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Abstract:
Original Research

Viruses are among the major limiting factors in strawberry cultivation worldwide.
Over a decade of research efforts on strawberry-infecting viruses in Iran, valuable
insights into their occurrence and molecular characteristics were provided. In these
studies, seven known viruses were identified using molecular techniques such as RT-

PCR and next-generation sequencing. In addition, four novel viral species were
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identified from strawberry, and strawberry was identified as a natural host of ourmia

virus, strawberry pallidosis-associated virus, strawberry crinivirus 3 and 4,
DO 10 22034/1JPP. 2026, 201865.509 strawberry polerovirus 1, and strawberry virus 3, while the newly identified viruses
comprised strawberry Kurdistan virus, strawberry polerovirus 2, and strawberry
viruses 4 and 5. Furthermore, the molecular and biological characteristics of
strawberry Kurdistan virus were determined, confirming it as a novel crinivirus. The

@ results also revealed frequent mixed infections of these viruses in strawberry fields.
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Extended Abstract
Introduction

Strawberry (Fragaria x ananassa Duchesne) belongs to
the genus Fragaria, and family Rosaceae (Qin et al. 2007).
According to the latest agricultural statistics (Acronymous
2023), strawberry is cultivated on approximately 6,051 ha in
Iran, with Kurdistan Province representing the country's
major production center, covering about 3,500 ha. To date,
nearly 30 virus species infecting strawberry have been
reported worldwide (Yan et al. 2025).

Research on strawberry viruses in Iran began in 2016,
when five viruses including strawberry crinkle virus (SCV),
strawberry latent ringspot virus (SLRSV), raspberry mosaic
virus (RpMV), arabis mosaic virus (ArMV), and tomato
ringspot virus (TORSV) were detected by ELISA, and
strawberry mottle virus (SMoV) and strawberry mild yellow
edge virus (SMYEV) were identified using both ELISA and
RT-PCR in strawberry fields of Gilan and Mazandaran
provinces (Nasirinia et al. 2016). Subsequently, extensive
virological investigations on strawberry crop in Kurdistan
Province were conducted at the University of Kurdistan
through graduate research projects, funded studies, and
international collaborations. These efforts resulted in the
characterization of the strawberry virome in Iran and the
discovery of several virus species, which are reviewed and

discussed in the present article.

Methods and Materials

Strawberry samples used in these studies were collected
from commercial fields in Kurdistan Province, Iran, during
2017, 2018, 2019, 2020, 2023, and 2024. In addition,
surveys were conducted during 2020-2021 in major
strawberry-growing regions of northern Iran. Total RNA
was extracted from selected samples using a modified silica-
capture method (Foissac et al. 2000) and complementary
DNA (cDNA) was synthesized using a commercial reverse
transcription kit (Pars Tous Biotech, Iran). Polymerase chain

reaction (PCR) amplifications were carried out using
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Ampligon PCR Master Mix (Denmark) and virus-specific
primers.

To ensure comprehensive virus detection and identify
potential novel viruses, high-throughput sequencing (HTS)
was performed on five selected samples chosen based on
symptom expression and geographic origin. Raw sequencing
reads were processed using CLC Genomics Workbench
v24.0. Contig identities were determined by BlastX searches
against the GenBank Virus RefSeq database. Following
virus identification, each sample was individually tested
using virus-specific primers to determine the distribution of

detected viruses.

Results and Discussion

The combined application of RT-PCR and HTS revealed
the presence of seven known strawberry-infecting viruses in
Iran, including SCV, SMoV, strawberry pallidosis-
associated virus (SPaV), strawberry crinivirus 3 (SCrV-3),
strawberry crinivirus 4 (SCrV-4), strawberry polerovirus 1
(SPV-1), and strawberry virus 3 (StrVV-3). In addition, HTS
enabled the identification of four novel viruses: strawberry
Kurdistan virus (SKV), strawberry virus 4 (StrV-4),
strawberry virus 5 (StrV-5), and strawberry polerovirus 2
(SPV-2). Furthermore, strawberry was shown to be a natural
host of ourmia melon virus (OuMV). Multiple viruses were
detected simultaneously in the majority of the samples
analyzed.

Molecular characterization of SKV genome exhibits all
typical features of criniviruses and revealed that the virus
possesses a bipartite genome with a total length of 16,533
nucleotides. RNAL is 8,759 nucleotides in length, containing
67 nucleotides in the 5’ untranslated region (UTR) and 240
nucleotides in the 3" UTR. RNA2 is 7,560 nucleotides long,
with 212 nucleotides in the 5" UTR and 470 nucleotides in
the 3' UTR. StrV-4 and StrV-5 were initially detected using
HTS and subsequently confirmed by RT-PCR with
specifically designed primers. StrVV-4 belongs to the genus
Deltanucleorhabdovirus, family Rhabdoviridae and shares
approximately 70% nucleotide sequence identity with StrV-

3. StrV-5 belongs to the genus Betanucleorhabdovirus,
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family Rhabdoviridae and exhibits its highest nucleotide
sequence similarity to Betanucleorhabdovirus picridis
(Botermans et al., 2026).

Most of the viruses detected in Iranian strawberry
samples exhibited relatively high infection frequencies
among the surveyed plants. Most of the identified strawberry
viruses are transmitted by aphids or whiteflies, both of which
have been documented in Iranian strawberry fields.
Consequently, healthy plants may become infected during
the growing season through vector-mediated transmission.
Because all of the detected viruses are restricted to Fragaria
species and their vectors do not support viral replication, the
production and distribution of certified virus-free planting
material should constitute the first and most effective
strategy for reducing disease incidence. As part of this study,
PCR-based detection protocols were optimized either by
employing previously published primers or by designing
new primers based on lIranian isolates. These optimized
molecular assays will provide valuable tools for both
research applications and certification programs aimed at
producing virus-free strawberry planting material.

The relatively low average strawberry yield in Iran
compared with leading strawberry-producing countries
(Hajizadeh & Ghaderi Zandan, 2021) may be partly
attributable to the widespread occurrence of single and
mixed viral infections reported in the present study.
Therefore, comprehensive investigations are needed to
evaluate the responses of commercially cultivated cultivars
in Iran to both single and mixed viral infections. Future
studies should also address virus—virus interactions in mixed
infections, determine the distribution of strawberry viruses,
evaluate the transmission efficiency of local vector species,
and investigate the occurrence of other viruses in Iranian
strawberry fields.

Furthermore, given the discovery of several novel viral
species  infecting  strawberry in  Iran, detailed
characterization of their molecular and biological properties,
together with assessment of their potential risks to

strawberry production, should be considered a research

priority. Several of these investigations are currently

underway.
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Table 1. List of strawberry-infecting viruses, including their common and scientific names, genus, mode of transmission, and the

year of their first report.

Virus Acronyme  Scientific name First report Limited to Transmission
(Year) strawberry method
Apple mosaic virus ApMV Ilarvirus ApMV 1933 No Pollen, seed
Arabis mosaic virus ArMV Nepovirus arabis 1944 No Nematode, seed
Beet pseudo-yellows virus BpYV Crinivirus pseudobetae 1975 No Whitefly
Brassica yellows virus BryV Polerovirus TUVV 2011 No Aphid
Cucumber mosaic virus CMV Cucumovirus CMV 1916 No Aphid
Fragaria chiloensis cryptic virus FCCV Unassigned 2005 Yes Unknown
Fragaria chiloensis latent virus FCLV Fragaria chiloensis 1993 Yes Pollen, seed
Raspberry ringspot virus RpRSV Nepovirus rubi 1958 No Nematode, seed
Strawberry chlorotic fleck virus SCFV Closterovirus fragariae 1962 Yes Aphid
Strawberry crinkle virus NaY Cytorhabdovirus fragariarugosus 1932 Yes Aphid
Strawberry feather-leaf virus NA - 1970 Yes Unknown
Strawberry latent C virus SLcvV - 1942 Yes Aphid
Strawberry latent ringspot virus SLRV Stralarivirus fragariae 1964 No Nematode, seed
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Strawberry mild yellow edge virus SMYEV Potexvirus fragariae 1922 Yes Aphid
Strawberry mottle virus SMoV Sadwavirus fragariae 1984 Yes Aphid
Strawberry necrotic shock virus SNSV llarvirus SNSV 1956 No Thrips, pollen, seed
Strawberry pallidosis associated virus SPaV Crinivirus palidofragariae 1957 Yes Whitefly
Strawberry pseudo mild yellow edge SPMYEV Carlavirus fragariae 1966 Yes Aphid
virus
Strawberry vein banding virus SVBV Caulimovirus venafragariae 1955 Yes Aphid
Strawberry polerovirus 1 SPV-1 Polerovirus SPV 2015 Yes Aphid
Strawberry virus 1 Strv-1 Alphacytorhabdovirus 2019 Yes Unknown
alphafragariae
Strawberry virus 2 Strv-2 Alphacytorhabdovirus 2022 Yes Unknown
betafragariae
Strawberry virus 3 Strv-3 Deltanucleorhabdovirus fragariae 2023 Yes Unknown
Strawberry virus A StrvA Unassigned 2022 Yes Unknown
Strawberry crinivirus 3 SCrv-3 Unassigned 2016 Yes Unknown
Strawberry crinivirus 4 SCrv-3 Unassigned 2016 Yes Unknown
Tobacco necrosis virus TNV Alphanecrovirus nicotianae 1935 No Oomycete
Tomato black ring virus TBRV Nepovirus nigranuli 1946 No Nematode, seed
Tomato ringspot virus TRSV Nepovirus lycopersici 1961 No Nematode, seed
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Fig 1. Some viral-like symptoms in strawberry samples collected from Kurdistan Province and north of Iran, and detected

associated viruses with the samples. P3) The sample collected from Kurdistan Province infected with three viruses SCV, SMoV, and

SCrV-3; SA2) The sample collected from Kurdistan Province infected with four viruses SCV, SMoV, SCrV-3, SpaV and OuMV; PM3) The

sample collected from Kurdistan Province infected with three viruses SCV, SCrV-3, and SCrV-4; Gisi) The sample collected from north of

Iran infected with SMoV; 7G) The sample collected from Kurdistan Province infected with two viruses SCV, and SMoV; Goa) The

sample collected from west of Iran infected with four viruses SCV, SMoV, SCrV-3, and SPaV.
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Table 2. Primers used for detection of strawberry- infecting viruses

Target Primer Sequences (5'-3') Expected Amplified segment AT Reference
virus name amplicon (eC)
size (bp)

SCV-P3F TATGTTTAAATTACTGTCTCCGTGC

Scv 744 MP gene 54 (Hajizadeh & Ghaderi
SCV-P3R ATGGCTTTATCAGGATACGGGA Zandan 2021)
Smdetncrda  TAAGCGACCACTGTGACAAAG

SMoV 461 NCR 52 (Thompson et al. 2003)
Sm2ncrlb ATTCGGTTCACGTCCTAGTGTCAC
SPaV-CPf ATCTTATCAGCTAGAACAAGGCA

SPaVv 794 CP gene 56 (Ghaderi Zandan et al.
SPaV-CPr AGGAAAAGGGGATGGTTCCTC 2022)
SCrV3mF TTGTCATAAGGAGGCACAGC

SCrv-3 673 Polyprotein 1a gene 64 (Hajizadeh et al. 2022)
SCrV3mR GCTCTTGTCATAGGCACGAA
SCrv4fl CCAATTCTGATCCTATCCTTAGT (Chen et al. 2018)

SCrv-4 1362 Polyprotein 1a gene 64
SCrV4mR1 AGGCGCGAAATCCAAACTTC (Hajizadeh et al. 2022)
SPV-1F AGAGATCGCCGGATTCCGCAA

SPV-1 280 P1-P2 fusion 56 (Thekke-Veetil &
SPV-1R TGACACGCTCGGTATTCACAAACAGT Tzanetakis 2016)
L1352F CTGTGCCCACAGGTATGAACATAGC

Strv-3 796 L gene 58 (Medberry et al. 2023)
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SKV 397 RNA2 58 (Hajizadeh et al. 2025)
SCrV5 DR CCGATTTGGCGAGAAATTCTGA
OuMV-F2 GATGTGTCTCTCGCAGCTTCTC

OuMV 585 RdRp gene 58 (Hajizadeh & Ghaderi

OuMV-R2 GAAGGTGGGTGCATCTGGTATG

Zandan 2025)
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Table 3. Detected viruses-infecting strawberry in Iran

Virus Detected method*

Infection
rate (%)**

Detected vector Reference

Strawberry crinkle virus RT-PCR, HTS
Strawberry mottle virus RT-PCR, HTS
Strawberry pallidosis-associated virus HTS, RT-PCR
Strawberry crinivirus 3 HTS, RT-PCR
Strawberry crinivirus 4 HTS, RT-PCR
Strawberry polerovirus 1 HTS, RT-PCR
Strawberry virus 3 HTS, RT-PCR
Strawberry Kurdistan virus HTS, RT-PCR
Strawberry virus 2 HTS, RT-PCR
Strawberry virus 5 HTS, RT-PCR
Strawberry polerovirus 2 HTS, RT-PCR
Ourmia melon virus HTS, RT-PCR

50.9

58.5

50

47.8

17.4

5.2

4.4

50.9

58.5

50

17.4

Strawberry aphid (Hajizadeh 2018)

Strawberry aphid (Ghaderi Zandan & Hajizadeh 2019)

Whitefly (Ghaderi Zandan et al. 2022)
Unknown (Hajizadeh et al. 2022)
Unknown (Hajizadeh et al. 2022)

Potato aphid (Hajizadeh et al. 2022)

Unknown (Hajizadeh et al. 2024)

Unknown (Hajizadeh et al. 2025)

Unknown Unpublished

Unknown Unpublished

Unknown Unpublished

Unknown (Hajizadeh & Ghaderi Zandan 2025)
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Fig 2. Genome organization of the strawberry Kurdistan virus (SKV). The start and end coordinates of the ORFs (boxes) are shown.

The names of putative proteins and/or motifs are listed within each reading frame. P-PRO: proteinase, MT: methyltransferase, HEL:

helicase, RARP: RNA-dependent RNA polymerase, Hsp70h: heat shock protein 70 homologue, CPh: coat protein homolog, CP: coat

protein, CPm: minor coat protein (Hajizadeh et al. 2025).
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Fig 3. RT-PCR results of SKV detection on inoculated plants using collected whiteflies of strawberry fields a month after inoculation.

NC: Fragaria x ananassa var. vesca without inoculation.
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Table 4. Strawberry samples with mixed infection with several viruses collected from Kurdistan and northern provinces of Iran

Row Sample Cultivar Region Virds Symptoms?
SCV SMoV SpaV SCrVv-3 SCrv-4

1 P1F Paros Kurdistan + + + + C, D, Mo

2 SB Paros Kurdistan + + + NS

3 SSA2 Paros Kurdistan + + D, LD

4 SpF3 Paros Kurdistan + NS

5 PA Paros Kurdistan + + + LMC, LD

6 SAm Paros Kurdistan + + D, Mo, LD

7 SS2 Paros Kurdistan + + + MN, Y

8 QEM Queen Elisa Kurdistan + + M, D

9 K5 Paros Kurdistan + + LD, Y

10 K6 Paros Kurdistan + + + NS

11 ST Kurdistan Kurdistan + + + D, LD

12 5A2 Queen Elisa Kurdistan + + Mo, D

13 PM2 Paros Kurdistan + + + + M, LC

14 Ngh Paros Kurdistan + + + LC, VB, FD

15 Ka Kurdistan Kurdistan + + + + M, LD

16 KM Kurdistan Kurdistan + + + M, D, FD

17 P3 Paros Kurdistan + + + Y, LD, LC

18 7G Camarosa Kurdistan + + Y, LC

19 71 Ventana Kurdistan + NS

20 PM3 Paros Kurdistan + + + M, Y, VB

21 SD Paros Kurdistan + + + + D, Y, LMC

22 P2 Paros Kurdistan + + M, Y, Mo

23 K10 Ventana Kurdistan + + + + M, Y, FD

24 Gisi2 Queen Elisa North + + + + M, LD, LMC

25 Goa Camarosa North + + + + M, P

26 Mbal Camarosa North + + NS

27 God2 Camarosa North + + + D,Y,LMC

28 Qash2 Camarosa North + LC, LD

29 Mbh2 Camarosa North + + + Mo, LMC

30 Gor2 Camarosa North + + M, Y, Mo

31 Givi2 Camarosa North + + NS

32 Qahl Camarosa North + + Mo, LMC

33 Qah2 Camarosa North + Mo, LMC

34 Givil Camarosa North + D, LC

35 Qahl Camarosa North + LMC, Y

36 Mab2 Camarosa North + + NS

37 Gorl Camarosa North + + M, Y, Mo

38 Goa2 Camarosa North M

39 Qashl Camarosa North + P

40 Mbh1 Camarosa North Mo, LC

41 God1 Camarosa North NS

42 Gisi Queen Elisa North + M, LD, LMC

1 M: Mosaic, Y: Yellowing, VB: Vein Banding, LD: Leaf Deformation, LC: Leaf Curl, Fruit Deformation, D: Dwarf, Mo: Mottle, LMC: Leaf margin Scorch, P:
Pallidosis, NS: Non Symptom:s.
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