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Introduction

Grapevines, as a vital agricultural product, face significant challenges from pests and diseases that adversely
affect both quality and quantity of the crop. Among these, viruses are particularly detrimental, with 86 different
species identified in grapevines. The viruses associated with grapevine leafroll disease (GLD) are considered the
most prevalent in vineyards. Specifically, six species of grapevine leafroll-associated viruses (GLRaVs),
belonging to the family Closteroviridae, are linked to this disease. These viruses typically enter vineyards
through infected cuttings and are disseminated by vectors, notably mealybugs. The symptoms of GLD manifest
as downward rolling of leaf margins, leaf interveinal reddening, and leaf interveinal chlorosis across various
grapevine varieties. These symptoms negatively impact the quality of the berries, ultimately affecting yield and
marketability. The GLRaV-1 genome is composed of positive-strand RNA and contains ten open reading frames
(ORFs), which play crucial roles in its biology and pathogenicity. In Iran, GLRaV-1 has been identified as one of
the most widespread grapevine viruses, exhibiting high genetic diversity that complicates management and
control efforts. This study focuses on the identification of GLRaV-1 and the phylogenetic analysis of its isolates
in the vineyards of Razavi Khorasan province. By understanding the genetic relationships and variability of
GLRaV-1 isolates, this research aims to provide insights which could be useful for designing effective
management strategies and improving the overall health of grapevine in the region.

Materials and Methods
In the spring of 2020, a study was conducted in the Kashmar region of Khorasan Razavi province, focusing
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on grapevine plants exhibiting distinct symptoms of viral infection. A total of 70 samples were collected from
affected plants. The RNA was extracted from these samples to facilitate the detection of grapevine leafroll-
associated virus 1 (GLRaV-1). The initial identification process involved reverse transcription-polymerase chain
reaction (RT-PCR). This method confirmed the presence of GLRaV-1 in 22 samples, marking a crucial step in
understanding the viral infection's prevalence. To ensure the accuracy of the RT-PCR results, Sanger sequencing
was used on the amplified fragments from three selected samples. This technique provided definitive
confirmation of the viral identity by analyzing the nucleotide sequences, thereby validating the initial findings
from the RT-PCR. Data analysis included several critical components. Nucleotide sequence similarity analysis
was performed to compare the identified GLRaV-1 isolates against known sequences in databases, assessing
their similarity and identifying potential genetic variants. Following this, multiple sequence alignments were
conducted using MAFFT software, arranging the sequences to highlight similarities and differences among the
isolates. The phylogenetic tree was constructed using the Maximum-Likelihood method with MEGA?7 software.

Results and Discussion

The samples collected from black grape vineyards in Kashmar exhibited mild yellowing and downward
rolling of leaf margins, symptoms commonly associated with increased anthocyanin levels in red grape varieties.
In samples infected with GLRaV-1, a fragment of the minor capsid protein 2 (Cpm2) gene was successfully
amplified, while no such fragments were detected in healthy plants. This indicates the presence of GLRaV-1, a
virus recognized as one of the common pathogens affecting grapes across various regions of Iran. The GLRaV-1
is primarily transmitted through vectors or contaminated cuttings, which emphasizes the importance of
monitoring and controlling these pathways to prevent outbreaks. Sequence comparisons revealed that nucleotide
identity among Iranian isolates ranged from 84.2% to 100%, while identity with GenBank isolates varied
between 77.6% and 87.7%. This high level of genetic diversity among the isolates may enhance the virus's
adaptability to different grape varieties, posing challenges for management and control. The observed diversity
at the genomic level was consistent with previously reported data regarding the sequence divergence between the
two GLRaV-1 groups (Alabi et al., 2011; Sabella et al., 2018; Fan et al., 2015). Phylogenetic analysis further
demonstrated that Iranian isolates of GLRaV-1 clustered into two main groups, indicating that the phylogenetic
relationships are not strictly related to geographical origin. In previous studies, global isolates of GLRaV-1 have
also been distinguished into two different groups based on the gene encoding the minor coat protein 2 (Alabi et
al., 2011; Elci, 2019). This finding suggests that spread of the virus may occur independently of the location,
highlighting the need for comprehensive management strategies. To mitigate the spread of GLRaV-1, the use of
virus-free plant materials is essential (Alabi et al., 2011; Bruisson et al., 2017). Genetic diversity of GLRaV-1
significantly influences the epidemiology of grapevine leafroll disease, underscoring the importance of
producing virus-free plants. Continued research is crucial to understand the underlying causes and effects of this
virus. Additionally, developing more sensitive and specific diagnostic tests, along with new control strategies, is
vital for effectively managing GLRaV-1 and safeguarding grapevine health.
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Table 1- Characteristics of specific primers used for study of GLRaV-1
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Figure 1- Viral symptoms including downward rolling of leaf margins, leaf interveinal reddening in red grapevine cultivars in
vineyards of Khorasan Razavi infected with GLRaV-1

laslad gn o olS (5 &5 Jbbyd yd )3 135 g yne CPM2)
$9y &S wolaid! cla S5l b ond gjlusslon Olakad .0k s

3 s See 93 sgl dop> S 5T 5 o STy Jganee
Sy J5 ol&uwd 1 edlazol b coled 53 ¢ 5599, Green Viewer
A (gl 4 eas (USA Alphaimager Mini ProteinSimple)
5l acdy olais] ST b ond gjluaslen clabd cous sl
(Macrogen) (55,5 Le <8 )i awg 48)b S Jlg oyuans 300
b bl i 08

Lasuls s 9lsl g
ol L oyl (e 25505 93 Jg5 canleds Julod g 4o
&ilwaadyon o (Muhire et al., 2014) SDT v1.2 5 sle s 5l
L GenBank y» sg590 slaaslin g adllas o) sladslis s
Katoh et al., ) i plosl can ases MAFFT 1581 5 5l solacl
5l 3 35S 5 (a3l Je gy 551§ e (2019
Maximum-Likelihood  jig,a Jl5,L5 <& )5 o, MEGAT

RO ¥

| LSLQ“A}’QJ BN sdsodnlie 929 pj)\s -9 Js.w

5b s YAA Jobay (claalad GLRAV-1 4 039l 4905 YV )
(ORF Y w‘)ﬁ ey (g (D) u?)b 5l o A J99’.)“’



1P Glinoy oF oyl YA ol (555l @buo g pale) oyl ! (LS cblis sba daghy \idd

G gilS g Slaen a8 ol 4lis GenBank > dgxge (glaaylis
slaalin L g i o p APV S0 K L (Sl sladslis
IS mls ol (¥ JSK8) 591 20,5 YV/E— AV/Y GenBank

odalio g5 Cusl ooy (il Sl SIS 01950 YL £55 3925
Sl alols 3590 53 (L8 0ab )15 slaosls b poif aaw 53 0
Alabi et al., 2011;) cily céllae GLRAV-1 05,5 ¢35 oy
.(Sabella et al., 2018; Fan et al., 2015

OF ool GLRAVAL s claalis wniisS cldlhe 5
Alabi ) wloas jloze Cogliie 09,5 93 4 ¥ ()8 (oidy (w9
sl JolS Jlgs ol oy (; Elci, 2019et al., 2011
Cod o) SO bl gaslis s GLRAV-L sl
Sy U 1o 43L5 65 53 GLRAV-L (sladylis oS5k
(Gholampour et al., 2024) 13,5 1,8 YU o )l

I 61439?(}:3 9 090 E95 GLRaV-1 walize slay; dﬁma
S Fos colin g, g wlswl jlid saimd )l &S Kiad o i
ol (S5 g9 ol ool (Fan et al., 2015) cuwl  Jloss|
(s Lulyd g 408 1306 )9S Cilisio )1 b pug g 6)l5 5L
Ol 9 o9 S 653l (G538 2 o U g g 529 2
lrog,Sold bliyl pus 4 asg5 L .(Song et al., 2021) cul (g5
Gholampour et al., ) ;-5 calises pl5)l bl y GLRAV-1
Lo ol paseio (Sij5Ld (g0 tiog)S pis 5 (2024
odliwl o 4S5 ((; Elci, 2019Sabella et al., 2018) Ll i

ooy ol Uil Jl S gl jgbate 4 g g Sl s)le (slaaols |l
.; Bruisson et al., 2017Alabi et al., 2011) cul (59

o oV S8) 035 I s b nalitio 20> S, 5,87
0952 4t L5l (S5l it oagll Wigad a JIgi (e |
&)y wops b5 las jl S GLRAV-1 .. gl GLRaV-1
Meng et ) cuol onds (5155 Lis (slag)8ge plod jl &S cunl 65l
ol byl sla kst jl zin GLRaV-1 (al., 2017
ld 938 enlng g 4glSaS (B8 loubdlyé
015 S )l 5 Jomelir 5 e glol sy gl
; Naderpour et al., 2018; Roomi et al., 2006) 5
(Pourrahim et al., 2004; Rakhshandehroo et al., 2005
Cudty JIg g 38 Glalpg MEGAT ljsle 5 g s sl JIgs
9 PP069516 PP069515 (slaylois () Ly Sbys 5 odal
(Y Jgis) 13 i PP069517

Ve by g 03§ i Sl Jibs b
GenBank ;s 35550 dslis ¥V o ol I GLRAV-1 slaaylis
sl ol o (Vb (S5 €95 9 oy onl 03,28 £5d
(A9 5 Wll c0lj () boygiS ol saalia b ol
4 (Sabella et al., 2018) L3 wlallae gub .00 (gai09,5
by bl Late Ly Sk (canadls & du) ol s
oldlis Lite 5 Snfohd (canasls o blo) pas opl .ailb
03] GLalS L oles yb 5l bias gy 45 amd 0 o)l
03501 (clnads b il aile (S0 (sloel, 51 aSly g o St
(Elci, 2019) 5445 0 Jaiio

ol yod 4 005 b Jlg GLRAV-1 alis aw Jlg awslis

(LQV1-HA7/ LEV1-C447) olasl S5l cin b aoys Sy 35T J5 5 RT-PCR Jguama 585,50 ¥ JS5
Voo JoSge ,Silis M e aali 5 oleid Sl e dnli D ojled Sl . s98, ol il ordisslaes GLRAV-1 & o391 (sladiges F b) sbSal,
(SLT0AL (oS L) 3 53t i
Figure 2- Electrophoresis of the RT-PCR product in 1% agarose gel using specific primers (LQV1-H47/ LEV1-C447)

Lane 1-4: GLRaV-linfected samples from Khorasan Razavi vineyards, Lane 5: positive control, Lane 6: negative control, M: 100bp
DNA ladder plus (Sinaclon, SL7041).
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Table 2- Characteristics of GLRaV-1 isolates that were used in molecular analyses in this study. The sequenced isolates in this study
are showed with *. The host of all isolates is Vitis vinifera

Accession no. Origin
HM636889 Chile
HM636890 Chile
HM636891 Chile
HM636892 Chile
HM636893 Chile
JQ023131 Canada
KF029723 Poland
KF029724 Poland
KF029725 Poland
KF029726 Poland
KF029727 Poland
KU674796 USA
KU674797 USA
KY827404 Czech Republic
LC746709 Japan
LC746710 Japan
LC746711 Japan
LC746713 Japan
MF565505 Nigeria
MF565508 Nigeria
MF565509 Nigeria
MF565510 Nigeria
MHB807213 Canada
MH807217 Canada
MH807219 Canada
MHB807220 Canada
MH807221 Canada
MHB807222 Canada
MN871916 Turkey
MZ344577 Canada
NC_016509 Canada
ON620255 Russia
ON645908 Russia
ON645910 Russia
OP718744 Nigeria
00Q029645 Slovakia
0Q029646 Spain
0Q849147 Iran
00849148 Iran
00849149 Iran
0Q849150 Iran
0Q849151 Iran
00849152 Iran
“* PP069515 Iran
**PP069516 Iran

**PP069517 Iran
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Figure 3- The phylogenetic tree of GLRAV-1 strains was reconstructed based on the nucleotide sequences of a portion of the minor
capsid protein 2 gene (398 base pairs) using MEGA7 software. Bootstrap values (1000 replicates) are shown on the branches.

.®Bootstrap values less than 50 are not displayed. Iranian GLRAV-1 strains are highlighted in red
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Figure 4- Nucleotide pairwise identity matrix of partial ORF CPm2 sequences of three Iranian isolates (red circle) with 44 selected
isolates from GenBank using SDT v1.2 software
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