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Grapevine fanleaf virus 2AHP gene shows more diversity at amino

acid level rather than nucleotide level
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Figure 1. Distribution of nucleotide (upper) or amino acid (lower) differences in the GFLV 2AH? isolates after

alignment. The longitudinal axis denotes position of the nucleotide (upper graph) or amino acids (lower graph)
and latitude axis denotes the percentage of the differences at a position.
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Figure 2. Neighbor-joining tree based on the nucleotide sequence of GFLV 2AHP gene. Branches with supports less than 70%
were collapsed. ArMV-NW as outgroup isolate was shown in blue, Grapevine deformation virus (GDefV) in purple and

Iranian isolates of GFLV sequenced in this study in yellow.
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Figure 3. Neighbor-joining tree based on the amino acid sequence of GFLV 2AH? gene. Branches with supports less than 70%
were collapsed. ArMV-NW as outgroup isolate was shown in blue, Grapevine deformation virus (GDefV) in purple and

Iranian isolates of GFLV sequenced in this study in yellow.

- WAV il 5 50 1Y oyl /340 090 | s 5 hma] S sniien



2AMP U il e gl at s s Y J g
Table 2. Estimating genetic parameters based on the 2AP,
N S Pi(a) Pi(s) Pi(a)/Pi(s) Pi Ow
q YA ARSTAYA WARY-AS3 N «/YAA0N E£(+/+YV4Y) Vo £ (+/00804)

35 i e & ol igr s PI(S) (blods Ll el 15 55 ks 0 meie a5 ola i s PI(@) (31,51 glacule slaws S (i ged slaws N
(A S 6 & Pi 5, Ow leiis LA,\:M\_,;:,J s
N: number of samples, S: Segregating sites, Pi(a): the average number of asynonymous substitutions, Pi(s): the average
number of asynonymous substitutions, ®w and Pi: nucleotide diversity.

2AMP 05 lul p sere s sl s o]
23 2R lalss bl el en) e (S35 gla el
£0/07VAE) Ow b s elel o bledd enysl Y Jsa
S 35 2AMP 05 Gy ((/VE\TA E 004 QAQ) PP (+/)TAAQ
il 1 gl o byl gla 318 L sltel ol anslis
Wetzel et al., 2002, Pompe-Novak et al., 2007, Mekuria )

et al., 2009, Oliver et al., 2010, Sokhandan-Bashir and
Melcher, 2012, Nourinejhad Zarghani et al., 2013,

23§55 s l)ls Nouringjhad Zarghani et al., 2014)
el 2C%P 5 2BMP clal (gl ol 03 fpress Ow b acylie
5128 2APP 5 gl Pi(@Q)IPI(S) (ol e (glacans
purifying ) _&e ol [Lis sy 5l Ol &S 5y S
05 ol b s sled s s ol Ll .ol (selection
L blae 2A07 ol clesl (gl lde opl a5k 558 OLSS

) 3l iy A-0TE glans S
DL 2A% 05 sla el dul y JelSS Glajlis o) 2 S
ol das 53,13 550 9 VA 0508 )5 o Ol oy i aS s
Lol pod dad 5 e ObRl Cod tln Sl O
§5 on @l sl e e s Lol Cke Ol
3 S Sl S U oG5 Al s S
Ll Lo 5 3l S g5 S 2R s eSS
o s sl b alie 5o S R Tl e
D 5 o 3l e Bl e 0T 53 kS 5 3l s

35 ab g e 4l
2A wl gl b ST (tasn b gy mear
L;@Mw)@ﬁ)\}w)f)))ﬁwi&bks‘}fb.b

'&)‘ﬁ)b .bj.\jrj.;&.?h)lb \)CJ’J uijxwkgwjﬁjffj)\

CACSC2 CACSC1 GHu Sshawlis
WACF2142 WAME1492 CAZINA1.CACSB3.CACSB2
En-03 , Ursll IS, 1 5l _Sos CAZINA2 ; CAZINAS.
NW 5 (ks 5l 55 ,a) Ch-FL4217 4 Ch-FL70 (o))
Sl sthey S @S S 3 68 0sb (0D
2 S alie 5 oS 55 Ul STkl (SIS
18 53 GFLV slagliz JS s 5y sy g Lol
sl s Sl gl & Lus gl S 05 S
Gl s g bl oeld 4l sduey S iles

L (g S

2C%P a5 ol ok JiI5S slasitues S 4 ax g L
Nouringjhad ) RNA2 ; ORF2 LIS J,b 2AHP 4 2BMP
o2l 59 2AMP 05 5l Lol sy S 5 Zarghani et al., 2013)
5 el Gladeud mhawe ;3 2A% 05 JI5 55 S35 L s el
S e Ol 5 e o planl (655 4 52 Slaglie 5 A5 2S5
axlllas 550 laalir Ols 53 535 op i 112 2A 05 &S
T e s SSs Wb sl o3y ArMV 5 GFLV
(Nourinejhad Zarghani et al., 2013, 2014) 4>C 5! ;3 osls
Loars bl s b el (S5sks slapdUT sl
2 48 5 a3 e S (s1n O 5l 0l e OF VL g 55
Skl @y b s g Sl S esliad 5L o
S5 4 bbb Ol s 2A ailae b S 55 sl Ul
AMV-a i 45 ol ol asls LS 45 |z 31 o s
ke S GFLV slaala> oo ;> GDefV ;5 5 Butterbure

sslatal -l sy (Nouringjhad Zarghani et al., 2014) .52 .

23 g g0 D S5 9 29 4_',)§ &L""u Sl 05 ol

WAV sl 3 5l /1 o5bocdh /i 093 [ g (] § Sl guscien -




. z HP . . e
wosn S S s s AT 05 g 5

Q‘)&M) 6)\_3&5\

Sl 3 gde ool 31 i 2AFP 05 s §55 Olse 4 (2001
boanelie 3 oS35 sl 5l 20 g8 Olpe B0
sSFE s e e sy RORD L (3lnl sla ter
s bt b s 53 (S5 755 sl 3 Jele g g
Sk sla 58 Gl (Garcia-Arenal et al., 2001) T
G AIMV s s RNA2 51 la i JUsl 5l 0L s oS
Olis Jass oul slaesls (Oliver et al., 2010) >, GFLV
ArMV-Butterbur  ali- G 5 Blas= 2A 05 &S sl
S ol ol e3ls OLa3 .ol GFLV O clics 5 035 S 55
AMV-NW ali gl ol 4 S S8 sladlunna
GFLV 2A" LS 05 L sl sl ol Ssw
g5 K pa s ol sl S S8 s 2SS s S
oosrs RNAZ giluailen Olse 5 Llg 0 2A 05 s
> .(Nouringjhad Zarghani et al., 2014) il ails &
il o sl b e 2AM 05 55 g 5 il Sl
AT DllS) cilie sladlze b (50) Ol SO o

(Pompe-Novak et ol sl 5,5 (x50 a5 (6,550 e

al., 2007, Imura et al., 2008, Mekuria et al., 2009,
Nourinejhad Zarghani et al., 2013, Elbeaino et al., 2014,

£ 3 sk S L s glaalas s a5 1> (Martin et al., 2018)

VQAQSR, ) Lledd plubs 500 slaciise Lss Lg e
CXSGXSAXXAEXXARXXKXXSLERV, PXXQXXTECXITPGGIXXEXXTXXTTXTSRvv,

ﬁy\p sleol o LA&_JLJ}A Q—il ULL Lol (QXXXPXV XXX MXRXXXXP

(Elbeaino et al., 2014) coul s 5 U & 5 s

6 284S sls Ol GFLV L ras 55 gl Iy Ooleglie
s ol lablos 2CCP L 2BMP o35l Olaa 4y S5 bl
sl (Ao YO STa) g5 bl Sl s ol bl 4
>~ > .(Pompe-Novak et al., 2007, Vigne et al., 2008)
ol Gl e £ 55 L Jas e 2ATF 05 55 655 ) VL
> .(Naraghi-Arani et al., 2001) ol odss 55155 s 05
Gl Al gwel 00 a5 oud sy Ola Ll gla tash
33l B S5 S8 e s 00 2R s, LS S
Wl B Conlom S s 5 ollen oS s S L
e s gy Jele ol s 5 (Martin et al., 2018) .|

0 sl s, S S5s3I

b L B0bal3T laglir S 5 S gl
RT-PCR L _Js (Sokhandan-Bashir et al., 2011) ..l
sl ot 4 5ENC/IMA S5l i s Lo,
53 GFLV 1 plawlis obs, lp s s s obsy |y Sl
Bl 5 o 3 355 OF 3550 3 Sledb| iy S bl
Olapen b3y 6l 505 om 51 Ll 2,8 515 eslizad 5, 5
multiplex s real-time PCR s ol sesl b w5y Lo
s e iso gl ek 1k gl ST 5l el ze PCR
S 0 L gl aes gbsy sUls S GFLV o455
Lsd oslital S o 55 1y (65K S et sy se axks
GFLV- 5 GFLV-3370/3NC ls 331 .(Mackay, 2007)
oons ol Sl glaalis ¢l «S) CP2-s/Oligo d(T)zs
> «Nourinejhad Zarghani et al., 2013) Lleds 5 s
Ol Dbl s gl Joo Bge 5 baglir il oL,

(Lleis osls

gl w3 RNA2 Cilowe glaisn gawlis b
303 5 55 e 2R 05 Us st AIMV 5 GFLV
Wetzel et al., 2002, Imura et al., 2008, Mekuria et al., )
s~ 31 2009, Nouringjhad Zarghani et al., 2013; 2014)
SB35 55 Sl gl s ok 4 sl i s Koo
5348 313 0L (iS5 5wl Gladeud o 53 2A 03
S i ael gladel T 53 2R 05 p 5 bl ol
L bemsns 0o ed mle g ieee 3 (S8 mlad i pls
ol el Ol BB S el s Sk RNA G35
3 i el gladaal 2y 45 LT 51 .(Holland et al., 1992)
5 53 S ot e 4y e S 5 0308
s st el Al JI5 3 ek 4 e S A5 AS
a3 s alond 0508 A5 AS 5 e s 53 g ST sane
sl 53 S S1 s e anel del o 4 e WIS e
33 il Al 53 ek 4 e 3,8 D) p0 9IS A5 AS
gl oo g5 BB s e 4 .(Nei and Kumar, 2000)
S5 S 5 e 53 0F Ola ¢ 55 Olpoe 31 28 il (gladnd
354 o RNA 55 L sla s s 53§55 75 Ooopes Il
Garcia-Arenal etal., ) 15 4S5 &G gl Jigr V7B 0

- WAV il 5 50 1Y oyl /340 090 | s 5 hma] S sniien



Q‘)&«A} 6)@‘

N WP e -
esn S S s 2ATT 05 g5

GenBank  sledbl L s GFLV 5 JIs (ool slias oKl
05, ax 3l 4ol 5 2AM 05 5550 53 Sledl Ll esyls s
L.J":f LL})‘ JL>:i\ ‘-].i‘JJL_J C,..Mﬁ.' b}}jﬁ cg:,..w\ ol a.,\ib V.iw
23 St Slalllas 4 5L 5 ooy Slsds sl laesls 5 e

&lw

Andret-Link, P., Laporte, C., Valat, L.,
Ritzenthaler, C., Demangeat, G., Vigne, E.,
Laval, V., Pfeiffer, P., Stussi-Garaud, C. and
Fuchs, M. 2004. Grapevine fanleaf virus: Still a
major threat to the grapevine industry. Journal of
Plant Pathology: 183-195.

Digiaro, M., Elbeaino, T. and Martelli, G. 2017.
Grapevine fanleaf virus and other old world
nepoviruses. Grapevine viruses: Molecular
Biology, Diagnostics and Management. pp. 47-
82. Springer.

Duffy, S., Shackelton, L. A. and Holmes, E. C.
2008. Rates of evolutionary change in viruses:
Patterns and determinants. Nature Reviews
Genetics, 9: 267-276.

Elbeaino, T., Kiyi, H., Boutarfa, R., Minafra, A.,
Martelli, G. P. and Digiaro, M. 2014.
Phylogenetic and recombination analysis of the
homing protein domain of Grapevine fanleaf
virus (GFLV) isolates associated with ‘yellow
mosaic’and ‘infectious malformation’syndromes
in Grapevine. Archives of Virology, 159: 2757-
2764,

Fauquet, C. M., Mayo, M. A., Maniloff, J.,
Desselberger, U. and Ball, L. A. 2005. Virus
Taxonomy: VII™ Report of the International
Committee on Taxonomy of Viruses, Academic
Press.

Gaire, F., Schmitt, C., Stussi-Garaud, C., Pinck, L.
and Ritzenthaler, C. 1999. Protein 2A of
Grapevine fanleaf nepovirus is implicated in
RNA2 replication and colocalizes to the
replication site. Virology, 264: 25-36.

Garcia-Arenal, F., Fraile, A. and Malpica, J. M.
2001. Variability and genetic structure of plant
virus  populations.  Annual  Review  of
Phytopathology, 39: 157-186.

L)'.’.l k;a.w\ ol bJu“J ('.h GFLV DL k;a.«-d\ fl:f LSLAL)"’}J'.’.J
3 Sl oS S bl gl Els aad i a e Sl A
sk iyl GFLV CP (gl oS 558 Olgme (%S 0sSU
(Pompe-Novak et al., 2007, Imura et al., 2008, ..l

Mekuria et al., 2009, Nourinejhad Zarghani et al., 2013,
« 4> ¢ L 2014, Elbeaino et al., 2014, Martin et al., 2018)

Hall, T. A. 1999. BioEdit: A user-friendly biological
sequence alignment editor and analysis program
for windows 95/98/nt. Nucleic acids symposium
series. pp. 95-98. [London]: Information Retrieval
Ltd., c1979-c2000.

Holland, J. J. D., De La Torre, J. and Steinhauer,
D. 1992. RNA Virus Populations as Quasispecies.
Genetic diversity of RNA viruses. pp. 1-20.
Springer.

Imura, Y., Oka, H. Kimata, K., Nasu, M.,
Nakahama, K. and Maeda, T. 2008.
Comparisons of complete RNA-2 sequences,
pathological and serological features among three
Japanese isolates of Arabis mosaic virus. Virus
Genes, 37: 333-341.

Izadpanah, K., Zaki-Aghl, M., Zhang, Y., Daubert,
S. and Rowhani, A. 2003. Bermuda grass as a
potential reservoir host for Grapevine fanleaf
virus. Plant Disease, 87: 1179-1182.

Loudes, A. M., Ritzenthaler, C., Pinck, M.,
Serghini, M. A. and Pinck, L. 1995. The 119
kda and 124 kda polyproteins of Arabis mosaic
nepovirus (isolate s) are encoded by two distinct
RNAZ2 species. Journal of General Virology, 76:
899-906.

Mackay, 1. M. 2007. Real-time pcr in microbiology:
From diagnosis to characterization, Horizon
Scientific Press.

Martelli, G. and Savino, V. 1990. Fanleaf
degeneration. Compendium of Grape Diseases:
48-49.

Martin, 1. R., Vigne, E., Berthold, F., Komar, V.,
Lemaire, O., Fuchs, M. and Schmitt-
Keichinger, C. 2018. The 50 distal amino acids
of the 2A"P homing protein of Grapevine fanleaf
virus elicit a hypersensitive reaction on nicotiana
occidentalis. Molecular Plant Pathology, 19: 731-
743.

Mekuria, T. A., Gutha, L. R., Martin, R. R. and
Naidu, R .A. 2009. Genome diversity and intra-
and interspecies recombination events in

WAV liasli g jlea /Y 0 jlouds /el 0590 [ S § (S0 | 9 Sl (pwoddien -




. = HP . . -
egr S50 S s s ZAT 05 6 g

Q‘)&M) 6)\.1&5\

Grapevine fanleaf virus. Phytopathology, 99:
1394-1402.

Melcher, U., Muthukumar, V., Wiley, G. B., Min,
B. E., Palmer, M. W., Verchot-Lubicz, J., Ali,
A., Nelson, R. S., Roe, B .A. and Thapa, V.
2008. Evidence for novel viruses by analysis of
nucleic acids in virus-like particle fractions from
Ambrosia psilostachya. Journal of Virological
methods, 152: 49-55.

Naraghi-Arani, P., Daubert, S. and Rowhani, A.
2001. Quasispecies nature of the genome of
Grapevine fanleaf virus. Journal of General
Virology, 82: 1791-5.

Nei, M. and Kumar, S. 2000. Molecular Evolution
and Phylogenetics, Oxford university press.

Nourinejhad Zarghani, S., Dupuis-Maguiraga, L.,
Bassler, A. and Wetzel, T. 2014. Mapping of the
exchangeable and dispensable domains of the
RNAZ2-encoded 2AH" protein of Arabis mosaic
nepovirus. Virology, 458: 106-113.

Nourinejhad Zarghani, S., Karimi, M., Zarghani,
A. N. and Hosseinzadeh, M. R. 2015. Genetic
diversity of and selection pressure on Grapevine
fanleaf virus movement protein in Iranian
isolates. Plant Protection, 38.

Nourinejhad Zarghani, S., Shams- Bakhsh, M.,
Sokhandan-Bashir, N. and Wetzel, T. 2013.
Molecular characterization of whole genomic
RNAZ2 from Iranian isolates of Grapevine fanleaf
virus. Journal of Phytopathology, 161: 419-425.

Oliver, J., Vigne, E. and Fuchs, M. 2010. Genetic
structure and molecular variability of Grapevine
fanleaf virus populations. Virus Research, 152:
30-40.

Pompe-Novak, M., Gutiérrez-Aguirre, 1., Vojvoda,
J., Blas, M., Tomazi¢, 1., Vigne, E., Fuchs, M.,
Ravnikar, M. and Petrovi¢, N. 2007. Genetic
variability within RNA2 of Grapevine fanleaf
virus. European Journal of Plant Pathology, 117:
307-312.

Schmitt-Keichinger, C., Hemmer, C., Berthold, F.
and Ritzenthaler, C. 2017. Molecular, cellular,
and structural biology of Grapevine fanleaf virus.
Grapevine  viruses: Molecular  Biology,
Diagnostics and Management. pp. 83-107.
Springer.

Serghini, M., Fuchs, M., Pinck, M., Reinbolt, J.,
Walter, B. and Pinck, L. 1990. RNA2 of

Grapevine fanleaf virus: Sequence analysis and
coat protein cistron location. Journal of General
Virology, 71: 1433-1441.

Sokhandan-Bashir, N., Hooshmand, A. and
Delpasand-Khabazi, A. 2012. Molecular
characterization of phylogenetically distinct
isolates of Grapevine fanleaf virus from Iran
based on 2AH" gene. Indian Journal of Virology,
23: 50-56.

Sokhandan-Bashir, N., Koolivand, D. and
Behjatnia, S. a. A. 2015. Preparation of
polyclonal antibodies to Grapevine fanleaf virus
coat protein expressed in Escherichia coli.
Biotechnology, 14: 173-180.

Sokhandan-Bashir, N. and Melcher, U. 2012.
Population genetic analysis of Grapevine fanleaf
virus. Archives of Virology, 157: 1919-1929.

Sokhandan-Bashir, N., Pashaei, A. and Doulati-
Baneh, H. 2011. Characterization of the full
length coat protein gene of Iranian Grapevine
fanleaf virus isolates, genetic variation and
phylogenetic analysis. Iranian Journal of
Biotechnology, 9: 213-221.

Sokhandan-Bashir, N., Zarghani, S. N. and Hejazi,
M. S. 2007. Diversity of Grapevine fanleaf virus
isolates from Iran. Virus Research, 128: 144-148.

Vigne, E., Bergdoll, M., Guyader, S. and Fuchs, M.
2004. Population structure and genetic variability
within isolates of Grapevine fanleaf virus from a
naturally infected vineyard in France: Evidence
for mixed infection and recombination. Journal of
General Virology, 85: 2435-2445.

Vigne, E., Demangeat, G., Komar, V. and Fuchs,
M. 2005. Characterization of a naturally
occurring recombinant isolate of Grapevine
fanleaf virus. Archives of Virology, 150: 2241-
2255,

Vigne, E., Marmonier, A. and Fuchs, M. 2008.
Multiple interspecies recombination events within
RNA2 of Grapevine fanleaf virus and Arabis
mosaic virus. Archives of Virology, 153: 1771-
1776.

Wetzel, T., Fuchs, M., Bobko, M. and Krczal, G.
2002. Size and sequence variability of the Arabis
mosaic virus protein 2A. Archives of Virology,
147: 1643-1653.

- WAV il 5 50 1Y oyl /340 090 | s 5 hma] S sniien



Genetic Engineering and Biosafety Journal
Volume 7, Number 1

Grapevine fanleaf virus 2AHP gene shows more diversity at amino acid level rather
than nucleotide level

Marziyeh Enteshari!, Shaheen Nourinejhad Zarghani?” and Sayed Mohsen Nassaj Hosseini®

! M.Sc, Department of Entomology and Plant Pathology, College of Abouraihan, University of Tehran, Iran
2 Assistant Professor of Department of Entomology and Plant Pathology, College of Abouraihan, University of Tehran, Iran
3Assistant Professor of ACECR, Gillan Branch, Rasht.

*Corresponding author: sh_nourinejhad@ut.ac.ir

Abstract

Grapevine fanleaf virus (GFLV) has been reported from vineyards worldwide. The virus causes different symptoms
categorized as three distinct syndromes including fan leaf degeneration, yellow mosaic, and vein banding. These variations in
the symptoms can be addressed by analysis of genetic diversity of the virus. The aim of the present study was to estimate
genetic diversity of the corresponding 2AH" gene in GFLV isolates especially the ones that are associated with the yellow
mosaic syndrome. Accordingly, the Grapevine samples were collected from vineyards in Bonab, Shir-Amin, Hossein-Abad,
and Tabriz in East Azarbaijan Province of Iran. After amplification of GFLV 2AM" gene from the infected samples via RT-
PCR, the products were cloned and sequenced. The sequenced GFLV 2A"" gene from 11 different isolates showed 0.8-27%
and 0.8-35 % diversity at nucleotide and amino acid levels, respectively, denoting a higher diversity of 2A"" amino acid
sequence than its nucleotide sequence. Likewise, presence of a hot spot for recombination events on 2AH® region was explored
by the use of recombination analysis. Moreover, it was found that the selection pressure on 2A" region is not uniformly
distributed so that the ratio (dn/ds) for the N-terminus proximity, between the nucleotides 408-564, was more than one.
Therefore, synonymous point mutations as well as recombination events might be reason for this evidence.

Keywords: Grapevine, GFLV, sequencing, phylogeny, nepoviruses, 2AH"
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