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Figure 1- Symptoms of GFLV in infected vines of Khorasan Razavi province. (a and b) Vein banding, (c) Leaf malformation
and open petiolar sinus, (d) Stunting and bushy growth of shoot, (e) Zigzagged stem, (f) Double nodes in infected stem
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Table 1- Location and number of collected samples and those infected with GFLV by ELISA and molecular tests
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Table 2- Accession numbers of GFLV sequences identified in this study in NCBI
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Figure 2- Results of RT-PCR using GFLV specific primers (MpF/CpR). Lane 1 positive control. Lane 2-8 GFLV infected
samples from Khorasan Razavi vineyards, Lane 9 negative control, M 100bp DNA ladder (Fermentas)
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Figure 3- Dendrogram illustrating the phylogenetic relationships between the Iranian isolates of GFLV and other GFLV
sequences deposited in the GenBank
The tree was constructed using MEGA 7 using Maximum likelihood method with 500 replicates of bootstrap test. TRSV served as

an out group. (Recorded sequences in this study showed by ).
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Introduction: Virus and virus-like diseases cause intensive damage in vineyards all over the world.
Grapevine fanleaf virus (GFLV) is one of the most economic important viruses infecting grapevine worldwide.
It is a major limiting factor for grapevine productions and reduces fruit quality and shortens the longevity of
grapevines in the vineyards. GFLV belongs to the genus Nepovirus in the family Secoviridae and has a bipartite
single-stranded positive RNA genome which encapsidated in isometric particles. Both RNA molecules contain a
genome-linked viral protein (VPg) at 5' end and a poly (A) tail at 3' end of genome. GFLV is transmitted
naturally from grapevine to grapevine by the ectoparasitic nematode Xiphinema index in the vineyard. Fanleaf
disease causes three groups of symptoms, including malformation, vein clearing and yellowing. This difference
in symptoms is related to diversity in the genome of the virus because in one cultivar can be seen both groups of
symptoms. Khorasan Razavi province has the third largest area under grape cultivation in Iran in this study we
studied distribution and diversity of GFLV isolates in vineyards of Khorasan Razavi province.

Materials and Methods
- Plant material and virus isolates

During two consecutive growing seasons of 2019 and 2020, a survey was conducted in some of the major
areas under the cultivation of grapevine in Khorasan Razavi (Kashmar, Khalilabad, Mohammadiyeh Bardaskan,
Neyshabour) at the northeast of Iran. A total of 109 grapevines samples were collected and tested for GFLV
infection by enzyme-linked immunosorbent assay (ELISA) as described by Clark and Adams (1977). Total RNA
was extracted from petioles of ELISA positive samples using CTAB-PVPP method and were used directly or
stored at - 70 °C.

- Reverse transcriptase —PCR, cloning and sequencing

cDNA was synthesized by Thermoresistant MMuLV reverse transcriptase (Parstous, Iran) according to the
manufacturer's protocol. RT-PCR using specific primer pairs MpF (5'- AGAAGTCGCTCACGATCTGTGAGG
-3) and CpR (5'- ACAAACAACACACTGTCGCC- 3') was amplified 1760 bp fragment corresponding to the
complete length of coat protein and 230 nucleotides of 3' proximal end in order to detect infected samples. The
RT-PCR products were electrophoresed on 1% agarose gel, stained with Green viewer (Pars tous, IRAN), and
visualized by UV light.

The gel extracted PCR products were cloned into, pTG19-T PCR Cloning Vector, (Vivantis, Malaysia)

following the manufacturer’s instructions and were transformed to Escherichia coli strain DH5a. Then colony-
PCR using M13 and the specific primer pairs were used to confirm the recombinant clones. Random
recombinant clones were selected to extract plasmid DNA using a Qiagen Plasmid Miniprep Kit (Qiagen,
Germany). Finally, The GFLV coat protein gene has been sequenced in both directions.

Results and Discussion: In this study, 109 samples of symptomatic vines were collected from the vineyards
of Khorasan Razavi province. 58 samples were confirmed to be infected using indirect ELISA and reverse
transcriptase polymerase chain reaction tests. The most symptoms in vineyards were vein banding, leaf
malformation, open petiolar sinus, stunting and bushy growth of shoot, zigzagged shoot and double nodes in
infected stem. The prevalence of this virus was high in the samples of Mohammadiyeh region. cDAN fragment
of GFLV genome with 1760 bp in length corresponding to the GFLV coat protein gene was amplified with
specific primers. Full-length sequences of the coat protein gene were recorded in the GenBank. Nucleotide
sequence identities of 90-94% were found between the coat protein region of isolates of this study and that of
deposited in the GenBank previously. Phylogenetic analysis carried out on the GFLV-CP gene of 5 Iranian
GFLV sequences selected in this study showed that GFLV isolates of Iran and the world in the phylogenetic tree
were divided into two main groups.

Conclusion: The virus has been detected in northwestern, northeastern and southern vineyards in Iran.
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Probably GFLV originated in Iran, so widespread spread of the virus in these areas is possible. The propagation
of infected cuttings has played a major role in the spread of the virus in vineyards. The capsid protein gene is a
conserved region and be used in the molecular phylogenetic analysis and it is the sole viral determinant of the
specific transmission of GFLV by its vector. Phylogenetic analysis carried out on the GFLV-CP showed that
GFLYV isolates were separated into two statistically significant clusters: the first one (1) including isolates from
Iran, and the second one (Il) including isolates from different countries, and Iranian isolates of GFLV have
distinct position in phylogentic tree. Furthermore, evidence of divergent evolution was observed between isolates
from northwest, northeast and south of Iran. It confirms that genetic makeup of GFLV may be affected by
geographical isolation. The percentage of GFLV infected samples in summer was much lower than the samples
detected in mid-spring. The results of previous research also indicated that GFLV titer in the grapevines drops
during the summer hot season. High genetic diversity has been observed in coat proteins gene, this change may
be due to an error in the RNA-dependent RNA polymerase (RdRp) enzyme during amplification or due to
recombination events. Geographical area among them has a positive effect on evolution and phylogenetic
relationships.

Keywords: Distribution, Genetic diversity, Khorasan Razavi and Grapevine fan leaf virus



