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Abstract:
Original Research
Saffron (Crocus sativus L.) is one of lIran's most valuable crops, both economically and

culturally. It is vegetatively propagated through corms and is affected by viral infections that
reduce its yield and quality. In this study, to investigate the viral infection status of saffron and
molecularly identify saffron yellow mosaic virus (SYMV; Potyvirus crocitessellati), 51
saffron leaf samples were collected from fields in South Khorasan and Razavi Khorasan
Provinces in 2024. Virion-associated nucleic acid (VANA) was extracted, followed by
sequencing using 454 pyrosequencing technology. Metagenomic analysis revealed that
viruses belonging to the genus Potyvirus, particularly SYMV, were the most prevalent in
Iranian saffron populations. RT-PCR assays using potyvirus-specific primers confirmed the
presence of SYMV in four regions: Qaen, Ferdows, Birjand, and Torbat Heydariyeh. The
complete genome sequence of an Iranian isolate (Ir-Ferdows) was determined to be 8,547
nucleotides in length, and a phylogenetic tree was constructed using the Maximum Likelihood
method. The results obtained from phylogenetic analysis (Figure 2) and the pairwise
nucleotide sequence comparison matrix (Figure 3) showed that all 20 Iranian SYMV isolates
(including the isolate from this study and 19 reference isolates from GenBank) formed a
compact and distinct cluster with 100% bootstrap support and exhibited 97-100% nucleotide
sequence identity. The isolate of Turnip mosaic virus (TuMV), used as an outgroup, showed
a considerable evolutionary distance from this cluster, confirming the complete distinction
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between the two species. The genomic sequence of the Iranian isolate was deposited in the
GenBank database under accession number PZ048999. Observed symptoms in infected plants
included yellowing, mosaic patterns, and leaf curling. This study provides the first definitive
evidence of SYMV presence in South Khorasan Province and its detection in Razavi Khorasan
Province. The findings highlight the importance of continuous monitoring, development of
specific diagnostic tools, and vector management strategies to prevent the spread of emerging
saffron viruses.
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Extended Abstract
Introduction

Saffron (Crocus sativus L.) is a perennial geophyte from
the Iridaceae family, propagated vegetatively by corms and
highly valued for its dried stigmas, which constitute the
world’s most expensive spice. Yield and quality of saffron
are threatened by multiple biotic factors, among which viral
diseases play a significant but often underestimated role.
Viruses can alter the content of secondary metabolites such
as polyphenols, flavonoids, alkaloids, and terpenes, thereby
affecting both the medicinal properties and the commercial
quality of saffron. To date, more than 20 virus species from
eight families (including Alphaflexiviridae,
Betaflexiviridae, Potyviridae, and Tombusviridae) have
been reported in saffron worldwide. Among these,
potyviruses (genus Potyvirus, family Potyviridae) are
particularly important due to their wide host range,
economic impact, and efficient non-persistent transmission
by aphids. In recent years, high-throughput sequencing
(HTS) technologies have enabled the discovery of several
novel viruses in Iranian saffron fields, including Saffron
dwarf virus (SaDV), Saffron latent virus (SaLV), Saffron
Iran virus (SalR), and most recently Saffron yellow mosaic
virus (SYMV). SYMV was first described by Tavoosi et al.
(2023) from infected saffron plants in Iran. Its complete
genome (9,557 nt) encodes a large polyprotein (3,097 aa)
and a small PIPO ORF. Phylogenetically, SYMV forms a
distinct cluster near Bean yellow mosaic virus (BYMV) and
Clitoria yellow vein virus (CYVV), but its low nucleotide
identity with these species supports its classification as a
novel potyvirus. Conserved motifs such as RITC and PTK
in HC-Pro and NAG in the coat protein suggest that SYMV
is naturally transmitted by aphids. Mixed infections
involving SYMV, Turnip mosaic virus (TuMV), and SaLV
have been observed in up to 47% of tested samples,
indicating complex viral dynamics in Iranian saffron fields.
The present study aimed to perform a molecular

identification of Saffron yellow mosaic virus (SYMV) in

saffron (Crocus sativus L.) in Iran, and to investigate its
infection status, geographical distribution, and phylogenetic
characteristics in the provinces of Razavi Khorasan and
South Khorasan. The results are expected to improve our
understanding of the host range and distribution pattern of
SYMV in Iran and to provide a scientific basis for
developing effective management strategies against viral

diseases in saffron.

Methods and Materials

A total of 51 saffron leaf samples were randomly
collected in spring 2024 from cities in Razavi Khorasan
(Torbat Heydarie, n=10) and South Khorasan (Ferdows,
n=10; Ghaen, n=19; Birjand, n=12), regardless of the
presence of visible symptoms. Samples were dried with
CaCl. and stored at 4°C until processing. For virus
discovery, a virion-associated nucleic acid (VANA)-based
454 pyrosequencing approach was employed. VANA
captures all encapsidated nucleic acids (both RNA and DNA
viruses). After virion-associated nucleic acid extraction from
all 51 samples, amplification was performed using Large
(Klenow) Fragment DNA Polymerase (Promega). The
pooled DNA products were purified with Wizard SV Gel
and PCR Clean-Up System (Promega) and sequenced using
GS FLX Titanium reagents on a 454 platform. Raw reads
were demultiplexed, trimmed for quality with Cutadapt, and
subjected to BLASTN and BLASTX searches against
GenBank. Open reading frames (ORFs) were predicted
using ORF Finder.

The occurrence of a virus was defined as detection of at
least one VANA read with high similarity (e-value < 0.001)
to that viral group. To confirm SYMV presence, total RNA
was extracted from 35-40 mg of dried leaf tissue using the
RNeasy Plant Mini Kit (Qiagen). RT-PCR was performed
using the  potyvirus-specific ~ degenerate  primers
Oligo1N/Oligo2N. Positive amplicons were purified,
sequenced by the Sanger method, and compared via
BLASTN. The complete genome of one SYMV isolate from
Ferdows was amplified and cloned following the protocols

of Palanga et al. (2016) and Tavoosi et al. (2023).
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The presence of conserved aphid-transmission motifs
(RITC, PTK in HC-Pro; NAG in CP) indicates that SYMV
is likely transmitted non-persistently by aphids. This feature,
combined with the wide host range of aphid vectors, may
of SYMV across

saffron-growing areas. Therefore, vector management

explain the rapid dissemination
through aphid monitoring and integrated pest management
should be a key component of disease control strategies.

Observed symptoms ranged from mild mosaic to severe
yellowing and leaf deformation, but mixed infections and
environmental factors precluded assigning specific
symptoms solely to SYMV. This underscores the importance
of precise molecular methods (RT-PCR, metagenomics) for
accurate virus diagnosis. The VANA/HTS approach proved
highly effective for discovering emerging viruses like
SYMV without prior knowledge, and it can be adopted for
national-scale virus surveillance in saffron.

The findings have critical implications for management.
Given the high prevalence of SYMV in the main
saffron-producing provinces of Iran (Razavi and South
Khorasan), the following strategies are urgently needed: (1)
production of virus-free corms via tissue culture; (2) regular
field monitoring using sensitive molecular assays; (3)
management of aphid vectors; (4) quarantine regulations to
prevent movement of infected corms; and (5) farmer
education on viral disease impact. In conclusion, this study
reports the first confirmed occurrence of SYMV in South
Khorasan and expands its known distribution in Razavi
Khorasan. The high genetic stability combined with wide
geographic spread indicates successful establishment of
SYMYV in Iranian saffron fields and a high potential for
significant economic damage. These results provide a
scientific framework for designing and implementing
effective viral disease management programs for this
strategic crop.

Sanger sequencing was used to verify the full genome
sequence. Multiple sequence alignment was done with
MUSCLE 3.7, and sequence comparisons were performed
with  DNAMAN and

maximum-likelihood (ML)

Geneious  software. A

phylogenetic tree  was

constructed in MEGA X with 1,000 bootstrap replicates.
Recombination signals were investigated using RDP v4.13,
with only events detected by at least four methods (P <0.05)
considered valid.

Results and Discussion

High-quality VANA reads, after removal of duplicates
and low-quality sequences, were assembled and subjected to
BLAST analysis. The results showed that saffron samples
from all surveyed regions in Razavi and South Khorasan
provinces were infected with SYMV. The Ferdows isolate
(Ferdows-SYMV.IR) exhibited the highest nucleotide
identity (97-100%) with the reference SYMV isolate
(GenBank accession OK632024) previously reported by
Tavoosi et al. (2023).

Symptomatology of the collected plants revealed a
spectrum of viral symptoms, including mild mosaic,
yellowing, yellow dwarfing, yellow mosaic, pronounced
mosaic, and also symptomless plants (Figure 1). However,
because most SYMV-infected plants were co-infected with
other potyviruses, it was impossible to attribute specific
symptoms exclusively to SYMV.

RT-PCR using potyvirus-specific primers amplified
fragments that, after sequencing, showed 97-100%
nucleotide identity with SYMV (OK632024). SYMV was
confirmed in samples from Ghaen, Ferdows, Birjand, and
Torbat Heydarie. The complete genome of the Ferdows
isolate was determined to be 8,917 nt. Overlapping regions
covering the HC-Pro, CI, Nla-Vpg, Nla-Pro, NIb, and CP
genes were amplified and Sanger-sequenced. The Sanger-
derived sequences showed >99% identity with the lllumina
data, confirming high accuracy.

Phylogenetic analysis (Figure 2) revealed two main
clusters. Cluster 1, strongly supported by bootstrap values,
contained all Iranian SYMV isolates: 17 new isolates
(accessions PV831687-PV831703), the Ferdows isolate,
and the reference SYMV (OK632024). This cluster was
compact and distinct, indicating very high genetic similarity
(97-100% intra-group nucleotide identity, Figure 3). Cluster

Il comprised outgroup potyviruses, including three BYMV

54




Iranian Journal of Plant Pathology, Volume 61, Issue 1-2. Pages 67-82

HG970854,

from Germany

isolates  from  Australia
HG970855), two CYVV
(MW848532, MN399730), one Watermelon mosaic virus
isolate from the USA (DQ641248), and Tobacco mosaic
virus (PV831705) as an outgroup. The nucleotide identity

(HG970850,
isolates

between Iranian SYMV isolates and BYMV was at most
84%, and with CYVV ranged from 68 to 77%, well below
the species demarcation threshold for potyviruses. Despite
geographic separation, all 17 new Iranian isolates clustered
tightly with the
demonstrating remarkable genetic stability of SYMV

Ferdows and reference isolates,
populations in eastern Iran. Notably, this study confirms for
the first time the presence of SYMV in South Khorasan

province.

This study provides the first comprehensive evidence of
SYMV distribution in South Khorasan and confirms its
presence in Razavi Khorasan. Using a VANA-based
metagenomic approach verified by RT-PCR, SYMV was
detected in all four sampled regions (Ghaen, Ferdows,
Birjand, Torbat Heydarie). The most striking finding is the
high genetic stability of SYMV populations in eastern Iran.
All 17 new isolates plus the Ferdows and reference isolates
shared 97-100% nucleotide identity and formed a dense
phylogenetic cluster. This level of identity exceeds the
potyvirus species demarcation threshold and suggests a
common, relatively recent introduction of SYMV into
Iranian saffron fields, followed by rapid spread—Ilikely via
infected corms. The absence of significant genetic variation
among geographically distant isolates supports this
hypothesis.

Phylogenetic ~and  pairwise identity  analyses
unequivocally place SYMV in a distinct cluster separate
from close relatives BYMV (max 84% identity) and CYVV
(68-77% identity), reconfirming its status as a novel

potyvirus species.
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Table 1. List of samples collected in Iran during 2022 and 2024.

Province

City and number (2024)

Razavi Khorasan
South khorasan
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Ferdows: n=10
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Figure 1. Symptoms of the Iranian isolate of saffron yellow mosaic virus (SYMV) in saffron fields of Razavi and South Khorasan

provinces.

Infection in these samples was confirmed by RT-PCR and sequencing analysis. Samples No. 1 and 6 exhibited leaf deformation and

twisting symptoms, while samples No. 2, 3, 4, and 5 showed leaf yellowing, mosaic patterns, and light and dark mottling on the leaves.
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Figure 2. Phylogenetic tree constructed based on the complete nucleotide sequence of the Iranian isolate identified in this study
along with 19 isolates registered in GenBank, using the Maximum Likelihood (ML) method. Bootstrap analysis was performed with

1000 replicates. Turnip mosaic virus in potyvirus genus is selected as outgroup.
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Figure 3. Pairwise nucleotide sequence comparison matrix of the complete genome of the Iranian isolate with 19 selected isolates

from GenBank, using SDT v1.2 software.
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Table 2. Characteristics of Iranian SYMV isolate identified in this research and 19 selected SYMV isolates from the World Gene

Bank, in order to compare the nucleotide synonyms of the gene and perform genealogy analysis

host Accession number Isolate length Country Isolate name
Crocus sativus PV831694 9410 bp Iran IR:R-Kho:Saf13:22
Crocus sativus PV831698 9640 bp Iran IR:Yaz:Saf17:22
Crocus sativus PV831701 9489 bp Iran IR:Sem:Saf20:22
Crocus sativus PV831690 9526 bp Iran IR:Far:Saf8:22
Crocus sativus PV831696 9540 bp Iran IR:S-Kho:Saf15:22
Crocus sativus 0OK632024 9557 bp Iran IR

Crocus sativus PV831695 9477 bp Iran IR:S-Kho:Saf14:22
Crocus sativus PV831688 9596 bp Iran IR:E-Aze:Saf1:22
Crocus sativus PV831697 9505 bp Iran IR:Ker:Saf16:22
Crocus sativus PV831692 9415 bp Iran IR:Ker:Saf11:22
Crocus sativus PV831693 9505 bp Iran IR:R-Kho:Saf12:22
Crocus sativus PV831702 9326 bp Iran IR:Qom:Saf2:22
Crocus sativus PV831700 9566 bp Iran IR:Ker:Saf19:22
Crocus sativus PV831703 8931 bp Iran IR:1sf:Saf7:22
Crocus sativus PV831689 9578 bp Iran IR:Yaz:Saf3:22
Crocus sativus PV831691 9530 bp Iran IR:R-Kho:Saf10:22
Crocus sativus PV831699 9618 bp Iran IR:S-Kho:Saf18:22
Crocus sativus PV831687 9526 bp Afghanistan Af:Bam:Saf9:22
Crocus sativus PV831705 9644 bp Iran IR:1sf:Saf7:22
Crocus sativus PZ048999 8547 bp Iran Ir-Ferdows
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