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Abstract

Citrus vein enation virus (CVEV), a tentative species of the genus Enamovirus, family Luteoviridae, which
causes vein enation and trunk woody gall symptoms on citrus, has been recently reported from Iran. In the
present research, biological and molecular properties of CVEV different isolates were studied. Following
graft transmission of 29 CVEV isolates on sour orange (Citrus aurantium), volkamer lemon (C.
volkameriana) and rough lemon (C. jambhiri), the results indicated that the incidence, type and severity of
symptoms depend on the CVEV isolate and host (rootstock), accordingly virus isolates were classified into
three groups. CVEV was transmitted by Aphis fabae with a significantly higher efficiency than that by Aphis
gossypii. This is the first report of CVEV transmissibility by A. fabae in the world. Based on RT-qPCR
results, the maximal and minimal concentrations of CVEV were determined in young bark and petioles
tissues of infected sour orange seedlings, respectively. Monthly monitoring of the virus throughout the year
by RT-PCR showed that CVEV was only detectable during two periods of late April to early July along with
mid-September to early October, however, sensitivity of virus detection raised up to 60 percent in early
December by using RT-qPCR. In the phylogenetic analysis of CVEV isolates based on nucleotide sequence
of overlapped regions of ORF1 and ORF2, isolates were grouped into three clades which showed some
correlation with symptomology groups.
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Table 1. Citrus vein enation virus specific primers used in this study

Primers  Sequence (5" to 3") Position on Amplified Used for Reference
complete fragment size
genome (nt) (bp)
VE17r  AATGAGATAGCCCGGTTGTCCAG  3466-3486 1232 Detection (Vives et al.
VESf CGGGGCTTGGATTCTCAAAGG 4676-4698 2013)
VESLCf GAAGCAGGTCGGCAGGGATGCC 2079-2100 862 Amplification (Vives et al.
VE2r TGGCTGCTTGGTACCGCAAAGAGC 2917-2940 2013)
VERTf ACCGAGATGTGGAAGTGCGTG 5018-5038 223 RT-gPCR this study
VERTr CAGCTCCCATCTGCCTTCCC 5222-5241
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Table 2. Characteristics of CVEV isolates used in response evaluation of three citrus species

Accession number Group based on the symptoms Location Host Isolate
MG593826 1 Ramsar (Citrus limon) MRLS
MG593827 1 Ramsar (Citrus unshiu) MRU3
MG593824 1 Ramsar (Citrus aurantium) MRS5S
MG593825 2 Ramsar (C. aurantium) MR6
MG593822 2 Chalus (C. aurantium) MChl1
MG593823 2 Chalus (C. aurantium) MCh3
- 1 Chalus (Citrus sinensis) MChSS8
MG593821 1 Amol (C. aurantium) MA3

- 1 Amol (C. aurantium) MA7
MG593828 1 Sari (C. aurantium) MSal

- 1 Sari (C. aurantium) MSa2

- 1 Sari (C. aurantium) MSa3
MG593829 1 Sari (C. aurantium) MSa4
MG593831 1 Sari (C. sinensis) MSaS1
- 1 Sari (C. aurantium) MSa5

- 1 Sari (C. sinensis) MSaS11
- 1 Sari (C. unshiu) MSaU9
MG593830 1 Sari (Citrus myrtifolia) MSaM1
- 1 Gorgan (C. aurantium) GG2
MG593820 1 Gorgan (C. aurantium) GG3

- 1 Gorgan (C. aurantium) GG7

- 1 Gorgan (C. aurantium) GGI10

- 1 Shiraz (C. aurantium) FSh2
MG593816 1 Shiraz (C. aurantium) FSh4

- 1 Shiraz (C. aurantium) FSh7
MG593817 3 Shiraz (C. aurantium) FSh8
MG593818 3 Shiraz (C. aurantium) FSh11

- 1 Jahrom (C. aurantium) Fl4
MG593819 1 Jahrom (C. aurantium) FJS

“Groups based on the symptoms were discussed in the text.
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Fig. 1. Symptoms of CVEYV in leaves and trunk of infected citrus. (a) woody gall on sour orange trunk; (b) vein
enation on leaf underside of sour orange; (c) numerous enations leaf on underside of Chinotto; (d) vein enation
on rough lemon; (e) depression on upper side of sour orange leaf; (f) enation necrosis.
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Table 3. CVEYV infection rate in citrus samples collected from Mazandaran, Golestan and Fars provinces

Sampling region Host Number of infected Infection rate (%) of citrus
samples/collected samples samples
Mazandaran Citrus aurantium 31/40
Citrus sinensis 3/10
Citrus myrtifolia 1/1 66.6
C. unshiu 2/6
Citrus limon 3/3
Golestan Citrus aurantium 7/10 16.6
Citrus sinensis 0/5 ’
Fars Citrus aurantium 7/20 25
Citrus sinensis 0/4
C. unshiu 0/4
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Fig 2. Symptoms caused by three groups of CVEYV isolates following graft inoculation. (a) large and few vein
enations on sour orange inoculated with MChl isolate; (b) gall formation on Citrus volkameriana graft union
after more than one year post inoculation with MCh1; (c) gall formation on sour orange graft union three weeks
post inoculation with F8 isolate; (d) numerous vein enation on leaf underside of sour orange without gall

formation in the graft union inoculated with MSal.
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Table 4. Nucleotide sequence identity/divergence matrix based on overlapped region of ORFs 1 and 2 among
Iranian, Japanese and Spanish CVEYV isolates. Alignment was carried out using Clustal W method in Megalign

software.
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Fig 3. Amino acid sequence comparison of replicase N-terminal region among CVEY isolates from Iran, Japan
and Spain. Amino acids that are conserved in Japanese isolates are highlighted in blue and those conserved in

Spanish isolates are highlighted in red.
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Fig. 4. Phylogenetic tree based on nucleotide sequence of overlapped region of ORFs 1 and 2 of CVEYV isolates
from Iran, Japan and Spain reconstructed using MEGA7 and K2+I model by maximum likelihood method with

1000 bootstrap replications. Spanish and Japanese isolates available in GenBank are marked by A and ¢
PEMV-1 (NC003629) was used as outgroup.
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Fig 5. Phylogenetic tree based on amino acid sequence of replicase N-terminal region among Iranian, Japanese
and Spanish CVEYV isolates reconstructed using MEGA7 and JTT model by maximum likelihood method with
1000 bootstrap replications. Spanish and Japanese isolates available in GenBank are marked by A and ¢

PEMV-1 (NC003629) was used as outgroup.
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