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Abstract

Grapevine virus A (GVA) belongs to Vitivirus genus and is one of the most important causes of wood rugose in grapes.
During the years 2019 to 2021, a total of 79 leaf samples showing symptoms of leaf yellowing and reddening from
vineyards of Khorasan Razavi Province (including Bardaskan, Kashmar, Khalilabad, and Mohammadiyeh) were
collected. The initial infection of the samples to GVA was directly checked using an ELISA test, and the final
confirmation of results was performed by RT-PCR with specific primers. Total RNA extraction was performed from
scraped bark of young stems using CTAB method. GVA was detected in 14 samples through the ELISA test, and a
fragment of 238 base pairs from the p10 protein was amplified in these 14 samples using RT-PCR. The amplified
products from four samples were ligated into the pTG19-T vector, and the recombinant plasmids were sequenced
bidirectionally. The obtained sequences were compared with the other GVA sequences in GenBank using BlastN tool
and the nucleotide similarity was 85.7-95%. The phylogenetic tree based on p10 protein showed there are four main
groups, and Khorasan Razavi isolates classified within the fourth group. Comparison of p10-protein sequence of Iranian
isolates with other isolates showed there is a conserved region in N-terminal region, which includes an arginine-rich
motif followed by a zinc-finger motif. There have been many studies on other viruses of grape in this province, but this
is the first study on ithe phylogenyof GV A isolates in the vineyards of Khorasan Razavi province.

Keywords: ELISA, Motif, ORF5, Phylogenetic analysis, RT-PCR.

How to cite:

Gharouni-kardani S, Karimi shahri M, Pakbaz S, 2024. Phylogenetic analysis of Grapevine virus A from the vineyards
of Khorasan Razavi province based on partial ORF5 gene. Journal of Applied Research in Plant Protection 13 (1): 73-
84.


https://dx.doi.org/10.22034/arpp.2022.15200
mailto:s.gharooni@areeo.ac.ir
mailto:s.gharooni@areeo.ac.ir

Ve w5 595y lol B el ;5 SEL 1 Grapevine Virus A) so (of g g S5,557 5L oo 5 s 18

GVA .(Martelli et al. 2001) wj o Ojlus> Jgaxe
Gk s Lhaes Ojge 4 baStind alws 4 Wl oo
Gilise pilel slopbie S5y 2 SolSo Jl 5 wig
La Notte et al. 1997; Yoshikawa et al. ) sqi Jaiio
(2008
slis 3T alox 51 iler cilie blie I GVA slagylo
Sloals Las W gy g Wloos 3,55 el g 048, ¢ gi
aed 45 B g5 sl ls o] CP g RARp (sla JIgs oS’
colis Jdss el (Wang Luo et al. 2013)
S ot Jls GVA g5 GLL (5w 53 sussilSys
oeSs ) ORFA LS Jlgs «(MP (=S > .55 ,) ORF3

waseine B'UTR 5l isw g ORFS oIS JIg5 oCP ¢ ciivg
s (D) 09,5 4w &0 GVA baslas a5 0

Jelo g 432 (Goszezynski & Jooste 2003a) Wil oo
oong salar CP L5 glaJlys ulul p Sesselid
05,5 Loz @ baslas 5 0uls sl Alabi et al. (2014) lawgs
sbala> Glasa & Predajna (2016) .ol s ol
CP slags sorotls s sla Jlg I (grond bl 12 |, GVA
20,5 (Gokdiws Syiisksd 0,5 > 4 ORFS 4
gy 3 eolial b b dsl sl olnl 50 GVA (g0
2 Olpl 50 58 Glagws ng @39 5 9wt (o) 2 (@l 2003
VWAL GFLV 1) gouds o yiin a5 ols olas Yo o0 Jlo
Rakhshandehroo et al. ) w3,5 )13 sguw 5 pg0 ool l>
ol sl (eI ady bl 31 GVA (2005
5 koS (olesS b bl (5 obubydl
Moradi et al. 2017; ) cowl oals (i )138 50 ol g el g
sl ig, 5l wypg ol Lasseis sl (Rastgou et al. 2022
9 (RARp) ORF1 _L Jlg ole» 4 RT-PCR 4 ELISA
Afsharifar et al. 2009; ) cewl ooy oolaw! (CP) ORF4
.(Habili et al. 2003; Moradi et al. 2017
Q017) Lansgs 2uivgy 55 M ool S35 oo
al glebs AT Al d) Lol 09,5 4w [Moradi et al.
5 223l S8 1 ag S 13 38 Gl oad b I sboaslan
asle @l oldla> gble 51 Ko sl ol an
6l 3T 5 G ol oy oS> (5500 LIl o JLil opdads
05 B g lel paddllas (pl disg 09 Sea a9
slale Shls Jdos 5 padeis )15 ol oty

dodlo

5 isesd 5l S (Vitis vinifera L) 5]
ool gl Gz o Gloge Y game (g Fos S
30 wapg AP YoV o Bl U e tws 5o sleosls
o mog ol 5l o 45 Coul onds glulis Vitis slaasss
R I P T A P Wy SV
bl oSl sly Jetome 28 o3l Olyie 4 bogwg ng
i Ot anle e g g ((FUChs 2020) wloos
5 kS aizmen 5 aiil 413l oS jee Jsb 5 ai,
Naidu et al. ) wwo 1,8 1350 cov |y 1650 SY guama o Slac
(2014
51 s (GVA Grapevine virus A) g0 sl wsys
polpe 3 &S Cl olagwg g IS 6y 0o Sk
ez 3559 Wb el len 5 cwl oud aslis s
465l 155 gl a8l s,k 3 Rugose wood (RW)
Minafra ) &S o olx! 1, Kober stem grooving (KSG)
odlgils oy 4 slaie VitiViIrus iz 51 wgpg ol (2000
Adams et al. ) c..! Betaflexiviridae oolgl> 4 Trivirinae
5 yaglb A e Jsb 4y pldy s slans, 3 lls (2017
2y S ol gy ol 5 el Sagl VY-1Y s
coz,l iy g (FSSRNA) ot cohad b 4l ;S5 RNA
RNA el cole Jotuw ORFL ool (ORFS) 5
Osdlasls VAT JoSUge (135 b (RARP) RNA & ats
3 dyee Sl 4 a5 WS e oS |, g, ORF2 .
Alabi et ) ail anils s b Sicd alows 4 g g JUi!
¥V JsSse 59 b (MP) S > (555 » ORF3 (al. 2014
eSgn 0auSaS ORF4 wiS o (5,005 oS 1, oyells oLS
woles 55 9 ogdloghs YN0 (JsSUge (339 b (CP) iy
1, P10 6l & 5logks Vo JySJge 39 b 555, ORFS
Galiakparov et al. 2003; Brumin et al. ) &S o oy
(2009
WS obml g y0 1) it Do Wl oo 9o ST wany
(SR 9 60 Sr JE s elS Gl el sl
oary ol omizmen bl @l 5 sz 5555, ()
Ol 5SS 5 038 hte 3B 5o 0Shes » Wigi e
9> 5659, (Moradi et al. 2017) oas als |, 465l o
Wl o a5 Col Wigw b Jas! LB slags o 5l slacsams
1) olS b 355 S e Zaled )0 5 35800 odmline Siny
@ 2oy YV B O G Gegns cnl Wl o o)ls (o 5o

J Aopl Res Plant Prot

$




OF-Y) YY-AF () VY gﬂﬂ/go/z«f).) L;JX)Z)/L;[@M}/%

Yo

Gl s Jie il 4 VFerwshe ol |,
5291 gy 5l GVA (ugpg ar 008l sladiges alsl jaseis
eolasl bl i oolanul b (Direct-ELISA) e
4 olais] ol 5T i eolanul (Agdia, Italy) GVA
PSR Y/ P PO S SV PR VA RO
sl 5,5 NaN3 5 +/Y s NaHCo »,5 93/2 <Na2CO3
A Lol culy Sal> o 4 g b 5.8, (YF=PH ais Ol
ALl eoliul b lez slos (x50 las it 5l
NaCL 5 A e 5 0,5 7 Jold) S48 semb
-10 5 NaN3 s, +/Y PEG-6000 »,5 10 PVP o5 Y-
(PH=V/F g Lol e 0T ) Sy o Tween20 ;o) s
30 ojlas (gl JY5 5l G g ol sl VY s @
r“:‘.}ﬂ & Jate ool gj bSal> o ub by, bSal>
o, 40 S Caad 4 a5 (IgG-conjugate) ;Llaws IS
(0 o5 b 202 ¥ (55l sl (il ) coSazuls’ 3L
Lisage 3L 0l i) ob g Cand Gl 09 0dd (33,
S i Syt o) 1Y g el S5l 0 55 e A)
i adlal Sal> e 4y (VF=PH 5 L ol Sl T 12 )
P00 bSals g5 iz Ol cele K CB3S ) e
Jow (Elisa-reader) ;o> 150¥1 oSiws 5l oolaiwl b yiegils
A8 (g Sl (55,01 BiOTek-ELX808)

03] 6&4354\; Slsie 4 1591 eesT L a5 glasgas VF
5 sl ol Ol gl gln wivg ouds 9l (msny
L ge s> 6Lmﬁ 5 aBls oy loasl s 5l .os eslil
oole zlZiwl gl CTAB-PVPP ool (gjlwaige (o9,
(Gholampour & Zakiaghl 2016) o eslaiwl g (S55

S 3 AdsSee ez (CDNA) JoSe ais, 3w sl
Ty Sty polasl Skl s S So L S 6l
ar ;o PO Loy g Son g bsls o3ins O 1y S
boloeo s Ko 99 (w0 00ls 1,8 a4 80 iy Do 4
w5l S 50 5 (RSTs OX 3L s See oz (ANTPS
Thermo-resistant H-MMULV RT, ) usSae lo, aseus
Sgis oo a8lol bglsea 0 jigs Ol il S 9o g (Parstous
4 ol)S il az o VO o ol JSoluge i 5o g5 5
Fo Do a5 ile 4z 0 TV Gled s 4880 V- D

D55 o0 1,8 adBs

GVA (ly PIO0 ey o5 ol ,s8 Sl 5l GVA
RNA & Jate Gufisn S plsie 4 g o)l ool coenl
S e 5 o)) ) 6 cidse il g WS o s
Galiakparov et al. ) <.l (zinc-finger) g, Sl cadge
sbalas o axl (pl F385 vy g axdllas 51, (2003
23,5 )8 aslllas 3550 05 cnl (many S

(53kaS sz S)lis VFe e Jlo oyizie Lol Gk
2 Stk DYgame o 5l adss Gl Gayin po 4,
e 5 O Ogeles VA 390> adgi b )5Sl @y bgaye j528
aS ooy St Vgame adei ol JS 5l a0 VY
VEIA st b oy esio o VOO g b oo (slall
e b 52938 (5023 WWIF ot b (5925 Lol g0
PRIV VL S PR SO A S P PSP RWIRSL VA
Wlaals 3 enS 6Kl GFaSads e B gl slaas,
BYS ¢ IRV P S LR BRVESRA N L BRPRCE l:.o.? obwl &5 ol
Ol 3 58l S ) e ailedges el |y 59
5 L,LSe YPIVF. sqa> AF-r Jlo 0 (sgs, ol
0350 (5 YO IOYD Jpame cnl (2l 5w 958 (liee g90ee
Ministry of Information and Communication ) <ol
(Technology Center Statistics 2022

55 oS A (e lyim $92) Ol oLl o
Oy3e 90 2 fge Swang ple o)y (plaiew;  olpl 5o
S5 €55 5 IS o)y P Bl Ll sl 4235
sl sl e Syzge il L L GVA slaaylas
Olelyz bl 51 o onl (e85 €95 (s Sl GBS
SLL arwg g S B8 a4 Sobe badlioe 692,
el A e Wil 9o Slaguang Olnl 0 55
€55 5 @8 S winlnly Wgd Jpame oS g 5 Shee
@ Wlgee lnl 5o 88l Glamgng ple s GVA (S
OLaSE 5o 5rlow 5l 65Kty 5 Sunae lagl il 4l
S S et sl

L9 9 dlge

Sl il Gl 5l g Sy diged VA slaws
Srodleds 53 (domma g oLl Sl ellS (S ) (92,
&9l @ox LAY lalo 50l blsl 5 5l Jsb 5o ol
SR 5 69,5 S JS8 s @Dle &5 badiged (nl aiud

J Aopl Res Plant Prot

@Am


https://www.ict.gov.ir/
https://www.ict.gov.ir/

\Z4 w5 595y lol B el ;5 SEL 1 Grapevine Virus A) so (of g g S5,557 5L oo 5 s 18

Biomatters, ) 138 o5 5l eolatwl L o Jlgi ilyg

el Geneious prime 2019 (Auckland, New Zealand
s Fasta cow s b sla bl UKo b oel casay sla JIgs o
GVA Gl g b oad o la Jlgy .ol oolel Text
GenBank oalo oL 4o d4>g0
BLASTNn ;I oolatw! L (http://www.ncbi.nlm.nih.gov)
o2 5 $aisilSs g calid Jlod g 40 aiad aulie
Al ol Voases MAFFT 5l oolainl b o glucass,
$3kik MEGAT Jf5dle 5 Lassi Jao 0o yige S5 51 s
L (ML) Maximum-Likelihood 5, 4 Jlj,ls oo
slodly a5 Sye SIS Ve
cbli> glaciige Bl cus ol giel ond (300
S ooy oo <9 L b

ad e 4 a0 (Mttp://weblogo.berkeley.edu/logo.cgi)
(Crooks et al, 2004)

oM b 6l slodiges VFee BTN GlaJle b o
Jolo g2, Olelm Glaglast Sl Gugpng 4 4
Ol Gl 53 atama 5 LTS Bl oSy
5o ol odalive e 1 Folis () Jguz) Bad (5 5laex
e 638 9 60 S S s Jol plinst
2 Bogny plo ohes a4y sl (Sas (wy g onl &5 ol
e bl 2 Bro GVA olulis gl palb (uSheS S
G olold Gl o p oSl Sl s end ol
oMD drog (paril gy wir b Sl cwl p3Y (g
.(Meng et al. 2017; Zherdev et al. 2018) 545 oolazul

caiz 3| osliiul b g RT-PCR lawsss badiges ol (s
Sy90 (s095) dxhd ol aul ORFS  pease sle 55l
ORF5 Jlgs 3l siowsd b jbliie 5L cai VYA Jobo b ]
2ot (el GalS) J5 el 51 oS Jbo 5 b 25
(V JS8) ais iSO (glaalad

L alar ez lp ORFS gugeilSs Jlg 5l end
o5 Sb 4> OP870159 s OP870156 o jiws (sloolas
GedlS bl Ll 5l ey a bl ol el e
(Y Jgaz) wilowd (g3lalaz Sws g e

slo,55el 5l solawl bole s lopum; STy
GVA-F (5-AGGTCCACGTTTGCTAAG- olai>

55 sl 3)/R (5'- CATCGTCTGAGGTTTCTA -3Y)

(Mackenzie et al. 1997) o slxil ORFS 5 5l siewd

ol g Sen iy Jold s See Yoo STy 2l o>
Vo ST e gl pdssSee So DNA I s S a
Ampligon Red Dye ) PCR oS solel bglses 5 yidg Sen
3¢ (Master Mix, Denmark

S Sy Jols ey slopmy STy les askiy
4 AY°C Jolls a5 1> YO g ddds dw Saw 4 0°C glos o
FO Sae 4 OFC (gluais july a> e o 4l ¥ Sus
YY'C S 6 colys 4o g asl £ o 4 YY'C g gl
Bio-Rad MJ ) SGlugeys 5l oolawl b adds Vo Gue
49,5 slsl (Mini Thermal Cycler, USA

el Seo 35 Sl 90,3 VY 38T J5 13 PCR Jpams
Slo J5 olfiws jo Caled 40 9 5,589,551 Green viewer ;|
&l pSe (Alphaimager Mini ProteinSimple, USA)
W

ools Wb JsSge (g0l 40 a5 diges VF 5l diges Jle>
Sl b s sl wiliee i ,ed B4y bgs e wise:
Ji gl oS 5l eolital b ooad oS5 olabid wsad
5,81 J5 5! (GeNet Bio, Korea, Cat No: K-8000)
Srendly 4 oud (ilegalls pif axkad s ad (silulox
Sod | eolatwl L g sl (Vivantis, Malaysia) pTG19
Jusl Escherichia coli 5 ,2SL 5| DHS0 a9 40 5,1 ,>
be jo @l g ashe Gladsls ogy 4 6,802 dly
Gl 55T 5l solital b asie sla gslS wd albxl coas

Sy 2l S Glp Ll o 2 G s el
oS 5l eolaiwl b oS e slaaendly aid )5 1,8 oolaiul
Qiagen Plasmid Miniprep Kit, ) sedy zlz5el
gl eaisle oS ,8 Jeadljgws  eluly (Germany
Voooads el axkad (Sequencing) Jlg s (gl p 0l
& s San 53 p Sl Ve chle L oaedl s S
s dly slp (25> 0,5 ;o (Macrogen) (y5q,5k oS %
5 S8 a0 2 0 b ly el Lol saselSe

J Aopl Res Plant Prot

$




OFY) YYAF ()Y i poles 0 00,015 slo oy \A

_ L

S308 5835 S S s Sl s

o~ X . "

55, olwlm bl glap st o GVA 4 009,” Grdises ;o ouls calice cwg g e . JS8

Figure 1. The viral symptoms observed in vineyards (Vitis vinifera) of Khorasan Razavi infected with Grapevine virus
A, include leaf deformation, yellowing, and reddening (left). Uneven development of stem (right).
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Table 1. Sampling areas and the number of samples infected with Grapevine virus A.

Number of
. . . Number of infected !\Iumber of -
Province City Collection date . infected samplesin  Host
samples collected  samples in PCR
ELISA
Khalilabad 22-Agu-2021 20 2 2 Grapevine (Vitis vinifera)
Razavi Kashmar 12-Sep-2021 20 3 3 Grapevine (Vitis vinifera)
Khorasan Mohammadiyeh  22-Agu-2021 20 5 5 Grapevine (Vitis vinifera)
Bardaskan 30-Sep-2021 19 4 4 Grapevine (Vitis vinifera)
Total 79 14 14

ggg &

5 ¥ Sal, i aals )V Sal, (GVA-F/ GVA-R) olais! S5kl cax b aw,s G 5,571 J5 ,0 RT-PCR Jgame ;5,485 5501 S

(100 bp) JsSUge ,Slis M .coite aalis F o leds Sl 59, ool 3 olivl 5l onds (6 glae> GVA 4 0391 slaaiges ¥
Figure 2. Results of RT-PCR using GV A specific primers (GVA-F/ GVA-R). Lane 1 negative control. Lane 2-3 GVA
infected samples from Khorasan Razavi vineyards, Lane 4 positive control, M 100bp DNA ladder.
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Table 2. Accession numbers of GVA sequences identified in NCBI. Strains sequenced in this study (showed with e).

Accession no. Host origin

e OP870156 Vitis vinifera Iran- Khalilabad
e OP870157 Vitis vinifera Iran- Kashmar
e OP870158 Vitis vinifera Iran- Mohammadiyeh
e OP870159 Vitis vinifera Iran- Bardaskan
MG551301 Vitis vinifera Iran
MG551302 Vitis vinifera Iran
MG551303 Vitis vinifera Iran
MG551304 Vitis vinifera Iran
MG551305 Vitis vinifera Iran
MG551306 Vitis vinifera Iran
MG551307 Vitis vinifera Iran
MG551308 Vitis vinifera Iran
GU084163 Vitis vinifera Iran
GU084164 Vitis vinifera Iran
GU084167 Vitis vinifera Iran

Y07764 Nicotiana occidentalis Italy
X75433 Nicotiana benthamiana Italy
HQ671645 Vitis vinifera x Vitis labrusca China
HQ671650 Vitis vinifera x Vitis labrusca China
HQ671657 Vitis vinifera x Vitis labrusca China
HQ671638 Vitis vinifera x Vitis labrusca China
HQ671666 Vitis vinifera x Vitis labrusca China
HQ671644 Vitis vinifera x Vitis labrusca China
HQ671628 Vitis vinifera x Vitis labrusca China
HQ671641 Vitis vinifera x Vitis labrusca China
HQ671635 Vitis vinifera x Vitis labrusca China
HQ671632 Vitis vinifera x Vitis labrusca China
HQ671653 Vitis vinifera x Vitis labrusca China
HQ671648 Vitis vinifera x Vitis labrusca China
HQ671640 Vitis vinifera x Vitis labrusca China
HQ671663 Vitis vinifera x Vitis labrusca China
HQ671651 Vitis vinifera x Vitis labrusca China
HQ671659 Vitis vinifera L. x Vitis labrusca China
HQ671655 Vitis vinifera L. x Vitis labrusca China
HQ671658 Vitis vinifera x Vitis labrusca China
HQ671627 Vitis vinifera x Vitis labrusca China
HQ671652 Vitis vinifera x Vitis labrusca China
HQ671661 Vitis vinifera x Vitis labrusca China
HQ671665 Vitis vinifera x Vitis labrusca China
DQ855081 Vitis vinifera cv. Shiraz South Africa
DQ855082 Vitis vinifera cv. Cinsaut Blanc South Africa
DQ855083 Vitis vinifera cv. Merlot South Africa
DQ855087 Vitis vinifera cv. Merlot South Africa
AF441235 Nicotiana benthamiana South Africa
DQ855086 Vitis vinifera cv. Shiraz South Africa
AF441234 Nicotiana benthamiana South Africa
DQ855084 Vitis vinifera cv. Shiraz South Africa
DQ855085 Vitis vinifera cv. Shiraz South Africa
KC962564 Vitis vinifera cv. Shiraz South Africa
AY?244516 Nicotiana benthamiana South Africa
KF594433 Vitis vinifera Frankovka variety Macedonia
KF594434 Vitis vinifera Vranec variety Macedonia
KF594432 Vitis vinifera Vranec variety Macedonia
KX828703 Vitis vinifera cv. Trajadura Brazil
AF007415 Nicotiana benthamiana Israel
KF029735 Vitis vinifera Poland
KF029733 Vitis vinifera Poland
KF029734 Vitis vinifera Poland
KF029736 Vitis vinifera Poland
JN565032 Vitis vinifera Poland
JN565031 Vitis vinifera Poland
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