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Abstract: Beet western yellows virus (BWYV), a species of the genus 
Polerovirus in the family Luteoviridae, is an agriculturally important virus 
infecting over 150 plant species in 23 dicotyledonous families worldwide. A 
survey of BWYV in canola fields in Golestan and Tehran provinces of Iran 
using indirect triple antibody sandwich enzyme-linked immunosorbent assay 
(TAS-ELISA) indicated 8.3 % infection. The presence of BWYV was 
confirmed by amplification of the coat protein (CP) gene of the virus via 
running a reverse transcription-polymerase chain reaction (RT-PCR) on total 
RNA extracted from ELISA positive leaf tissues. DNA sequences of the 
BWYV coat protein (CP) gene of seven Iranian isolates were determined and 
compared at the nucleotide (nt) and amino acid (aa) levels with those of 
twelve BWYV isolates from different countries deposited in GenBank. 
Sequence analysis data showed that the identity of BWYV-CP at nt and aa 
levels among the Iranian isolates were 93.4 % to 100 % and 93.2 % to 100 
%, respectively. The maximum similarity of isolates at nt and aa levels were 
97.2 and 96.6 %, which occurred among two Iranian isolates (Ir 8 and Ir 100) 
and four isolates from France (L39967 and X13063) and England (L39973 
and L39970). The recombination analysis among the nineteen isolates 
including seven Iranian isolates revealed that there was no distinct intra-
specific recombination event among BWYV isolates. This is the first report 
of sequencing and analyzing of the BWYV CP gene of Iranian BWYV 
isolates. 
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Introduction12 
 
Beet western yellows virus (BWYV) is one 
of the most economically important and 
widespread viruses of Brassicaceae in the 
world (Hampton et al., 1998). The virus 
causes yellowing and stunting in a large 
number of host crop plants, including sugar 
beet (Beta vulgaris L.), spinach (Spinacia 
oleracea L.), lettuce (Lactuca sativa L.), 
canola (Brassica napus L.) and has a wide 
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host range including over 150 plant species 
belonging to 23 dicotyledonous families 
(Stevens et al., 2005). BWYV belongs to 
the genus Polerovirus in the family 
Luteoviridae which is phloem limited and 
only transmitted by aphids in a circulative 
non-propagative manner (King et al., 2012). 
The main virus vector is the peach-potato 
aphid, Myzus persicae Sulz. (Hampton et 
al., 1998). The BWYV genome is a linear, 
single stranded positive sense RNA of ~ 5.7 
kb, contains six open reading frames 
(ORFs) and with a viral protein genome-
linked (VPg) at the 5`end and an OH group 
at the 3` end (King et al., 2012). ORF0 
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seems to be involved in disease symptoms 
expression, as determined for PLRV (van 
der Wilk et al., 1997). The ORF1 and ORF2 
encode the viral replicase complex, 
ORF1having the helicase activity, while 
ORF2 contains the replicase motif, 
characterized by the presence of the highly 
conserved GDD motif. The major capsid 
protein of BWYV is encoded by ORF3 and 
corresponds to a 22.5 kDa. The minor 
capsid protein is a readthrough protein P74 
derived from ORF3 (Wang et al., 1995) and 
the adjacent ORF5 by translational 
readthrough of the ORF3 codon (Veidt et 
al., 1992). This protein is required for 
efficient virus accumulation and since it 
intervenes in virus movement, it increases 
the rate of new infection foci (Brault et al., 
1995; Mutterer et al., 1999). The product 
encoded by ORF4 (19 kDa) has been 
suggested to be a MP-like protein (Schmitz 
et al., 1997). 

The genes in the 3’ half of the BWYV 
genome are expressed from a subgenomic 
RNA (sgRNA), having a high homology at 
the 3’ end to each other, probably because 
they confer the properties of circulative aphid 
transmission and phloem specific cell to cell 
movement (Miller et al., 1995). It has been 
postulated that an ORF (ORF7) at the 3’ end 
could be present in BWYV, as a product from 
a sgRNA2, which has been found in PLRV 
(Ashoub et al., 1998). Brassica spp. are 
known to be susceptible to BWYV disease 
(Smith and Hinckles, 1985). Although most 
of the BWYV reports have originated from 
the United States, BWYV-like symptoms 
have also been reported from Britain and 
Euroupe, as well as from the old world (e. g., 
Iran). Phylogenetic analysis using partial 
nucleotide sequences containing a 1.2 kb of 
the genome and covering the C-terminus of 
the polymerase gene, the intergenic region 
and the coat protein/ movement protein 
genes, differentiated BWYV isolates into 
three distinct groups (de Miranda et al., 
1995). Further analysis of the CP sequences 
of additional isolates corresponding to either 

their biological properties or geographical 
locations showed five clusters (Hauser et al., 
2000).  

Although BWYV has been reported from 
different regions in Iran (Makkouk et al., 
2002, Shahraeen et al., 2003), little is known 
about the molecular diversity of the isolates. 
Therefore in the present study, the 
phylogenetic relationship and recombination 
analysis of Iranian BWYV isolates infecting 
canola plants were investigated based on their 
coat protein gene.  
 
Materials and Methods 
 
Sampling and virus isolates 
In a survey of some Iranian canola fields 
conducted in April 2008 and 2009 about six-
hundred leaf samples were randomly collected 
from three distinct regions in Golestan province 
and a canola field located in faculty of 
Agriculture of Tarbiat Modares University, 
Tehran. Samples were assayed for the presence 
of BWYV by indirect triple antibody sandwich 
enzyme-linked immunosorbent assay (TAS-
ELISA) using the anti-BWYV monoclonal 
antibody (DSMZ, Germany) following the 
manufacturer’s instructions. Three replicates of 
each sample were added into three wells on the 
microtiter plate. Samples were considered as 
positive if the mean absorbance value at 405 
nm for three replicates was at least twice that of 
the negative control (Dijkstra and de Jager, 
1998). Of 600 samples collected, 50 samples 
were infected by BWYV. Based on region and 
year of collections, seven out of the 50 samples 
were selected for further study. 
 
RNA isolation, RT-PCR, cloning and 
sequencing  
RNA extraction of infected samples was 
carried out according to the method of de 
Miranda et al., (1995). Primers BWYV-CP-F 
(5′ATGAATACGGTCGTGGGTAGAAG3′) 
consisted of 23 nt identical to nucleotides 
3484-3506 and the reverse primer BWYV-R 
(5′CCAGCTATCGATGAAGAACCATTG-
3′) consisted of 24 nt, the complementary to 
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nucleotides 4022- 4046 were used to amplify 
the coat protein gene of the BWYV genome 
(Stevens et al., 2005). In summary, 2.5μl of 
total plant RNA were added to 2μl of the 
reverse primer (10 pmol) and it was incubated 
at 70 °C for 5min to denature nucleic acid. 
The tube was immediately chilled on ice and 
then cDNA was synthesized by adding this 
mixture to 0.5 μl M-MuLV Reverse 
Transcriptase (5 unit/μl) (Fermentas, 
Lithuania), 1 μl dNTPs (1mM), 0.25 μl 
Riboblock-Rnasin (2 unit/μl) (Fermentas, 
Lithuania), 2 μl of M-MuLV Reverse 
Transcriptase buffer (Fermentas, Lithuania) 
and 1.75 μl DEPC water incubated at 42 °C 
for 60 min. Polymerase chain reaction (PCR) 
was performed using template cDNA (2.5 μl) 
in a 10 µl reaction mix containing 1X PCR 
buffer, 50 mM MgCl2, 10 pmol each of 
reverse and forward primers and 5 unit of Taq 
DNA polymerase (Fermentas, Lithuania).  

PCR amplification was performed under 
the following conditions: an initial 
denaturation at 94 ºC for 5 min, followed by 
30 cycles of denaturation at 94 ºC for 30 s, 
annealing at 61 ºC for 30 s, and extension of 
72 ˚C for 72 s and a final elongation step for 
5 min at 72 ºC. 

PCR products were separated by 
electrophoresis on 1.2 % agarose gel in 1×TBE 
buffer (100 mM Tris, 500 mM boric acid and 1 
mM EDTA), at 100V for 40min and stained 
with ethidium bromide. A 1Kb GeneRulerTM 
ladder (Fermantas, Lithuania) was used as a 
size marker.  

The amplified DNA fragment of the 
predicted size (~ 562 bp) was recovered from 
agarose gel by silica beads DNA gel extraction 
kit (Fermentas, Lithuania). Three purified RT-
PCR products of each isolate were ligated into 
the pTZ57R/T vector (Fermentas, Lithuania) 
following the manufacturer’s instructions and 
transferred into Escherichia coli DH5α 
(Sambrook et al., 2001). Three clones from 
each of the recombinant plasmids were 
selected for sequencing. The desired 
recombinant plasmids were sequenced by 
Macrogen (South Korea).  

phylogenetic analysis  
The sequencing data were assembled using 
Chromas ver 1.41 (Mc Carthy, 1996). Based 
on nucleotide sequences of the BWYV CP 
gene, the phylogenetic relationship between 
the Iranian and exotic isolates (Table 1) were 
assessed using Clustal X ver. 2.0.10 (Larkin 
et al., 2007). Beet mild yellowing virus 
(BMYV) was used as an out-group in the 
analyses. The alignment was checked visually 
and edited manually with GeneDoc ver. 
2.7.00 (Nicholas and Nicholas, 1997) and 
phylogenetic trees were drawn using 
neighbor-joining (NJ), maximum likelihood 
(ML), and bayesian methods. The tree was 
visualized using Mega4 software (Kumar et 
al., 2008). A bootstrap value for each node of 
the generated trees was calculated using 1000 
bootstrap replicates, and then the tree was 
viewed using Treeview software (Page, 
1996). A similar procedure was used when 
the tree was based on deduced amino acid 
data. 

The coat protein gene sequences of BWYV 
Iranian isolates and twelve exotic sequences 
were assessed for the occurrence of putative 
recombination events by two methods of 
SiScan (Gibbs et al. 2000) and RDP (Martin 
and Rybicki, 2000) using Recombination 
Detection Program version 3 (RDP3) (Martin et 
al., 2010), with the default settings (highest 
acceptable probability value = 0.05). 
 
Results & Discussion 
The incidence of BWYV was determined in 
three canola growing regions of Golestan and 
Tehran provinces in Iran by TAS-ELISA and 
RT-PCR. Results indicated that the virus was 
naturally distributed in Brassica-growing 
areas in these provinces of Iran and was 
detected in 50 out of some 600 tested 
samples. Based on the geographical origins of 
sampling and year of collections, seven 
isolates including IR-10, IR-4, IR-8, IR-11, 
IR100, IR317 and IR15 were selected for 
further studies. An expected fragment (~ 563 
bp) was obtained from each ELISA positive 
isolate using RT-PCR with a pair of primers 

 [
 D

O
R

: 2
0.

10
01

.1
.2

25
19

04
1.

20
12

.1
.3

.6
.1

 ]
 

 [
 D

ow
nl

oa
de

d 
fr

om
 jc

p.
m

od
ar

es
.a

c.
ir

 o
n 

20
23

-0
5-

23
 ]

 

                               3 / 9

https://dorl.net/dor/20.1001.1.22519041.2012.1.3.6.1
https://jcp.modares.ac.ir/article-3-7126-en.html


Comparison of the coat protein gene of BWYV isolates _________________________________ J. Crop Prot.  

 214

which amplified BWYV coat protein. The 
amplified fragments by RT-PCR were ligated 
into the pTZ57RT vector (Fermentas, 
Lithuania) and transformed into Escherichia 
coli DH5α. The desired recombinant plasmids 
were sequenced. Furthermore, the sequences 
of twelve more BWYV isolates which were 
previously characterized were included in the 
analysis (totally 19 BWYV isolates). The 
GenBank accession numbers of sequences 
determined in this study and those of 
previously recorded sequences in GenBank 
are presented in Table 1. 

The nucleotide and amino acid sequence 
identities between the seven Iranian isolates were 
93.4-100 % and 93.2-100 % respectively. In 
most cases the identity between the isolates 
based on aa sequences was in accordance with 
that of nt sequences (Table 2, 3). Comparison of 
Iranian BWYV isolates at both nt and aa levels 
showed that seven sequenced isolates were 
divided into two distinct clusters of which 
isolates Ir8, Ir100, Ir11 and Ir4 were placed in a 
same group with two branches and the other 
three Iranian isolates Ir15, Ir317 and Ir10 were 
located in another group in which Ir15 and Ir317 
were identical at both nt and aa levels (Fig. 1). 

 
Table 1 The GenBank accession numbers and characteristics of Beet western yellows virus isolates/strains used 
in this study. 
 

Isolate/strain Accession No. Host Country of 
origin Reference 

BWYV1-Isolate 7 L39974 B. oleraceae  England de Miranda et al., 1995 

BWYV2-Isolate 2 L39967 B. napus France de Miranda et al., 1995 

BWYV1-Isolate3a2 L39969 B. napus England de Miranda et al., 1995 

BWYV2-Isolate3b L39970 B. napus England de Miranda et al., 1995 

BWYV1-Isolate6 L39973 B. oleraceae  England de Miranda et al., 1995 

BWYV-CP L40019 B. vulgaris Italy de Miranda et al., 1995 

BWYV1-Isolate 12a L39977 B. vulgaris Italy de Miranda et al., 1995 

BWYV1-Isolate 5 L39986 B. oleraceae  England de Miranda et al., 1995 

BWYV-CP L40016 B. vulgaris France de Miranda et al., 1995 

BWYV-CP L40020 B. vulgaris Italy de Miranda et al., 1995 

BWYV strain USA AF473561 B. vulgaris USA Direct submission 

BWYV-FL1 X13063 Lactuca sativa France de Miranda et al., 1995 

IR 4 JX501661 B. napus Iran This study 

IR 8 JX501662 B. napus Iran This study 

IR 10 JX501663 B. napus Iran This study 

IR 11 JX501664 B. napus Iran This study 

IR 15 JX501665 B. napus Iran This study 

IR 100 JX501666 B. napus Iran This study 

IR 317 JX501667 B. napus Iran This study 

BMYV NC_003491 B. vulgaris USA Guilley et al., 1995 
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Table 2 Percent sequence identity and diversity of the first 528 nucleotides of the coat protein gene between 19 
Beet western yellows virus isolates including seven Iranian Beet western yellows virus isolates. Details of the 
isolates are presented in Table 1. 
 

 
 
 
Table 3 Percent sequence identity and diversity of the deduced amino acid of ORF 3 between 19 Beet western 
yellows virus isolates including seven Iranian Beet western yellows virus isolates. Details of the isolates are 
presented in Table 1. 
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Figure 1 Phylogenetic tree reconstructed by the neighbor-joining method from the multiple alignments of 19 
Beet western yellows virus isolates coat protein nucleic acid sequences. Bootstrap values are given on each 
cluster node. Beet mild yellowing virus another species of Polerovirus was used as out-group. Details of the 
isolates are presented in Table 1. 
 
 

Therefore, sequence analysis data showed 
that the Ir15 and Ir317 isolates were most 
closely related Iranian isolates with 100 % 
identity, whereas they had the lowest homology 
with Ir100 isolate at both nt and aa levels with 
93.4 % and 93.2 % identity, respectively. The 
Ir15 and Ir317 isolates were also most distinct 
from Ir8 isolate at aa level with 93.2 % identity 
(Tables 2 and 3). The phylogenetic tree 
reconstructed from the CP gene sequences for 
all of the 19 BWYV isolates including seven 

Iranian BWYV isolates showed that the Ir8 
isolate was the closest to the French isolate 
(X13063) with 97.2 % identity that was isolated 
from Lactuca sativa and next to it the isolate 
Ir100 was closely related to the England isolate 
(L39973) with 97 % identity that was isolated 
from B. oleraceae , while Ir15, and Ir317 
isolates with 90.9 % identity were the most 
distant to Italian isolate (L39977) that was 
isolated from sugar beet (B. vulgaris) (Table 2). 
These results demonstrated that the host of the 
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virus could play an important role in genetic 
diversity of BWYV. 

Comparison of deduced amino acid 
sequences of cp gene between Iranian and non-
Iranian isolates of BWYV obtained from 
different host plants showed some differences. 
Ir8 and Ir100 isolates obtained from Brassica 
napus infected host, indicated the closest 
similarity to the isolates from France (X13063 
and L39967) and England (L39970 and 
L39973) obtained from B. napus and B. 
oleraceae, whereas, the Iranian BWYV isolates 
Ir15 and IR317 were the most distant from an 
American isolate (AF473561) which was 
obtained from sugar beet (B. vulgaris) with 89.2 
% identity (Table 3). This difference could be 
due to the virus host rather than geographical 
effects. On the other hand, sequence analysis of 
the CP amino acid of BMYV and BWYV 
isolates showed that they are grouped into five 
clusters according to either their host range or 
geographical location (Hauser et al., 2000). 
Therefore, the effect of host range and 
geographical location on phylogeny and genetic 
diversity of BWYV isolates remains to be 
examined. 

The results presented here are to some extent 
in accordance with those of de Miranda et al., 
1995 who showed that an Iranian BWYV 
isolate from Fars province and Southern 
European BWYV isolates are placed in the 
same group and are distinct from American and 
Northern European isolates. 

Recombination analysis of the coat protein 
gene of BWYV with SiScan, BootScan, 
Geneconov, and RDP3 recombination analysis 
methods indicated that the recombination event 
had not occurred within the 19 studied BWYV 
isolates (data not shown). This could be due to not 
very long history of canola cultivation in Iran. 
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ي كلزاهاي ويروس زردي غربي چغندر آلوده كنندهمقايسه ترادف ژن پروتئين پوششي جدايه  
 

   و ناصر صفايي* بخشسمسعود شم، آتنا زاهدي طبرستاني
  

  شناسي گياهي، دانشكده كشاورزي، دانشگاه تربيت مدرسگروه بيماري
  shamsbakhsh@modares.ac.ir :مسئول مكاتبهنويسنده پست الكترونيكي * 

 1391  مرداد9:  پذيرش؛1390 خرداد 30: دريافت
 

 و خانواده  Polerovirusهاي جنس از گونه(BWYV)ويروس زردي غربي چغندر  :چكيده
Luteoviridaeگونه گياهي متعلق به 150باشد كه بيش از هاي مهم كشاورزي مي يكي از ويروس 

هاي  در مزارع كلزاي استانBWYVرديابي . كنداي را در سطح دنيا آلوده ميلپه خانواده گياهان دو23
هاي اليزا ي نمونهودگآل. آلودگي را نشان داد% 3/8گلستان و تهران توسط آزمون اليزاي غيرمستقيم 

ترادف ژن پروتئين پوششي هفت . ييد شدأ تRT-PCR ژن پروتئين پوششي ويروس توسطمثبت با تكثير
 جدايه از كشورهاي متفاوت 12يك و اسيد آمينه با ترادف جدايه منتخب تعيين و در سطوح اسيد نوكلئ

 BWYV اسيد نوكلئيك ژن پروتئين پوششي ترادفاي مقايسهآناليز .  مقايسه شدGenBankموجود در 
بيشترين .  نشان دادتشابهم% 100 - 2/93  درصد و در سطح اسيد آمينه100- 4/93اي ايراني هجدايه
 هاي فرانسه از ايران با جدايهIr100 و  Ir8هايها بين جدايهر جدايههاي ايراني با ساي جدايهتشابه

)X13063و L39967(و انگليس  )L39973  وL39970( ترتيب در سطح اسيد به% 6/96و % 2/97 با
اي را در بين ژن گونهآناليز نوتركيبي هيچگونه رخداد نوتركيبي درون . نوكلئيك و اسيد آمينه بود

تحليل بخشي از ژنوم   تجزيه و،اين اولين گزارش از تعيين ترادف. نشان نداد BWYV پوششي پروتئين
  .اني ويروس زردي غربي چغندر استهاي ايرجدايه

  
 تنوع ژنتيكي، BWYV ،Polerovirus :واژگان كليدي
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