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Potyviruses cause severe diseases in different crops around the world. During March and
April 2018, 90 basil and 21 weed samples were collected from basil fields in the eastern
provinces of Iran. The total RNA of samples was extracted, and RT-PCR was performed
using degenerative primers of potyviruses. Sequence analysis showed that positive samples
were most closely related to Turnip mosaic virus (TuMV) or Bean yellow mosaic virus
(BCMV). Subsequently, specific primers of TuUMV were used to amplify a 980 bp amplicon
in a sample of Ocimum basilicum and Malva sylvestris. Furthermore, a 950 bp amplicon was
also detected in six samples of O. basilicum when specific BYMV primers were used for the
PCR assay. All amplified PCR products were cloned and sequenced. According to CP-based
phylogenetic analysis, two Iranian isolates of TuMV were placed in the Asian BR group.
Five Iranian isolates of BYMV were classified in the broad bean group, and another isolate
was placed in the general group. The homology matrix also showed that an isolate from
India had the least nucleotide identity (80%) with the Iranian isolate, while among the
Iranian isolate, SIB9 was very close to the Japanese isolate (98%). According to
recombination analysis, three Iranian isolates of BYMV were recombinant. Sequence
analysis of the TuMV isolate (SIB1) showed that it shared 99% nucleotide identity with the
Chinese isolate. This survey is the first report of two potyviruses, including TuMV and
BYMV, infecting O. basilicum in Iran.
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Introduction

Vegetables are an essential part of a healthy human diet
owing to their nutritional value. In the meantime, leafy
vegetables are great sources of vitamins, dietary fibers,
and minerals (Van Duyn & Pivonka, 2000). Basil plant
(Ocimum basilicum L.) (Ryding, 1994) is an herbaceous
annual plant of the family Lamiaceae (formerly called
Labiatae). An approximate area of 200 ha has been
devoted to the cultivation of basil plant in eastern
provinces (Sistan-o-Baluchistan and Khorasan). Due to
suitable climate and rich soil, basil is cultivated in these
areas throughout the year. Thus, leafy vegetables play a
key role in the economy of two provinces. Production of
vegetables are affected by several abiotic and biotic
factors, in which, potyviruses are the major cause of

vegetables disease in Iran. Recently, symptoms such as
mosaic, vein clearing and mild mosaic were observed in
the basil fields in lIran suggesting the presence of
potyviruses in Iranian fields.

The genus Potyvirus is one of the largest genera of plant
viruses comprises over 100 species with flexuous
particle morphology 700 nm long which are transmitted
by aphids via non-persistent manner (Adams et al.,
2005). They infect a wide range of mono-and
dicotyledonous plants and cause significant losses
around the world (Gibbs & Ohshima, 2010). The
genome is a single-stranded, positive-sense RNA
molecule of approximately 1000 nts in length with a
major open reading frame (ORF) that is translated into a
large polyprotein with small overlapping ORFs (Nguyen
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et al., 2013). A wide range of plant species, primarily
from the family Brassicaceae are infected by TuMV
(Walsh & Jenner, 2002). TuMV is one of the most
important virus diseases in 28 countries (Tomlinson,
1987). Coat protein (CP) is an important protein for
detection and molecular characterization of potyviruses
and the complete sequence of the coat protein gene has
been analyzed for many isolates in the world (Chen et
al., 2006; Korkmaz et al., 2007; Nguyen et al., 2013;
Nicolas & Laliberte, 1992; Ohshima et al., 1996, 2010;
Tomitaka & Ohshima, 2006; Wang & Pirone, 1999).
Furthermore, CP is involved in aphid transmission, cell-
to-cell and systemic movement and encapsidation. CP
sequences have been extensively studied to assess the
difference within and between potyvirus species
(Tomimura et al., 2004). The genome of different
isolates of TuMV from Iran, Italy, Germany, Canada,
Japan, Denmark, Russia, Poland, New Zealand and the
United Kingdom have been fully sequenced.

The second virus, BYMV, occurs worldwide and infects
plant species of the monocotyledonous and
dicotyledonous families. Many strains of BYMV have
been reported in different crops, but have not been
properly characterized (Barton et al., 1964; Doolittle &
Jones, 1925, Hampton et al., 1992; McKern et al., 1992;
Randles et al., 1980; Schroeder & Prowidenti 1966).
According to the results of various studies on basil
fields, Tobacco mosaic virus (TMV; Tobamovirus),
Cucumber mosaic virus (CMV; Cucumovirus) (Marei &
Magdy, 2017), Lucerne mosaic virus (LMV;
Alfamovirus) (Feldman & Gracia, 1970), Tomato
spotted wilt virus (TSWV; Tospovirus) (Holcomb et al.,
1999), Pepino mosaic virus (PepMV; Potexvirus) (Jones
et al., 1980), Impatiens necrotic spot virus (INSV;
Tospovirus) (Poojari & Naidu, 2013), Broad bean wilt
virus (BBWYV; Fabavirus) (Santz et al., 2001), and
Barely stripe mosaic virus (BSMV; Fabavirus) (Marei
& Magdy, 2017) were detected as main viruses naturally
infecting basil in the world. To the best of our
knowledge, there is no report on basil infection by the
genus Potyvirus in Iran. Considering leafy vegetables as
one of the most important group of vegetables in Iran,
this work studied the occurrence of potyviruses in
Iranian basil fields for the first time. Therefore, the full-
length coat protein gene of detected potyviruses as a
well-known parameter was sequenced to classify the
detected potyviruses (Berger et al., 1997).

Material and Methods

Sample collection

During March and April 2018, ninety samples of basil
and 21 samples of weeds showing vein clearing and
mild mosaic symptoms were collected from some main
cultivation regions in Sistan-o-Baluchistan and South
Khorasan Provinces in Iran. Ninety symptomatic
samples of basil leaves with different symptoms were
transferred to the lab for testing under cool conditions.

Total RNA extraction and RT-PCR

Total RNA was extracted from fresh leaves of basil
samples using an RNA Extraction Kit (Qiagen)
following the manufacturer's instructions. Primary
detection was carried out for all collected samples by
PCR assay using degenerate primers of potyviruses
(Marie-Jeanne et al., 2000) followed by using two
specific primer sets of BYMV and TuMV
(Bhadramurthy et al., 2011; Sanchez et al., 2003) (Table
1). For the reverse transcription (RT) reaction, 5 pl of
total RNA with 2.5ul revers primer and six pl of DEPC-
treated (nuclease-free) water. The mixture was
subsequently incubated at 60°C for 10 min to denature
the RNA, then chilled in an ice bath for one min. Four
pl of RT reaction mixture containing one pl of M-MLV
RT buffer and two pl of dNTPs as well as one pl of
RNasin were added to the denatured RNA extract.
Totally, nine pl of RT reaction was incubated at 42°C
for one hour followed by incubation at 95°C for three
min in an automated thermal cycler (Bioreba) to
terminate the RT reaction.

For BYMV detection, the PCR reaction was carried out
in a 25 pl reaction volume containing the sense and
antisense primers (10 pmol each), Tag DNA
polymerase, 1XPCR buffer and 10 uM of dNTPs. The
PCR mixture containing 46 ul of the above components
was added to the tubes containing four pl template DNA
resulting in a final reaction volume of 25pl.
Amplification was performed in an automated thermal
cycler (Bioreba). The program for BYMV detection
consisted of an initial denaturing cycle at 94°C for four
min followed by 40 cycles reaction profile involving of
denaturation at 94°C for 30 s, annealing at 50°C for one
min and extension at 72°C for one min. A final
extension step at 72°C for 10 min was included to
duplicate fragments using the specific primers of
BYMV. The program for TuUMV detection consisted of
an initial cDNA synthesis step at 94°C for 4 minutes,
followed by 35 cycles of denaturation at 94°C for 20
seconds, annealing at 55.5°C for 30 seconds, and
extension at 72°C for one minute. After the PCR
reaction, four pl of the PCR product was
electrophoresed on a 1% agarose gel containing 10%
DNA green viewer (Pars Tous Biotechnology Inc., Iran)
in 0.5 x Tris-borate EDTA buffer (TBE) with 0.7 ul of
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GeneRuler 100 bp DNA ladder (Fermentase). The gels
were observed under UV light in a gel documentation
system.

Biological properties

Leaf tissues of eight positive samples were ground in a
1% (w/v) solution of K,HPO, at pH 7.5 containing
0.01% Na,SOs, 2% polyvinyl pyrrolidone (PVP) and
0.05% ethylene diamine tetra acetic acid (EDTA).
Subsequently, extracts were mechanically inoculated on
Nicotiana tabacum cv. Samsun. Inoculated plants were
kept in a greenhouse and checked regularly and
symptoms were recorded.

Cloning and sequencing

Six and two amplified PCR products of TuMV and
BYMV, respectively, using specific primers were
finally cloned into pTZ57R/T plasmid vector
(InsTAclone™ PCR Cloning Kit, Fermentas) and
completely sequenced bidirectionally by Macrogen
Company (South Korea).

Sequence comparisons and phylogenetic
analysis

Complete nucleotide sequences of coat protein gene of
BaYMYV and TuMV isolates were first analyzed by the

BLASTnN algorithm available at NCBI
(http://lwww.ncbi.nlm.nih.gov/BLAST/).  Phylogenetic
trees were constructed using Maximum Likelihood
(ML) method embedded in MEGA7 (Tamura et al.,
2013) and viewed using Treeview (Page, 1996).
Complete nucleotide sequences of CP gene were used to
construct phylogenetic tree using MEGA7 (Tamura et
al., 2013). The full-length sequences of CP genes were
aligned and manually adjusted by Clustal W.
Phylogenetic trees were constructed using the
Maximum Parsimony method. Bootstrap re-sampling
(1000 replications) was used to measure the reliability
of individual nodes in each phylogenetic tree.
Homology and distance matrices were analyzed by
Megalign and SDTv softwares (Clewley & Arnold
1997; Muhire et al., 2014).

Recombination analysis by RDP4

Recombination analysis was carried out using
Recombination Detection Program v.4.16 (RDP4)
(Martin et al., 2015). Recombination events, possible
parental isolate of recombination, and recombination
breakpoints were analyzed by the RDP, GENECOVN,
Chimaera, Maxchi, BOOTSCAN and SISCAN methods
implemented in the RDP4 program with default setting
(Martin et al., 2015).

Table 1. Primers used to amplify coat protein (CP) and NIb gene sequences of the Iranian BYMV and TuMV isolates.

Primer names Primer sequences (5 -3" ) Amplified region Virus References
Oligoln- F1 ATggTHTggTgYATHgARAAYgg CP-UTR Potyvirus Marie-Jeanne et al. (2000)
Oligo2n-R1 TgCTgCKgCYTTCATYTg CP-UTR Potyvirus Marie-Jeanne et al. (2000)
TuMV-F2 TATTTCCCATAAGCGAGAATA CP TuMV Sanchez et al. (2003)
TuMV-R2 CAAGCAATCTTTGAGGATTAT CP TuMV Sanchez et al. (2003)
BYMV-F3 GCACCATATAGTCAATTGAG CP-NIb BYMV Bhadramurthy et al. (2011)
BYMV-R3 GACATCTCCTGCTGTGTG CP-NIb BYMV Bhadramurthy et al. (2011)
specific primers of TuUMV. In addition, 950 bp fragment
Results was amplified for six basil samples using specific

Potyvirus detection

Ninety samples of basil and 21 symptomatic samples of
weeds from the basil fields of the eastern provinces of
Iran were screened by PCR assay for the presence of
potyviruses. Results revealed the potyvirus infection of
eight samples (out of 111). Screening these samples by
RT-PCR indicated that 760 bp fragment was amplified
for one weed (M. sylvestris) and one basil samples using

primers of BYMV (Fig.1 and Table 2).

Biological properties

Symptoms of the plants were evaluated at 14-day
intervals until four weeks of post-inoculation. All eight
Iranian isolates in this study induced symptoms on the
test plants and BYMV and TuMV were detected in
inoculated plants by RT-PCR using specific primers as
previously described.
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Fig. 1. Symptoms observed in basil and Malva sylvestris samples infected with turnip mosaic virus (TuMV) or bean yellow
mosaic virus (BYMV) in basil fields. Basil plants infected with TuMV showing yellow mosaic and dwarfing (A); Basil
plants infected with BYMV showing mild chlorosis and dwarfing (B); M. sylvestris plants infected with TuMV showing
mild chlorosis and dwarfing (C).

Table 2. Occurrence of potyviruses on collected samples from basil fields in different parts of Sistan-o-Baluchistan

Province.
Number  Positive  Positive Name of
Province Region Host of sample sample isolates Recombinant
samples  (TuMV) (BYMV)
o - SIB7-SIB8-
Mahmod Abad Ocimium basilicum 15 - 3 SIB9 SIB8
Chenopodium album 2 - - - -
Ocimum basilicum 25 - - - -
Abasabad Malva sylvestris 5 1 - SIB3 -
Sistan-o- Ocimium basilicum 15 1 1 SIB1-SIB12 SIB12
Baluchistan Esmaelabad Chenopodium album 2 - - - -
Khorasan Ocimium basilicum 25 - 2 SIB10-SIB11 SIB11
Chenopodium album 3 - - -
Birjand Portulaca oleacea 3 - - - -
Amaranthus retroflexus 4 - - - -
Solanum nigrum 2 - - - -
Neyshabor Ocimum basilicum 10 - - - -
SIB7, SIB11, SIB12 and SIB9) together with Iragi and
Genome characterization and Japanese isolates. The homology matrix also showed

phylogenetic analysis of BYMV

The nucleotide sequence of the CP-NIb gene of the six
Iranian and selected GenBank isolates were used for
multiple sequence alignment and then a phylogeny tree
was constructed using MEGA7 software (Fig. 2).
Accordingly, BYMV isolates were classified in five
clusters of General, Broad bean, Canna, Monocot and
Pea. Among these categories, the first group consisted
of the Iranian isolate (SIB10) together with Japanese,
Australian, Dutch, Indian and American isolates. The
second category consisted of the Iranian isolates (SLB8,

that SIB9 isolate was very similar to the Japanese isolate
from Vicia faba and shared 98% nucleotide identity.
However, the least nucleotide identity of 80% was
observed with Indian isolate infecting Glodiolus sp.
(data not shown).

Recombination analysis of BYMV by RDP4

For detection of the putative recombination signals
observed by the network analysis, recombination
detection analysis was performed using RDP4 software
which contains various recombination detection
algorithms such as RDP, GENECONY(G), Chimaera
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(C), Maxchi (M), BOOTSCAN (B) and SISCAN (S).
Results showed that three isolates including SIB12,
SIB11 and SIB8 were recombinant (Table 3). SIB11land
SIB12 were estimated to have two recombination events

detected by Chimaera, Maxchi, BOOTSCAN and
SISCAN. SIB8 was estimated to have one
recombination event detected by Maxchi, BOOTSCAN
and SISCAN.

54— AB041972 Pinguicula Vulgaris

AF 182782 Lupin.Australian
X63358._Glodiolus Netherlands
AM113706.Glodiolus . India
‘- D00490.Glodiolus USA

23
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: AB029439 Glodiolus .Japan
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‘MEEJQOM Broad_bean raq
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FM180011.Passiflora. Raly
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NC_003536
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Fig. 2. Phylogenetic tree obtained from the alignment of nucleotide sequences of the CP-NIb of BYMV isolates from six
Iranian isolates of Basil and selected GenBank isolates. For each sequence, the country of origin, name of isolate and
accession number are indicated. Phylogenetic tree was constructed using MEGAX version 7 software and Maximum
Likelihood method with 1000 bootstrap replications. Narcissus mosaic virus (NC_003536) is considered as outgroup.

Table 3. List of detected recombination events in Iranian basil isolates of BY MV genome.

Detection methods

Number Recombinant isolate Major parent Minor parent R GBMZGCS T
1 SIB12.Basil.lran D89545.Vicia faba.Japan AB029438.Glodiolus.Japan - + + + + + +
2 SIB11.Basil.lran SIB_l?.Oumum AB041971.Glodiolus.Japan - + + + + + +

basilicum.Iran
3 SIB8.Basil.lran A.8029439' SIB9.Basil.lran + + -+ -+ 4+
Glodiolussp.Japan
4 SIB11.Basil.lran SIB9.Ocimum basilicum.lran ~ AM113706.Glodiolus.India - + - + + + +
5 SIB10.Basil Iran ABO41972_.P|ngU|cuIa Unknown e e s
vulgaris.Japan
6 SIB10.Basil.lran Unknown AB029439.Glodiolus.Japan - - - + - - -
7 S77515.1.Arachis.USA KT934334.Sunflower.lran JQ026004.Broadbean.lraq  + + - + + + +
8 SIB9.Basil.Iran SIB12.Ocimumbasilicum.lran ~ AB029438.Glodiolus.Japan - + - - - + +
9 AB029439.Glodiolus.Japan AM113706'G;0d'OIUSSp'Ind' Unknown + - -+ o+ o+ o+
10 AM113706.Glodiolus.India AB041972 Pinguiula Unknown -+ - - - -

vulgaris.Japan

Phylogenetic analysis of TuMV Isolates

Comparison of the CP gene of two TuMV isolates with
selected GenBank isolates revealed that they fitted

within five major phylogenetic groups including basal
B, basal BR, World B, Iranian and Asian BR (Fig. 3).
The sequences obtained from the Iranian isolates (SIBI
and SIB3) were closest to the isolates in the Asian
group. There were 12 Iranian isolates (sequenced in
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another study), two Chinese isolates and a Turkish
isolate in the Asian group. In this study, none of the
Iranian isolates were included in the basal B, basal BR,
Iranian and World B groups. The alignment of the
nucleotide sequences of the SIB1 isolate with other
isolates showed the maximum nucleotide identity of
99% with the Chinese isolate (data not shown).
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Recombination analysis of TUMV byRDP4

The full-length sequence of coat protein gene was
determined for Iranian isolates (SIB1 and SIB3) from O.
basilicum and M. sylvestris. No evidence of
recombination event was found for both isolates.

Basal-B

Iranian

World-B

Basal-BR

Asian-BR

Fig. 3. Phylogenetic tree obtained from alignment of nucleotide sequences of the CP of TuMV isolates for two Iranian and
selected GenBank isolates. For each sequence, the country of origin, name of isolate and accession numbers are indicated.
Phylogenetic tree was constructed using MEGAX version 7 and the Maximum Likelihood tree test with 1000 bootstrap
replications as the best method for phylogeny of this virus. Clover yellow vein virus (NC001441) is considered as

outgroup.
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Discussion

According to the literature, potyviruses infect a large
number of economical crops and wild plants around the
world. In this study, two economically important
potyviruses including BYMV and TuMV were detected
in the Iranian basil fields. RT-PCR assay carried out
using degenerate and specific primers followed by
sequencing of PCR amplicons. Finally, expected
fragments were amplified for six basil and two basil and
M. sylvestris samples (one basil and one weed samples)
for BYMV and TuMV infection, respectively.
Comparison of the resulting sequences with those in the
NCBI database confirmed the presence of BYMV in
basil and TuMV in the basil and weed samples. This
study is the first report of the basil infection with TuMV
and BYMV in Iran. Moreover, M. sylvestris was
reported as a natural weed host of TuMV for the first
time in this study. As important reservoirs, weeds act as
mixing bowls for recombination events (Hosseini &
Salari, 2017).

Analysis of the phylogenetic tree showed that most
Iranian isolates of BYMV were classified in the Broad
Bean group indicating a correlation between geographic
and genotypic origins. Although this is not the case for
all isolates, the coincidence of the Iranian isolate
(SI1B10) with the Japanese, Australian, Indian, Dutch
and American isolates in Group 1 disrupts geographical
distribution with phylogenetic proximity. This shows
that the worldwide spread of BYMV is not possible by
natural vectors (aphids) which supports the possibility
of human interference and in other words its spread by
seeds. Another point to note about the diversity of
Iranian isolates is that BYMV has probably entered to
Iran more than once in various ways leading to
recombination among the virus isolates (Lovisolo et al.,
2003; Spetz et al., 2003).

The alignment of BYMV nucleotide sequences of the
Iranian isolates showed the highest nucleotide identity
of 100% between SIB11 and SIB7 in the CP coding
region. However, the SIB10 isolate shared the least
identity with the SIB9 isolate. Based on multiple
comparisons of the nucleotide level of BYMV with
other GenBank isolates, it was found that BYMYV shared
98% identity with the Japanese isolate (D89545) as
reported by Wylie et al. (2008) based on part of the CP
gene. This survey also indicated a high nucleotide
identity between the Iranian and Japanese isolates. This
observation may suggest that BYMV moved from Japan
to Iran or vice versa perhaps due to human migrants
who carried infected soil with seeds. Moreover, the
lowest nucleotide identity of 80% was observed for the
Indian isolate in General group (Kaur et al., 2013) and

the highest nucleotide identity between Indian and
Iranian BYMYV isolates on ornamental plants and with
unrelated Australian and Japanese bean isolates.

The occurrence of recombination among BYMV
isolates was investigated by BOOTSCAN, RDP,
GENECOV, SISCAN, MAXCHI and ChIMERA
methods. In the meantime, the recombinant SIBS,
SIB11 and SIB12 isolates were detected in the CP
region. The recombination events with a P-value of less
than 1.0 x 10—-6 were selected. The most important
reason for these recombination events is probably the
common viral hosts and the mixed infection of some of
them leading to viral adaption to the new conditions and
ultimately plant infection by the virus. The parents of
BYMV recombinants have been originated from the
Iranian and Japanese isolates. The emergence of the
new compatible isolates among the BYMYV populations
on O. basilicum in this study indicated the
recombination flow in nature. It is suspected that newly
recombinant isolates appear on weed reservoirs for the
adaption of new hosts to new environmental conditions.
Therefore, a better understanding of genetic diversity
and emotional evolution of BYMV populations in weed
reservoirs leads to the design of more stable control
methods (Lian et al., 2013).

Molecular and phylogenetic analysis of Turnip mosaic
virus in a basil field in eastern provinces of Iran
confirmed infection of two samples by TuMV. The
virus was not detected in some regions of the province
where the samples were collected. This can be attributed
to a variety of factors such as the lack of primary
sources of infection, wvector activity and different
ecological changes. In this study, five phylogenetic
groups were formed based on the coat protein sequence.
The isolates in this study were classified into the Asian
BR group (Tan et al.,, 2004). The Iranian isolates,
however, in the basal B, basal BR, World B and Iranian
groups were included from previous research (Farzadfar
et al., 2009; Heydari et al., 2018; Yasaka et al., 2017).
Surprisingly, no isolates in this study were included in
these groups. The isolates of this study were placed in
the same groups with other Iranian isolates including
Crocus sativus, Brassica rapa, Raphanus rogusum,
Raphanus raphanistrum and S. loesellii. This shows the
common ancestors of the above-mentioned isolates and
also indicates the lack of role of the host in
classification. According to the results of RT-PCR and
sequencing, the weed M. sylvestris was identified as the
wild host of TuMV for the first time. Phylogenetic
analysis showed that this isolate is classified in the
Asian BR group close to another Iranian isolate because
of the same geographical location despite the detection
of the virus from the M. sylvestris.
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Sistan-o-Baluchistan and Khorasan Provinces are major
areas under vegetable cultivation in Iran and often offer
a climate suitable for developing aphids. In this
research, TUMV and BYMV were identified in some
regions of these eastern areas in Iran. These potyviruses
could therefore represent a new potential threat to
vegetable growers, particularly basil in Iran.

Conclusion

Potyviruses are among the most economically important
plant viruses, capable of causing severe diseases in
various crops. In this study, we report the first detection
and molecular characterization of two potyviruses,
turnip mosaic virus and bean yellow mosaic virus,
infecting basil (O. basilicum) and associated weed
species in Iran. The phylogenetic and recombination
analyses revealed genetic diversity among the Iranian
isolates, with some BYMV isolates identified as
emerging recombinants. This suggests that the viral
populations are adapting to new host plants and
environmental conditions in Iran. The results of this
study emphasize the importance of continuous
monitoring of potyviruses in vegetable crops and wild
reservoirs. To secure the future of vegetable cultivation
in Iran, it is crucial to incorporate, resistance against
potyviruses such as BYMV and TuMV into the current
breeding strategies.
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