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Abstract

Objective

Beet curly top Iran virus (BCTIV) is a destructive virus causing damage to agriculture industry
annually. BCTIV has a circular single-stranded DNA genome with five open reading frames
(ORFs): V1, V2 and V3 on genomic strand, and C1 and C2 on complementary strand. V2 acts as
a suppressor of silencing interfering with this defense pathway. This study was aimed to determine

the evolutionary characteristics and genetic structure of V2 among different BCTIV isolates.

Materials and methods

Total number of 31 BCTIV V2 nucleotide sequences were extracted from the GenBank and
analyzed. The nucleotide sequence was aligned and the phylogenetic tree was drawn. Nucleotide
polymorphism analysis was determined. Also, the occurrence of insertion-deletion polymorphism
(InDel) was investigated. Nonsynonymous (dN) and synonymous (dS) substitution rates and
dN/dS ratio were calculated in order to check the selection pressure on nucleotide sequences and
V2 codons. Entropy analysis was also performed to investigate possible variations in nucleotide

positions.

Results
Based on the host and geographical location, V2 sequences were placed in different clusters of

the phylogenetic tree. 20 haplotypes and 94 polymorphic loci was detected. Haplotype and
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nucleotide diversity was calculated as 0.963 and 0.06517, respectively. The mean nucleotide
differences were 23.463. InDel polymorphism was not observed. The rates of dN and dS were
calculated as -0.60699 and 0.03020, respectively, both of which were not significant. The dN/dS
ratio was also -20.10201. Total number of 26 positions among the codons showed a positive value
of dN/dS ratio, while 34 positions had a negative value. Also, at least 9 recombination events
were observed. Entropy analysis showed that nucleotide position 247 has the most changes with
an entropy rate of 0.93.

Conclusions

The results suggest that the variation in the nucleotide sequence of BCTIV V2 can be effective in
suppressing gene silencing and the pathogenicity of different isolates in different hosts. The
variability of this part of the virus genome may in the future lead to an increase in the range of
host range of the virus or to overcome the resistance of plant varieties.
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Isolate GenBank Source Location Reference
Accession
Number
Yazd EU273816 Beta vulgaris Yazd Bolok Yazdi et al. (2008)
Sh2 EU273817 B. vulgaris Shiraz
K EU273818 B. vulgaris Kerman
IR:Yaz:B15P:Sug:06 JQ707938 B. vulgaris Yazd Heydarnejad et al. (2013)
IR:Shi:B18K:Sug:06 JQ707939  B. vulgaris Shiraz
IR:Neg:B19K:Sug:04 JQ707940 B. vulgaris Negar
IR:Kav:B22K:Sug:08 JQ707941 B. vulgaris Kavar
IR:Kam:B23K:Sug:08 JQ707942 B.vulgaris Kamal-Abad
IR:Kam:B24K:Sug:08 JQ707943 B.vulgaris Kamal-Abad
IR:Neg:B25P:Sug:08 JQ707944  B. vulgaris Negar
IR:Neg:B26P:Sug:08 JQ707945  B. vulgaris Negar
IR:Dash:B29P:Sug:08 JQ707946  B. vulgaris Dashtkar
IR:Neg:B31K:Sug:08 JQ707947  B. vulgaris Negar
IR:Neg:B32P:Sug:08 JQ707948 B. vulgaris Negar
IR:Neg:B33P:Sug:08 JQ707949  B. vulgaris Negar
IR:Neg:B34P:Sug:08 JQ707950 B. vulgaris Negar
IR:Yaz:B35K:Sug:06 JQ707951 B. vulgaris Yazd
Siv JX082259 B. vulgaris Sivand Soleimani et al. (2013)
IR:Tab:90:Cowpea: 10 JX131633 Vigna Tabadkan  Gharouni Kardani et al.
unguiculata (2013)
IR:Dar:128:Cowpea:10 JX131634 V. Dargaz
unguiculata
Zarghan JX912248 B. vulgaris Zarghan Soleimani et al. (2013)
IR:Toro:1B:Sug:10 JX945569  B. vulgaris Torogh Gharouni Kardani et al.
(2013)
IR:Boj:3Beet:Sug:10 JX945570  B. vulgaris Bojnord Gharouni Kardani et al.
(2013)
IR:Sabz:134T:Tomato:10 JX966233  Solanum Sabzevar
lycopersicum
IR:Hom:Tu69:Seabeet:10 JX987671 B.vulgaris Homayejan
subsp.
maritima
Iran:Chenaran:5Beet:Sugarbeet:2010 KC571252 B. vulgaris Chenaran
Iran:Fariman:6Beet:Sugarbeet:2010 KC571253 B. vulgaris Fariman
Kaftarak KP410285 S. Kaftarak Eini et al. (2016)
lycopersicum
BCTIV_IR_CZ7_2013 KX533466 Leafhopper Iran Kamali et al. (2017)
IR:Mash:Pep1:Pep:16 MH751505 Capsicum  Mashahd Tahan and Heydarnejad
frutescens (unpublished)
Yozgat MT459433 B. vulgaris Yozgat Yildirim et al. (2022)
o)
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Figure 1. Phylogenetic tree resulting from multiple alignment of nucleotide sequence of V2
gene from different BCTIV isolates. The information related to each census was given in
Table 1
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Table 2. DNA polymorphism parameters of BCTIV V2 sequences examined in this study
using DnaSP software (ver. 6)
Populaton S H HD Var(HD) SD(HD) Pi Thetaea Theta- K
Size w
31 94 20 0.963 0.00048 0.022  0.06517 0.07852 0.06710 23.463

*S: Number of polymorphic (segregating) sites, h: Number of Haplotypes, HD: Haplotype (gene)
diversity, Var(HD): Variance of Haplotype diversity, SD(HD): Standard Deviation of Haplotype
diversity, Pi: Nucleotide diversity, Thetaeta: Theta (per site) from Eta, Theta-W: Theta (per site) from
S, K: Average number of nucleotide differences.
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Figure 2. The dN-dS along 28 samples of BCTIV V2 codons. This ratio is achieved by
differences between nonsynonymous and synonymous positions (dN-dS). The dN-dS index
below zero is consistent with negative selection against protein change. In contrast, a dN-dS
index above zero may be an indication that adaptive or positive selection is driving gene
divergence. dS and dN are the numbers of synonymous and nonsynonymous substitutions

per site, respectively
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Figure 3. Schematic view of nine recombination events in different positions of nucleotide
sequences of V2 gene belonging to BCTIV isolates which were analyzed using DnaSP

software (version 6)
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Figure 4. Entropy analysis of genetic changes of V2 open reading frame nucleotide

sequences in Iranian BCTIV isolates
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