): 507-514. 

66. Zhao, F., Lim, S., Yoo, R. H., Lim, H. S., 

Kwon, S. Y., Lee, S. H. and Moon, J. S. 

2013. Complete Genome Sequence of a 

South Korean Isolate of Brugmansia Mosaic 

Virus. Arch. Virol., 158(9): 2019-2022. 

67. Zheng, L., Gibbs, M., Gibbs, A. and Rodoni, 

B. 2011. First Report of a Newly Detected 

Potyvirus, Commelina Mild Mosaic Virus, 

Infecting Commelina spp. in 

Australia. Australas. Plant Dis. Notes, 6(1): 

11-15. 

68. Zheng, L., Rodoni, B., Gibbs, M. and Gibbs, 

A. J. 2010. A Novel Pair of Universal 

Primers for the Detection of Potyviruses. 

Plant Pathol., 59(2): 211-220.

ر استان مرکزی و آنالیز د  .Dianthus Caryophillus Lهای مهم ردیابی ویروس

 پیسک رگبرگ میخک مولکولی ویروس

 ح. جمی، ح. بیات، و م. شمس بخش

 چکیذه

ًوًَِ  031زای رایح، در هدوَع ّای بیواریُ هیخک بِ ٍیرٍسبِ هٌظَر بررسی آلَدگی گیا

ّا پس از گلخاًِ تداری ضْرستاى هحلات خوغ آٍری ضذ. ًوًَِ 01هطکَک بِ آلَدگی ٍیرٍسی از 

تَسظ آغازگرّای اختصاصی  PCR  ٍRT-PCRبررسی ػلائن ٍ استخراج هادُ شًتیکی بِ رٍش 

 carnation mottle virusّایًٍَِ گ Orthotospovirus  ٍPotyvirusّای خٌس

(CarMV) ،carnation necrotic fleck virus (CNFV)  ،Carnation etched ring 
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virus (CERV)،carnation latent virus (CLV)  ،(CVMV) carnation vein 

mottle virus  ٍ(CMV) cucumber mosaic virus  ِهَرد بررسی قرار گرفتٌذ. در ًتید

از کل ًوًَِ ّای خوغ آٍری ضذُ بیطتریي درصذ آلَدگی بِ ترتیب هربَط بِ  هطخص گردیذ کِ

CarMV،CNFV  ،CERV ،CVMV  ٍCMV  .خوغ  ًوًَِ 031ًتایح ًطاى داد کِ در بیي بَد-

ٍ  CarMV ،CNFV ،CVMV ،CERVگاًِ بِ درصذ آلَدگی پٌح 3آٍری ضذُ، حذٍد 

CMV ،33 ًَِّای گاًِ بِ ٍیرٍسّا آلَدگی سِدرصذ ًوCarMV  ٍCNFV  ٍCERV ،31 

 CarMV ٍ CERVدرصذ آلَدگی دٍگاًِ بِ  CarMV  ٍCNFV  ٍ9 درصذ آلَدگی دٍگاًِ بِ

در ایي تحقیق ردیابی ًطذًذ. برای  Orthotospovirusٍ اػضای خٌس  CLVداضتٌذ. دٍ گًَِ 

ٍ تحلیل  ٍیرٍس تکثیر ٍ تَالی یابی ضذ. تدسیِ NIb-CPقغؼِ ای ضاهل  CVMVهغالؼِ هلکَلی 

ّای ایراًی با حوایت بالا از سایر خذایِ ّا از ایي ٍیرٍس ًطاى داد کِ خذایِ تبارضٌاسی دٍ خذایِ

گیاُ هحک هتفاٍت سبب برٍز ػلائن  01رٍی  CVMVهتوایس ّستٌذ. ّوچٌیي هایِ زًی هکاًیکی 

خَد، تاییذ ضذ. بر اساس اعلاػات هَ RT-PCRاختصاصی رٍی ضص گیاُ هحک ضذ کِ با آزهَى 

در گیاُ هیخک از ایراى ٍ ّوچٌیي ردیابی هلکَلی ٍ تؼییي تَالی  CMVایي اٍلیي گسارش از ٍقَع 

 است. CVMVّای ایراًی بخطی از شًَم خذایِ

 


