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ABSTRACT KEYWORDS
Grapevine fanleaf virus (GFLV) is widespread in vineyards around the ELISA;
world. Investigations on GFLV from vineyards in several provinces of GFLV:

Iran have provided enormous information on the virus detection, distri-
bution, recombination and even eradication in the recent decade. Prima-
rily doubleantibody sandwich enzyme-linked immunosorbent assay (DAS- RT'_ P(.:R;

ELISA) has been applied to survey for GFLV in Iran. Later on, an initial Variation;

screening by ELISA was followed by reverse transcription polymerase Grapevi ne.
chain reaction (RT-PCR). In the initial PCR assays, previously designed

primers were exploited, but when sequence data of local isolates were

became available newly- designed primers were used that increased effi-

ciency of the assay. As a result, sequences of movement protein (MP),

coat protein (CP) and/ or even the hypothetical protein (HP) are now

known for many GFLV isolates from the northwest, northeast, southwest

and central part of the country as well as full-length sequence of GFLV

RNA2 in four isolates. By analyses of such sequences, it has been re-

vealed that GFLV isolates from Iran are distinct from the isolates of other

parts of the world. Green grafting method on Gerey-Dash variety was

also developed for screening the graftsin large scale. However, there are

till gaps in our knowledge on the virus from Iran that requires further

research. The ultimate goal would be control of the virus via establishing

a sanitation scheme as well as exploitation of novel gene silencing strat-

egies in order to combat the virus, save precious local cultivars and in-

crease their productivity. This is the first comprehensive review on sta-

tus of infections with GFLV in Iran.

© 2015 Trade Science Inc. - INDIA

Iran;

INTRODUCTION ing to eight families. There are also membersof un-

assigned generainfecting grapeving® 2. Fanleaf de-

Grapevineis susceptibleto 58 virusesand 5vi-  generation is one of the most important viral dis-
roids. Thesevirusesareclassified ingenerabelong-  eases of grapevines worldwide. The disease was
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first described by Cazalis-Allut in 1865, but it was
not until 1902 when Baccarini suggested that
“fanleaf” may be due to a virus, which finally was
confirmed by Petri in 1929, The diseaseis caused
by three virus species of the genus Nepovirusin the
family Secoviridag. Among them, the most impor-
tant speciesis Grapevine fanleaf virus (GFLV) that
isnaturally vectored by the ectoparasitic nematode,
Xiphinema index®. Accordingly, GFLV is wide-
spread around the world where grapevines are
grown and the yield losses can be severe. Progres-
sive epidemic foci develop in infested vineyards
within afew yearsfollowing initial detection. Itisa
very damaging virus, causing reduced yields due to
poor berry set and increasing the susceptibility of
the grapevine to biotic and abiotic stresses®.

The GFLV genome is composed of two single
stranded positive-sense RNAs (RNA1 and RNA2)
which carry acovaently-linked viral protein (VPg)
at their 5i extremity and a poly(A) stretch at their 3

ends (Andert-Link C, et al., 2004). RNA1 encodes
polyprotein P1, which is processed into Gve pro-
teinsincluding 1A (unknown function), 1B"¢ (prob-
ably the helicase), 1CV™ (VPg), 1D (proteinase)
and 1E™ (polymerase). These proteins are the only
proteins required for RNAL replication, and they
function in trans to ensure RNA2 replication®. A
putative homing protein (2AH7), the movement pro-
tein (2BMP) and coat protein (2C°F) are trandated
from RNA2 as a P2 polyprotein (Figure 1).
Grapevine (MtisviniferaL.) isanimportant crop
in Iran with a cultivation area of 313,315 ha and
production of 2,795,925 tong®. A wide variety of
grapevine cultivars are cultivated. It is produced
mainly inthreedistinct region of Iran, namely north-
west, northeast and southern. The first report of
GFLV inIranwasbased on visua symptoms®. This
review encompasses our knowledge on GFLV from
vineyards in Iran. GFLV is thought to have origi-
nated from ancient Persiaand then spread to the west
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Figure 1 : Genome organization of grapevine fanleaf virus represented by that of isolate F13 (A) and the differ-
ences in the virus isolates from Iran with that of GFLV-F13!" (B). The ruler line corresponds to nucleotide posi-

tions in the stretch of the molecules
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through infected propagating material*® . However,
no comprehensive review has been written on the
information obtai ned from studying GFLV inlran. It
seemsthat virus-infected propagation material con-
tributesto dissemination of the virus predominantly.

Symptoms caused by GFLV and itsnatural host
range

Three distinct types of GFLV-associated syn-
dromesincludinginfectiousmaformation, vein band-
ing and yellow mosaic have been described? and

revised later by™ astwo distinct syndromesinclud-
ing infectious malformations (fanleaf proper) and
yellow mosaic. Inlran, al kindsof GFLV symptoms
as described by!* 1 have also been reported™® 1>
21 Thefirst report of GFLV-associated disease from
Iran was solely based on symptoms®. The infec-
tious malformation (fanleaf proper) wasreported to
include open petiolar sinus, shortening of internodes,
leaf deformation, double nodes, zigzag growth of
shoots, shark-toothed leaf edges, and stem or
branches fasciations (Figure 2 A, B and E). The

Figure 2 : Grapevine fanleaf virus symptomson grapvinesin Iran. A and B: double node (black arrows), fasciations
(red triangle), open petiolar sinus, shark-toothed leaf edges (blue diamonds), C and D: vein yellowing and vein
banding, E: shortened-internodes in the lower branch (infected) compared to healthy ones (upper branch), F and
G: yellow mosaic syndrome on leaves starts with yellow spots or flecks, then coalesce and become necrotic, H:
yellow mosaic syndrome on the branch and leaf
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symptomsreported for yellow mosaic syndromeare
yellow flecks and mosaic on leaves and branches
which coalesceinto large yellow areas (Figure 2 F-
H) and may become necrotic. Both vein yellowing
and vein banding syndromes have a so been reported
fromvineyardsin Iran (Figure 2 C-D) with adiffer-
ence relative to the time of the appearance as ex-
plained by*4. Accordingly, vein banding appearsin
mid and late summer whilein most part of the north-
east region of Iran this syndrome appears mid or
late April. Surveysin vineyards of Iran have shown
that in southern provincesthe fanleaf malformation
is dominant. In our studies, we have reported this
type of symptom to be prevalent in Ardabil in the
northwest?? (Figure 2A, B and E), but shortened
and zigzagged internodes were seen in most aress.
Therefore, although various GFLV-related symptoms
are observed certain symptoms appear as predomi-
nant in each locality. For instance, in vineyards of
Bonab, Malekan, Takestan (all in northwest of Iran)
and Bojnoord (northeast of Iran) vein banding was
prevalent while in Shir-Amin (very close to Bonab
and Malekan), Hosein-Abad-e-Zahra (very closeto
Takestan) and Sabzehvar (close to Bojnoord) yel-
low mosaic and | eaf distortion, shortened internodes,
and stem fasciations were mostly observed.

In addition to grapevine, GFLV has a so been re-
ported from Bermudagrass (Cynodon dactylon) from
south of Iran athough thereis no information on the
symptom(s)129. Interestingly, in arecent study'® GFLV
was detected in knotweed (Polygonumsp.), raspberry
(Rubus ulmifolius), Johnson grass (Sorghum
halepense), plantain (Plantago major) and sweet-clo-
ver (Melilotus sp.). Therefore, the natural host range
of the virus is not limited to Mtis spp. That once
thought. This may suggest that other vectorsare also
involvedinitstransmission.

DISSEMINATION OF GFLV INIRAN

Several studies dealing with GFLV in Iran have
been devoted to detection of theviruswheress little
attention has been paid to its dissemination. In our
studies on soil samplesfrom vineyardsin the north-
west of the country no vectoring nematode was i so-
lated. This may be suggestive of dissemination

through infected cuttingsin that part of the country.
However, the nematode vector has been recovered
from soil samples of the infected vineyards in the
northeast region of Iran?®. Overall, because the
grapevines are not regularly screened for virus in-
fectionsit is specul ated that transmission viapropa-
gating material is the main source of the virus dis-
seminationinIran. The ultimate goal from detection
of thevirusisto facilitate establishment of asanita-
tion scheme so that any source material can be
screened for the virus before the propagation.

DETECTION OF GFLV

Efforts to optimize protocols for detection of
GFLV in other countrieg0 15 17-2. 2731 have resulted
in successful isolation of thevirusvariants. Therel-
evant techniques include serological procedures
(mostly ELISA) and molecular methods such asre-
verse transcription polymerase chain reaction (RT-
PCR) followed by sequencing. Newly established
green-grafting method was also suggested for pre-
liminary large scale screening of cuttings or nurser-
ies by alone or in combination with RT-PCRI2¢l,

Detection by ELISA: Enzyme-linked
imunosorbent assay (ELISA) isarobust method for
detection of viruses. It can be done on- sitein vine-
yards, farmsand orchards. Although RT-PCR hasbe-
come popular in the detection of viruses since mid
1980s, ELISA it isstill applied in large scale detec-
tion or alongside RT-PCRI*" 2022 Generally, double
antibody sandwich (DAS)-ELISA method®* isused
in detecting GFLV; however, direct antigen coated
(DAC) - ELISA method®¥ has aso been applied to
enhancethe sensitivity!?. In DAC-ELISA themicro-
titer plateis not initially coated with antibody which
otherwise imposes a selection on the type and num-
ber of antibody molecules being trapped in the plate.
Therefore, total protein including viral protein can
bind the plate with amaximal capacity (Figure 3).

In al the reports on grapevine viruses in Iran in-
cluding GLFV, ELISA hasbeen applied (Table 1). The
first report is that of® where samples of grapevine
from Fars, Kohgiluyeh and Boyer-Ahmad and West
Azarbaijan provinces were surveyed for GFLV by
ELISA. Accordingly, vineyardsin al these provinces
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Figure 3 : A schematic representation of direct antigen
coated (DAC) (left) and double antibody sandwich (DAS)-
enzyme linked immunosorbent assay (ELISA) (right).
Notethat theconjugated antibody in DAC-EL | SA isdiffer-
ent from the detecting antibody whereas in DAS-ELISA
both coating and conjugated antibodies are the same

showed infections with GFLV and percentage of the
infection were 21 to 37%. Asreported, the highest in-
fected vineyardswerethat of Bovanat in northern Fars.
ELISA has aso been applied asthe only test for
detection of grapevinevirusesby?4. Accordingly, vine
samplesfrom 10 main grapevine cultivation locations
in Iran including 56 different vineyards in Qazvin,
Zanjan, East Azarbaijan and West Azarbaijan (north-
west), Hamedan, Kordestan and Kermanshah (west),
Semnan (east) and Khozestan (south-west) provinces
were sampled and tested. As aresult, thevirusinfec-
tions were detected in 246 of 556 samples (44.2%).
During 2003-2007, we did three independent
surveyswith DAS-ELISA to check presence of GFLV
in the north west of Iran and detected GFLV in 31
out of 13421 21 out of 862! and 33 out of 126123

> Rev/ew

symptomatic samples from vineyards in East- and
West- Azarbaijan and Ardabil provinces. These
studiesuncovered that nearly all sampled areaswere
infected by GFLV. In total, 84 out of 346 (24.3%)
samples from symptomatic vines were infected by
GFLV denoting that GFLV was not the only virus
that causesthe aforementioned symptoms. A survey
for GFLV by the use of ELISA in vineyards of the
North-East Iran reved ed infection with GFLV in 305
out of 3454 (8.8% of samples from 22 vineyards)
randomly collected samples??. The highest inci-
dence (10.9%) wasin vineyards in Bojnurd (90 out
of 305 samples) whereas in vineyards of Kashmar
it was 6.7%.

Later, in a report by, 23 out of 204 (11.3%)
samples from Bavanat, Shiraz, Jahrom and
Maymand from south of Iran, Urmia, Karg and
Naghadeh proved to contain GFLV. In the same
yeart’® 86 out of 300 (28.6%) grapevine samples
from East- and West- Azarbaijan and Ardabil prov-
inces were proved to be ELISA-positive for GFLV.
A further report*” by the use of ELISA revealed that
86 of 330 (26%) randomly collected samples from
the three provinces were infected by GFLV. These
reportsindicated that incidence of the GFLV in the
vineyardswas 8.8 to 26%. In most cases ELISA de-
tected the GFLV isolates, but therewere two infected
samplesthat did not react positively in ELISA while
the virus was detected by RT-PCR in the same
leaved'™. This could be due to inefficiency of the
commercia antibody in the detection of local iso-
lates. Although it is known that GFLV titer in the
grapevines drops during the summer hot season and,
therefore, ELISA is not suggested for the detection

TABLE 1: Total number of samples and % infected by GFLV as determined by ELISA in different studiesin Iran

Total samples ELISA- positive % infected Reference

1018 310 30 [25]
134 31 23 [20]

86 21 24 [27]
126 33 26 [22]
330 89 27 [17]
300 86 29 [18]
882 204° 23 [19]
3454 305 838 [23]

@ Results from ELISA and RT-PCR in this study are merged
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inthisperiod this problem was not accounted for those
two samples which escaped ELISA. Thisraisesthe
possibility that there are GFLV isolates that are not
trapped by theanti- GFLV 1gGsused inthese studies.

Detection by RT-PCR, molecular and phyloge-
netic analyses. In the surveys by ELISA, GFLV was
detected in a small percentage of samples. One rea-
son could be arelatively lower sensitivity of ELISA.
Therefore, RT-PCR has been applied in the research
on GFLV from Iran (TABLE 2). The first report/®
has dealt with amplification of a 320 bp of the virus
genomic region by a couple of previoudly designed
primersfrom representative asymptomatic and symp-
tomatic ELISA-positive samples. In another report!*?
whileexploring GFLV infection from Bermudagrass,
a 480 bp fragment was amplified from the infected
plants by the primers CP 433V and CP 912C. Later
on, we adopted awholerange of optimization proce-
durestoamplify different segmentsof thevirusRNA2
from isolates from the northwest region. The primer
combinationswerethecrucial part of such optimiza-
tions. Reversetranscription was accomplished by the
use of oligo d(T),, or a GFLV-specific primer. Be-
cause of unavailability of sequences of local isolates
the previously reported virus- specific primers were
initially used? that gave a480 bp fragment corre-
sponding to GFLV coat protein (CP) coreregion from

nine samples??. We a so applied another pair of pre-
viously- designed primerg? that resulted in amplifi-
cation of an 810 bp fragment from 11 samples.

PCR productsfrom three GFLV isolatesfrom E.
Azarbaijan (KH7-8, KH9-10 and S2-3) and two
isolates from W. Azarbaijan (O59 and OB) were
cloned and sequenced®!. At the nuclectide (NT)
level, replicate clones of eachindividual GFLV iso-
late were 99% identical. However, sequence vari-
ability between clonesfrom different GFLV isolates
was 5-16% and 2-7% at the NT and amino acid
(AA) levels, respectively. IsolatesKH9-10 and S2—
3 were most closely related (95% nucleotide iden-
tity), followed by isolates O59 and OB (94% NT
identity). These sequences were 84-91% (NT) and
92-96% (A A) identical to GFLV isolates from other
parts of the world. In a phylogenetic analysis, iso-
lates KH9-10 and S2-3 formed a distinct clade, so
did theisolates OB, O59 and KH7-8.

A correlation was conceivable between geo-
graphica origin and thevirus genotype. Accordingly,
059 and OB (W. Azarbaijan), and KH9-10 and S2—
3 (E. Azarbaijan) were most closely related to each
other. However, an exception was isolates KH7-8
and KH9-10 which were from the same town
(Kheljan), but 14% different at the NT level. A long
distance exchange of infected propagation material

TABLE 2 : Primers used in the detection of grapevine fanleaf virus from vineyardsin Iran

Primer pair Sequence(5’ to 3) Size (bp) b Region ©
C primer/ CCAAAGTTGGTTTCCCAAGA 220 cp
V primer ! AACGGATTGACGT GGCTGGT
Primer C CAAGGCAAGTGTGTCCAAA 1500 cp
Primer V23 TGATGCTTATAATCGGATAA
CP433V/ GAACTGGCAAGCTGTCGTAGAAC 480 cp
912Cc 101920 GCTCATGTCTCTCTGACTTTGACC
S2515/ GGAAGAGGCCACTTCTTTCCTTGGG 810 cp
A3300 %1 CCCACCAGCTTCGTGATGGTAACGC
MO/ CACTCTTTGCCGAATTGCC 1489 HP-MP
M4 B2 GT(A/GIT)ATCCACTT(C/T)TCATACTG
M2/ CIT)T(A/G)GATTTTAGGCTCAAT GG g5 MP
M4 B2 GT(A/GIT)ATCCACTT(C/T)TCATACTG
G2/ AGGATTGCCAGGCAAATAGG 1623 or cp
3INC 2 ACAAACAACACACTGTCGCC 1629
GMPF1/ GCGGATGGNCGNACTACYGG 1044 MP
GMPR1™® TCTCAYRGTCGARCTCAAWCKY GG
GFLV-2048/ ACGGATCCGGATTAGCTGGTAGAGGAG 1515 cp

GFLV-3559 '8

GTCAAAGCTTCTAGACTGGGAAACT GG

aW standsfor A/T, M for A/C, K for G/T, R for A/IG, Y for C/T, D for A/G/T, H for A/C/T, V for A/C/G and N for A/C/G/T; ° Size of
product resulting from PCR with therelated primer pair; cCorresponding region on GFLV RNAZ2 flanked by the primer pair; HP:

hypothetical protein; MP: movement protein, CP: coat protein.
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is thought be a possible explanation for displace-
ment of some GFLV variantsamong geographically
isolated populationg®¥.

We have aso exploited the primers designed
by, In one study?!! RT-PCR with the primer pairs
M2/M4 or MO/M4 corresponding to GFLV move-
ment protein (M P) amplified the expected 854- and/
or 1,489-bp fragment(s) from 20 and 7 samples, re-
spectively. Four smaller and three larger PCR prod-
ucts were cloned and sequenced that revealed am-
plification of a 1,489-bp fragment from isolate
La208, and a 1,495-bp fragment from isolates X300
and X400 by MO/M4. The MPregion of theisolates
was 1,044 nucleotides (NT) corresponding to the
GFLV MPrather thanto ArMV with areported MP
of 1,038 NT. An expected 854-bp fragment was am-
plified with M2/M4 from isolates S3-4, S1-4, K11
and KX 12 corresponding to that of GFLV, whereas
an 848-bp fragment has been reported from ArMV
with these primers?. Thisprovided further evidence
that thelranianisolateswere GFLV. Therewere 83—
86% NT and 93-94% deduced AA identities be-
tween the M Ps of the sequenced isol ates. Nucleotide
sequence identities of 81-87 and 75-79% were
found between the MP regions of these isolatesand
that of previoudy published GFLV andArMV straing/
isolates, respectively. Onaconsensus parsimony tree
based onthe NT sequences, isolatesLa208 and X300
remained distinct from previously reported GFLVs.
No correlation could be drawn with respect to the
isolates’ geographical origin and their MP genotypes.
Accordingly, X300 was more similar to La208 than
to X400 although both X300 and X400 shared the
same origin (Tabriz) but La208 was from Lahroud
(300 km away). However, when the analysis was
based on the AA sequences, all three GFLV isolates
from Iran and the previoudly published GFLVswere
in the same subclade. On the other hand, because the
partial MP sequences of the other four Iranian iso-
lates (K11, KX12, S1-4 and S3-4) were more sSimi-
lar to La208 and X300 than to X400, the mgjority of
thecloned Iranian GFLV isolates may bedistinct from
the previoudly characterized GFLV straing isolates.

Inanother study in our lab, by theuse of the primer
combination G2/3’'NC? an expected ~1620 bp DNA
fragment covering full CPregion, except 34 NTs of

> Rev/ew

5’ end, was amplified from all the tested samples.
PCR products from isolates B5, S1 and SH3 were
cloned and the NT sequences of three clones from
each isolate were determined. The sequences
showed that a 1623 bp fragment from isolate S1,
and 1629 bp from B5 and SH3wereamplified which
covered 1481 NTs of the 3’ proximal region of the
CP gene plus 142 or 148 NTs of the 3’UTR. Se-
guences alignment revealed over 99% identities
among clones from each isolate and 83-93% among
clones from different isolates. Identities of 83-94%
werefound between theisolatesfrom Iran and previ-
ously reported GFLV straing/isolates. Phylogenetic
analysis based on CP sequences showed that isolates
S1 and SH3 formed a distinct cluster but isolate B5
clustered with previously reported GFLV strains.

In another study?®! PCR by previously designed
primers®l gave an approximately 1500 bp fragment
corresponding to GFLV CP and subsequent nucle-
otide sequence analysis of five representative iso-
lates showed high identities (98.7-100%) between
them. When compared with the previously reported
sequencesthey found GFLV-USA (AF304014) asthe
closest (83.7-83.9%) to these GFLV isolates.

Recently, sequencesof near full length RNA2 of
four isolates from Iran, i.e. Shir-Amin (East
Azarbaijan), Urmia(West Azarbaijan), Bonab (East
Azarbaijan) and Takestan (Qazvin) (accession num-
bers JQ071374 to JQO71377) were determined!*®.
Accordingly, amplification of the RNA2 was car-
ried out by using 5-NC/M4 and GFLV 2048F/3’'NC
primer pairswhich amplified 2.2 and 1.65 Kbp seg-
ments of the GFLV RNAZ2, respectively, covering
the partial 5'- non coding region, entire 2A"" and
2BMP and the 2C°" with a partial segmentsfrom 3'-
non-coding region*®. Application of one step RT-
PCR with theuse of different RT-PCR kitswere un-
successful, but the use of 2-step RT-PCR procedure,
high quality template RNA, and lower temperature
ramp (2°C/sec) resulted in amplification of 2.2 kbp
of the GFLV RNAZ2 in all ELISA positive samples
(Nouringjhad-Zarghani et al., unpublished data).
RNAZ2s of the Shir-Amin and Urmia isolates was
3730 NT in length and 3749 NT for the Takestan
and Bonab isolates, excluding the poly (A) tail. The
latter isol ates harbored the longest 2AH geneamong
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the reported GFLV isolates which resulted in in-
creasing the length of the RNA2 in these two iso-
lates. The previously reported putative Cys/Alaand
Arg/Gly proteolytic cleavage sites were also found
in these isolates whereby P2 is broken down to
smaller proteins. Identities of 89-97.6% NT were
determined between near full-length RNA2 of the
Iranian isolateswhereas previously 8.3-84.8% iden-
tities were estimated for the other Iranian isolates.
GFLV-F13wasthe closest isolate to the Iranian iso-
lates at the NT level. At the AA level, there were
90.9-97.9% identities among P2 of the Iranian iso-
|ates, whereas 86.3-92.7% between the Iranian iso-
lates and previously reported isolates. The isolate
WAPN173 (Americanisolate) wasthe closest to the
Iranian isolates. When compared with other isolates
of GFLV whose ORF2 sequence is available, iden-
tity levels of 77.5% and 88.3% were found for the
2BMP gene, and at | east 83.6% and 92% for the 2C<P
gene at the NT and AA levels, respectively.

Studies by The Use Of Newly Designed Prim-
ers. New primers were designed after sequences of
local isolates were determined that expectedly en-
hanced efficiency of the PCRs 618, By the primers
GMPF1 and GMPRL1 corresponding to the GFLV
MP, the full length MP gene (1044 bp) was ampli-
fied from 41 of the 86 ELISA-positive samples. Se-
guence analyses of seven PCR products revealed
up to 17 and 8% divergence between the Iran iso-
latesat NT and deduced AA sequence, respectively.
OnaNT-based parsimonioustree, isolatesfrom Iran
stood distinct suggesting independent evolution of
GFLV inthisregion. Very recently, even better results
were achieved by the use of inosine as the waobble
basein these primersinstead of the ambiguous nucle-
otides so that less non specific bandswere amplified
(Nouringlhad-Zarghani et a., unpublished data).

In aseparate study we designed acoupl e of prim-
ers, GFLV-2048 and GFLV-3559 to precisely am-
plify the virusfull CP gene'” and facilitate expres-
sion of the CPfor antibody preparation. An expected
1515 bp fragment was obtained for 16 out of 89 iso-
lates that were infected as shown by DAS-ELISA.
No amplification was achieved from samples from
W. Azarbaijan province although they were ELISA-
positive. CP fragment from eight isolates were

cloned and the NT sequencesdetermined. Alignment
of previously reported GFLV straing isolates and
ArMV-S showed that new isolates were GFLV. Ac-
cordingly, there were over 99% similarities at NT
level within clones from each isolate. Between
clones from different isolates, the lowest NT simi-
larity (92%) was found between KH4-5-3 and S-4-
2-1 or KJ-16-2-3; the highest (98%) between KH4-
5-3and MG-28-1-3. At deduced AA level, thelow-
est similarity (95%) was found between KH4-5-3
and S-4-2-1. Onthe maximum likelihood (ML) par-
simonious trees, based on NT or AA data, GFLV
isolates from Iran formed a distinct cluster except
for apreviously reported isolate from Iran, B5 that
clustered with other isolates when the analysis was
based on NT sequences™™. Interestingly, GFLV sfrom
Iran were the only geographical isolates that form-
ing a distinct cluster although a fraction of GFLV
isolates from some other countries, particularly
France, also stood distinct. There seemed to be a
correlation between the geographical origin and phy-
logenetic positions of the isolates at large scale
(world).

Availability of the sequence data for 2C** and
2BMP genes of Iranian GFLV isolates allowed usto
conduct a study to analyze identity of the targeted
fragments amplified by the use of the reported prim-
ers sequences and then design further new primers
for amplification of different genesonthe RNA 211¢,
Theresults showed that GFLV-CP2-sand G2-3370s
were the most efficient primer pairs for the detec-
tion of GFLV.

Detection with green-grafting method: Thereis
no report of natural resistance against GFLV, but the
level of susceptibility or response of grapevine va-
rieties is different. The quickest and most typical
responses occur on Vitis rupestris. In greenhouse
chip-budding or green- grafting onto V. rupestrismay
be used as an indexing method to detect GFLV. At
22 10 24°C, three to four weeks after grafting chlo-
rotic spots, rings and lines appear on the indexed
plants (Martelli G P, 1993). In our survey occasion-
ally we noticed that GFLV- expressed symptoms
were more severe on Gerey-Dash variety than other
varieties, so we used it asarootstock for the index-
ing by green grafting method as explained by
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Pathirana and McKenzie )2005( and Nourine had-
Zarghani et al. (2012). Symptoms developed on
leaves of the rootstock were similar to those ob-
served on the corresponding scion. On the other
hand, in order to determine whether the grapevine
variety or the virus is playing the most important
roleinthe symptom expression, different grapevine
varieties were graft-inoculated with GFLV result-
ing in fanleaf degeneration, yellow mosaic or vein
banding syndromes. Then, these infected varieties
were used as scionsfor green- grafting onto avirus-
free Iranian Gerey-Dash grapevine variety as the
rootstock. The results uncovered that the type of
symptomswasindependent of the scion varietiesas
the source of virus, but was dependent on the virus
itself. If thescion wasinfected by GFLV, twoto three
weeks after the grafting the same symptoms which
incited on the source mother plant of scion also ap-
peared on the leaves of Gerey-Dash as rootstock!€.
Therefore, this variety can be a candidate for the
quick indexing proposes. It is obvious that the re-
sults should be compared with V. rupestris under
the same environmental condition.

RECOMBINATION

In our study on occurrence of recombinationin
GFLV isolates, sequences of full length MPcDNASs
which were amplified by the use of GMPF1 and
GMPR1 from the virusisolates from the northwest
region of Iran were determined. These sequences
were aligned with counterpart genomic region of
previously reported GFLV sand that of ArMV. When
an alignment of 107 MP sequences was searched
for recombination a total of 12 such events were
detected in 34 recombinants®!. Eight events were
confirmed by significant P-values (<5%), further
phylogenetic analyses and historical characteristics
of the recombinants. Double eventswere evident in
the Iranian isolates Kh29-5, La3-6-1, La3-6-3,
LGR12, SI1B and S 1C. Theeventsin Kh29-5were
overlapping and shared the same parent (X300-
I1C1). Events 1, 5 and 8 each occurred in only one
isolate including LGR12, NP2 or Kh29-5, respec-
tively. We also documented recombination in other
parts of the GFLV RNA 2. First report of recombi-
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nation eventsin 2AH" geneof isolatesfrom Iran was
established®. In parallel, similar recombination
events were reported by Jawhar et al., (2009). It
was shown that the 2AH" gene is the most diverse
region of GFLV RNA2 in the GFLV isolates from
Irani*® due to recombination. Similar events were
also reported in Arabis mosaic virus and it was
shown that the GFLV 2A"P gene could replicate
ArMV RNAZ2inassociationwithArMV replication
complex¥. However, there is no report of recom-
bination in 2C°" gene of the Iranian isolates yet!’>
®I Qverdl, al the Iran isolates appeared to be re-
combinants. That several events were parented by
the indigenous isolates provided further clue as to
the trueness of the detected recombination events
becauseitisquitelikely that isolates coexistingina
given region exchangetheir genomic segments. This
also supported the speculation that GFLV has been
inlran since ancient times.

Population genetic and selection pressure: Re-
cently genetic population parameterswere estimated
for Iranian isolates based on availability of sequence
data for the partial or complete RNA 2 of the Ira
nian isolates®® %1, Based on these reports, the 2AH
gene had the highest estimated genetic variation pa-
rametersof @,,, (0.12989+0.03794) and Pi (0.14139
+ 0.00989) values, denoting its higher nucleotide
diversity in comparison with that of 2C<" (0.06476
+ 0.02357)1%% and 2BMP (0.08566+0.03238) genes
(Nouringjhad-Zarghani et al., unpublished data).
These data also showed that 2C°P gene is the most
conserved gene of the RNAZ2 inthe Iranian Isol ates.
It should be mentioned that the frequency or distri-
bution of the insertion or deletion events was not
uniform in 2AH" gene becausethe coreand 3' region
of the gene was conserve than the 5' region of the
gene®®l. Subsequently, the N-terminus region of the
2A"P protein was shown to have less effect in virus
replication while the core and C-terminus region of
the protein had more effect inthereplication. These
results were obtained by exchanging the identical
region of theArMV-NW isolatewith Shir-Amin and
Bonab isolates of GFLV™, Pi(a)/Pi(s) ratiosfor the
P2, 2AHP 2BMP and 2C°" was less than 1 denoting
purifying selection. Interestingly, for the 5' region of
the 2A"P and 2BMP genes thisration valueswere >1
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in the Iranian isolates of GFLV meaning that these
parts of the genomein Iranian GFLV isolates were
under positive selection and probably these changes
had positive effect in virus replication cycles.

ERADICATION OF GFLV

Thereisonly onereport asto the control of GFLV
in Iran®, Accordingly, 70-90% of the plants (de-
pending on cultivar) that were subjected to thermo-
therapy a 40/30 °C for 7 weeks became free of GFLV
although they displayed some damage. The heat
therapy combined with meristem culture was sug-
gested to eradicate GFLV from infected plants by
100 %. There have been no significant differences
between the two studied cultivars when thermo-
therapy and meristem culture were in combination.
Nevertheless, as the data on molecular characteris-
ticsof GFLV from Iran isaccumulating it is antici-
pated that the novel control strategiesbased on RNA
silencing may be employed.

CONCLUSIONAND FUTURE DIRECTION

There has been an explosive expansion of stud-
ieson GFLV inlranin the past decade. The mgjority
of such studies have focused on detection of the vi-
rusthat is aprior step towards control of the virus.
ELISA has been used as a primary screening proce-
duretoidentify theinfected samplesbefore submit-
ting them to molecular analysis. PCR has been ex-
ploited in several studiesinitially by the use of pre-
viously designed primers, but there are also more
recent works with the use of new primers based on
sequences of local isolates. Phylogenetic studies
revealed the distinct positions of the Iran isolates
no matter what part of the virusgenomeisset asthe
basisfor the analysis. This gives support to the hy-
pothesisthat thevirusorigin hasbeenin Iran.

These studies al so suggest that in most vineyards
GFLV has spread through propagation material al-
though in the northeastern vineyards the vectoring
nematode has been reported in the transmission.

Only one research has dealt with eradication of
the viruswhich suggeststhermotherapy and meristem
tip culture asthe efficient treatment method.

Sanitation schemesarevital for the productivity
of Iranian grapevine cultivars. There are avast va
rieties of grapevine cultivated in the country; how-
ever, it is possible that because of vulnerability to
GFLV some of these valuable varieties are getting
extinct from the cultivations. To save such cultivars
and , also, to control GFLV and prevent it from fur-
ther dissemination the only practical method would
be establishment of sanitation schemesin vineyards
under supervision of local departments of agricul-
ture. To achieve the sanitation, works should bedone
to facilitate robustness of the detection tools espe-
cialy ELISA and PCR for regular screening in the
vineyards. To that end, preparation of anti-GFLV
antibodies prepared against recombinant CP seems
to be very useful.

It is also worth suggesting implementation of
novel strategies, based on RNA silencing, against
GFLV inlran. Recently, genetic manipulation by the
use of hairpin constructs has provided promising
result to protect grapevine against the disease.

ABBREVIATION

GFLV: Grapevine fanleaf virus, DAS-ELISA:
double antibody sandwich enzyme-linked
immunosorbent assay, DAC-ELISA: direct antigen
coated ELISA, RT-PCR: reverse transcription poly-
merase chain reaction, CP; coat protein, NT: nucle-
otide, AA: amino acid
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