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Abstract:
Original Research

Faba bean necrotic yellows virus (FBNYV; Nanovirus necroflaviviciae,

Received: 09 August 2025 Nanoviridae) is one of the most important viruses infecting leguminous plants in
Revised: date: 24 August 2025 Asia, Africa and Europe. In the current research, eight genomic components of two
Accepted: 10 September 2025 chickpea and lentil isolates of the virus, as well as six genomic components of the

fenugreek isolate, collected from farms in Northern Khorasan and Razavi Khorasan

Provinces, respectively, were amplified using polymerase chain reaction, cloned and
How to Cite: Sadeghi-Majd, J., Heydarnejad, J.,  sequenced. Comparison of the sequences of concatenated genome components of
& Salari, A. (2024). Nucleotide sequence and DNA-R, DNA-S, DNA-M, DNA-N, DNA-U1 and DNA-U4 of the three isolates
phylogenetic analysis of chickpea, lentil and — showed that they shared nucleotide identity of 94.9%-96.20%. Among the six
fenugreek isolates of faba bean necrotic yellows - honents, DNA-R and DNA-M were found to be the most and the least diverse
components relative to the others (99.1% and 99.3% and 85.9%-97.8% identities,
respectively). Analysis of the constructed phylogenetic tree showed that three studied
isolates were clustered with other Iranian, as well as two Azerbaijani GenBank
isolates, in a district group. Furthermore, the pattern of the geographic distribution
of all Iranian FBNYV isolates is related to their phylogeny. These results affirm that

@ in addition to leguminous plants, FBNYYV is prevalent in leafy vegetable farms in
1 Iran.
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Extended Abstract
Introduction

Nanoviruses, belonging to the genus Nanovirus in the family
Nanoviridae, are significant plant viruses affecting
fabaceous plants and certain leafy vegetables (Avish-
Koohshahi et al., 2021; Esmaeili et al., 2023; Lal, Kil, et al.,
2020). Their genome consists of eight positive circular
single-stranded (ss) DNA components including DNA-S,
DNA-C, DNA-M, DNA-N, DNA-R, DNA-U1, DNA-U2,
and DNA-U4, each ~1.0 kb in size and encapsidated within
17-19 nm polyhedral particles. Each genomic component
contains a single open reading frame (ORF), with most
encoded proteins having documented functions in
replication and pathogenicity. Furthermore, each component
features two intergenic regions, the common region major
(CR-M) and common region stem-loop (CR-SL), essential
for replication via rolling circle amplification (RCA)
(Gronenborn et al., 2020; Thomas et al., 2021).

While nanoviruses typically infect fabaceous plants
(Gronenborn et al., 2020), they are also reported to cause
considerable losses in other plant families (Avish-Koohshahi
et al., 2021; Esmaeili et al., 2023; Heydarnejad et al., 2019;
Lal, Vo, et al., 2020). Until now, five of the 12 recognized
nanovirus species
(https://ictv.global/report/chapter/nanoviridae/nanoviridae/
nanovirus), have been reported in Iran, including faba bean
necrotic yellows virus (FBNYV) (Makkouk et al., 2002),
faba bean necrotic stunt virus (FBNSV) (Lotfipour et al.,
2016), sophora yellow stunt virus (SYSV) (Heydarnejad et
al., 2017), milk vetch chlorotic dwarf virus (MVCDV)
(Hassan-Sheikhi et al., 2020), and parsley severe stunt-
associated virus (PSSaV) (Hasanvand et al., 2021).
Previous studies on FBNYV isolates from Iran, specifically
in Razavi Khorasan and North Khorasan Provinces, relied
primarily on polymerase chain reaction (PCR) or sequencing
of only the DNA-S genomic component to document

infection (Avish-Koohshahi et al., 2021). Due to the limited

genomic data of FBNYV isolates in these regions, this study
aimed to analyze the complete nucleotide sequence of two
FBNYYV isolates, one from chickpea and one from lentil,
both collected from North Khorasan Province. Additionally,
six genome components (DNA-S, DNA-M, DNA-N, DNA-
R, DNA-U1, and DNA-U4) of a fenugreek isolate of
FBNYV from Khorasan Razavi Province were analyzed.
The analysis included a subsequent phylogenetic
characterization.

Materials and Methods

Plant samples including chickpea (Cicer arietinum L.)
showing severe yellowing, cup-shaped leaves (Fig. 1a),
lentil (Lens culinaris Medikus) showing yellowing, reduced
leaf size (Fig. 1b), were collected in 2016 from North
Khorasan Province and a fenugreek sample (Trigonella
foenum-graecum L.) with symptoms of yellowing and mild
cup-shaped leaves (Fig. 1c) was collected from Kohneh-Ab
village located in western Sabzevar, Razavi Khorasan
Province in 2016. Total DNA was extracted using a CTAB
method (Zhang et al., 1998) and circular DNA molecules of
the samples were enriched using the rolling circle
amplification (RCA) method (TempliPhi kit, GE Healthcare,
USA) (Shepherd et al., 2008). RCA products and specific
primer pairs (Avish-Koohshahi et al., 2021) were used to
amplify the full-length genome components of three
FBNYV isolates. However, the DNA-C and DNA-U2
components of the fenugreek isolate failed to amplify. PCR
products were ligated into the pTG19-T vector (Vivantis,
Malaysia) followed by transformation of bacterial cells,
Escherichia coli strain XL1 blue. Recombinant plasmids
bearing genome components of three FBNY'V isolates were
Sanger sequenced and deposited in GenBank (MH113438-
MH113445, MH113430-MH113437 and PV987715-
PV987720 for chickpea, lentil and fenugreek, respectively).
Due to the lack of DNA-C and DNA-U2 sequence for the
fenugreek isolate, concatenated genome components of six
components in order of DNA-R, DNA-S, DNA-M, DNA-N,
DNA-U1 and DNA-U4 of three FBNY'V isolates were used
for phylogenetic analysis. Pairwise nucleotide identities

were determined using SDT v1.3 software (Muhire et al.,
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2014) and FBNYYV sequences of three isolates were aligned
with MUSCLE (Edgar, 2004) using MEGAX software
(Kumar et al, 2018). The resulting alignments of
concatenated genome sequence were used to construct a
maximum likelihood phylogenetic tree using MEGAX and
1000 bootstrap replicates. Concatenated genome component
of six components of subterranean clover stunt virus
(SCSV), Myall Vale 2534B isolate was used as outgroup.
Additionally, to compare each independent genome
component to the counterpart sequences, SDT v1.3 software
was used.

Results and Discussion

PCR amplification of the genome components using specific
primers and sequencing results showed that lentil, chickpea
and fenugreek samples were infected with FBNYV. The
resulting sequences of eight genome components of lentil
and chickpea isolates, as well as six genome components of
fenugreek isolate including DNA-S, DNA-M, DNA-N,
DNA-R, DNA-U1 and DNA-U4 were recorded in GenBank
(Table 1). Despite using common specific primers for
amplification of the genome components of three FBNYV
isolates, the possible reason for the failure to amplify two
genomic fragments of the fenugreek isolate (DNA-C and
DNA-U2) can be attributed to their low concentration in this
host. The low concentration of some genomic components
of nanoviruses and their lack of detection have also been
reported in previous studies. For example, until now, the
DNA-U4 genomic fragment has not been reported for
PSSaV (Hasanvand et al.,, 2021; Vetten et al., 2019).
Furthermore, despite the longer history of the type member
of the genus Nanovirus, subterranean clover stunt virus,
compared to other nanoviruses, its DNA-U2 and DNA-U4
genomic components had not been reported for a long time.
Until 2019, the presence of these two components was
detected and reported using precise methods.

Comparison of the concatenated six components revealed
nucleotide sequence identities ranging from 94.96-96.20%
among the three FBNYV isolates. The highest identity

(96.2%) was found between the fenugreek and chickpea

isolates, and the lowest (94.9%) between the fenugreek and
lentil isolates. Among the six genome components, the
highest and lowest identities between the three isolates were
for DNA-R (99.1-99.3) and DNA-M (85.97-97.80)
components, respectively. In constructed phylogenetic tree
using concatenated genome components, the three isolates
grouped with other Iranian and two Azerbaijani isolates in a
single clade, suggesting a phylogenetic relationship linked to
geographical distribution. Notably, the isolates from the
eastern strip of Iran (Kerman and Khorasan provinces)
grouped together, separate from isolates found in the western
region (Lorestan and Kermanshah provinces).

In summary, it can be concluded that, in addition to legumes,
leafy vegetables from different families constitute an
important group of hosts for nanoviruses including FBNYV,
SYSV, and PSSaV in Iran (Avish-Koohshahi et al., 2021;
Esmaeili et al., 2023; Hasanvand et al., 2021). Given the
prominent role of these plants in the diet of the Iranian
people, nanovirus infection of leafy vegetable is worth
considering. Further studies on the infection of this group of
plants with other common nanoviruses in lIran, such as
FBNSV and MVCDV, could lead to a better understanding
of the importance of the prevalence of nanoviruses in leafy

vegetables.
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Fig. 1. Symptoms of the leguminous plant samples used in this study: (a) general yellowing, little leaf and leaf cupping in chickpea

(sample 88); (b) general yellowing and little leaf in lentil (sample 77), and (c) marginal leaf yellowing and mild leaf cupping in

fenugreek (sample 103).
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Table 1. Characteristics of faba bean necrotic yellows virus isolates studied in this work.

Isolate name Location (Province) Length (nts) Accession no.
component

IR:Raz:77:Len:16

DNA-N Northern Khorasan 987 MH113438
DNA-C " 991 MH113439
DNA-S " 1002 MH113440
DNA-M " 994 MH113441
DNA-R " 1003 MH113442
DNA-U1 " 998 MH113443
DNA-U2 " 991 MH113444
DNA-U4 " 991 MH113445
IR:Raz:88:Chi:16

DNA-N " 983 MH113430
DNA-C " 991 MH113431
DNA-S " 1002 MH113432
DNA-M " 994 MH113433
DNA-R " 1003 MH113434
DNA-U1 " 989 MH113435
DNA-U2 " 991 MH113436
DNA-U4 " 917 MH113437
IR:Sab:Sh103:Fen:16

DNA-N Razavi Khorasan 987 PV987715
DNA-S " 1002 PV987716
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DNA-U4 " 992 PV987720
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Fig. 2. Pairwise identity matrix generated from concatenated genome components of three isolates of faba bean necrotic yellows
virus (in red) with those of the isolates available in GenBank using SDT v1.3 software. Each colored cell represents a percentage

identity score (shown inside the cell) between two sequences. The color key correlates pairwise identity values with the colors
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displayed in the matrix.
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Fig. 3. Maximum-likelihood phylogenetic tree constructed based on the alignment of the sequences of concatenated genome
components in order of DNA-R, DNA-S, DNA-M, DNA-N, DNA-U1 and DNA-U4 of three isolates of faba bean necrotic yellows virus (in
bold) with those of the isolates available in GenBank. The values at the nodes represent percentage bootstrap confidence scores (1000
replicates). Branches with less than 50% bootstrap value were removed. The tree has been rooted with the corresponding sequence of

subterranean clover stunt virus as an outgroup (Myall Vale 2534B isolate, Australia).
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