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Abstract

Genetic analyses of grapevine fanleaf virus (GFLV) was done on the basis of the coat protein gene sequences from 11
isolates detected in 3 tunisian grapevine growing regions:Grombalia, Rafraf andTakelsa and amplified with a newly
designed primer pairGT 1076/GT 1826.The amplified region of 2° gene(750pb) wascaracterised by RT-PCR. After
sequencing, alignement shows a variability within the obtained isolatesranged from 8.1 % to 15.4 % at the nucleotide

2CP

level . Based on the result of genetic divergence of 312 pb long part of the gene, the level of variation found in

this study suggests that this rate of diversity is common for each gene of the coat protein.
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1. Introduction

Grapevine fanleaf virus (GFLV),aNepovirusof the
Secoviridaefamily (Sanfagonet al., 2009), is one of the
oldest viral diseases of grapevines (Martelli, 1986) . It
is transmitted by the ectoparasitic root nematode
Xiphinema index(Esmenjauder al., 1993)andthrough
vegetative propagation and grafting (Zhouet al., 2015).
The genome of GFLV is composed of two positive
sense single-stranded RNA molecules each coding for
a polyprotein and containing one open reading frame
(ORF)(Pincket al., 1988). The size of RNA1 is 7.342
nucleotides and RNA,varies between 3.774 and 3.806
nt. The polyprotein encoded by RNA (P1)is processed
into 5 proteins including a putative proteinase cofactor,
a putative helicase5 (1B™).a virus genome linked
protein  (1CYF9), cysteine proteinase(1D™™) anda
putative RNA-dependent RNA polymerase (1E")(1).
RNA, encoded protein P2 contains 3 proteins including
homing protein(ZAHP), movement protein (2BM?) and
coat protein(2C")(Andret-Linket al., 2004).GFLV is a
devastating viral disease it has been reported in several
countries all over the world with 96%, 71%, 50%,24%
of infection respectively in Spain (Bertoliniet al.,
2010),Tunisia(Mrabetetr al., 2015), Switzerland
(Reynard and Guergli, 2012) and Chile (Poljuaet al.,
2010). In order to develop suitable strategies for
controlling this virus, it is important to understand its
genetic  diversity and way of transmission.
Severalstudies have assessed various molecular
variants of GFLV in France (Vigneer al., 2004a),USA
(Mekuriaet al., 2009), Africa (Liebenberger al., 2009),
Iran(Bashir and Hajizadeh,2007) and Tunisia (Fattouch
et al, 2005).These studies focused mainly on
2C(coat protein) geneswhichare characterized by a
strong genetic stability.In Tunisia genomic variability
have been examined in several studies in the north
by(Boulila, 2007; Fattouch et al., 2005; Mrabet et al.,
2015)where a divergence of 11%,14% and 15% was
observed. The objective of this study was to deepen our
knowledge of the genetic variability of the partial
nucleotide sequence of the2” gene of GFLV in
Tunisia,using new designed primers

2. Materials and Methods
2-1 Plant material

Thirty hundred samples were collected from major
grapevine growing Tunisian regions;Grombalia,
Mornag, Rafraf and Takelsa. Samples of phloem were
collectedin January outside of the vegetative period and
samples of leaves were collected in May during the
vegetative period on two cultivars: Carignon and
Muscat. All samples were placed in plastic bags and
stored at +4°C for later use.
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2-5 Double-Antibody Sandwich (Das-ELISA)

All samples were tested by Das-ELISA for the
presence of GFLV. Leaves and cambial scarping of
collected grapevine samples were ground in Bioreba
bags in an extraction buffer prepared according to the
Biorebaprotocol. Das-ELISA was carried using 1:1000
dilution of polyclonal antiserum anti-GFLV IGg.
Absorbance was recorded at 405 nm using an
automatic microplate reader (Multisacan Ascent,
Labsystems USA). The threshold for detection was set
to twice the average absorbance of the replications of
healthy controls.

2-2 Extraction of total nucleic acid

Total nucleic acid from Das-ELISA positive samples
was extracted based on silica-capture method
(Foissacet al., 2001). For this purpose,0.5 g of each
sample was grinded with buffer (4.0 M guanidine
thiocyanate, 0.2 M NaOAc, 2.5% PVP (40), 25 mM
EDTA, 1.0 KOACc,0.2% Bisulfite de sodium). Extracts
were transferred into new tubes involving 100ml of
10% Sodium lauryl sarcosyl solution. After
homogenization, samples were incubatedat 70°C for 10
min and then in ice for 5 min. Each tube was
centrifuged at 13000rpm for 10 min.300 pl of the
supernatant are transferred to new eppendorfs
containing 150ul of ethanol,300 pl of Sodium Iodide
and 40%pl of Silica. The mixture was incubated on
shaker for 30 min at room temperature. After
centrifugation at 6000 rpm for 20 secs, supernatant was
discarded. In order to wash silica particules,500 pl of
washing buffer was added to each tube.120ul of free
sterile water was next added to tubes which
centrifuged at 13000 rpm for 10 min. The supernatant
was finally transferred to new tubes and kept at -20°C.

2-3 cDNA synthesis

10 ul of TNA extractswere mixed with 1 pl random
hexamer primer.8 to 10 pl of TNA extract were mixed
with 0.5 pl random hexamers primer (Boehringer
Mannheim, GbmH) (3 pg/pl) and 1.5pl of sterile water,
denatured at 95°C for 5 min and kept in ice for 5 min.
Reverse transcription was carried / performed for 1h at
39°in 1ul M-MLYV, 4ul buffer 5x (50mM tris- HClph
8.3, 75SmM KCI , 3mM MgCl,), 2ul mM DTT and 1
mMdNTPs.

2-4 PCR

The amplification of partial region of the PC of GFLV
was performed using a pair of universal primers
(Tablel) designated by MacKenzieet al., 1997. The
PCR reaction had the following mixture: 2.5 pl of
cDNAtemplate, 2.5 ul of buffer 10x (Bioron), a final
concentration of 1.5 mM MgCl,, 0.5 uldNTPs (10 pM),
0.5 pl of each direction and antisense primer (10 pM)
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and 0.25 pl of Taq polymerase (2.5 U). Amplification
was performed in total volume of 25ul. The PCR
program of amplification was used in a 36-well Rotor-
Gene QIAGEN 5-Plex as follows: 94°C for 5 min
followed by 35 cycles of 94°C for 30s, 55°C for 45s,
72°C for 1min.the final step is 72°C for 7 min.

Tablel. List of primers used to amplify GFLV

Primer Sequence Position Lengh

FLC3310  5-GATGGTAACGCTCCCGCTGCTCTT-3*  3286-3310  312pb

FLH2999  5’-TCGGGTGAGACTGC GCAACTTCCTA-3*  2999-3024

2-5 Primer design

Another pair of primers was designed in this study in
order to amplify another part more larger of the PC
region (750 bp) to study the genetic diversity of
GFLV First, global alignment using the software
Geneious version 3.6.2 (http://www.geneious.com)
(Kearseer al.,2012) was performed on partial CDS
nucleic sequences of coat protein from several isolates
of Grapevine fanleaf virus from Brazil,Chile,France,
Iran and Italy retrieved from GenBank (Table 2) .Focus
was made on highly conserved regions to pick out
manually some primers which might amplify a larger
region of the CP. Finally, a primer pair that should
amplify specifically 750 bp sequence was selected
(Table 3) regarding the assessment of the secondary
structures made through the software
Netprimer(http://www.premierbiosoft.com/netprimer/).
Annealingtemperatures were also predicted using
Netprimer.

2-6 PCR

The PCR mixture consists of Sul of each cDNA
template amplified in a reaction volume of 25ul
containing 2.5ul of buffer 10x (Bioron), a final
concentration of 1.5 mM MgCl,, 0.5 pldNTPs (10 uM),
0.5 pl of each direction and antisense primer (10 pM)
and 0.25 pl of Taq polymerase (2.5 U).

The PCR cycle conditions were: 94°C for 4 min, then
35 cycles of 94°C for 30s,57°C for 45s and 72°C for 1
min, followed by a final extension step at 72°C for 7
min. Then, PCR products were run onl.2% agarose in
0.5*TAE buffer containing 2l ethidium bromide.

2-7 Sequencing of PCR products

PCR products showing asingle band at the expected
size, on agarose gel were sent to Macrogen, Inc.
(Amsterdam, Netherlands) to be purified
andsequenced.
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2-8 Phylogenetic analyses

An alignment of 11 sequences of newly and previously
reported isolates was made using ClustalWand
implemented into Bioedit software.Nucleotides
sequences identity levels were calculated using the
same software.Phylogenetic tree was constructed using
NJPLOT 2.3 (Perriere and Gouy, 1996).

Table 2 .List of isolates used to design primers

Accession Isolate Host Origin
EU258681 IAC 106-8 greffé sur cv.IAC766 Brasil
EU258680 RUP IAC greffé sur Rupestris du lot Brasil
EU038294 RS V.vinifera/Prosecco Tondo Brasil
DQ526452 Ch-80 V.vinifera/Cabernet Sauvignon Chile
AY371008 B19%b V.vinifera/Chardonnay France
AY370941 A2b V.vinifera/Chardonnay France
AY371027 34d V.vinifera/Chardonnay France
AY370998 B10a V.vinifera/Chardonnay France
AY370975 A30f V.vinifera/Chardonnay France
AY370942 AS5a V.vinifera/Chardonnay France
KJ913810 HS5 Unpublished Iran
FI513376 KH-11-10-1 Unpublished Iran
DQ362926 SG16 V.vinifera/Sangiovese Italy
DQ362933 LS2 Grasparossa Italy
DQ362927 MS43 V.rupestris/ St. George/Moscato Ttaly
DQ362928 NE166 V.rupestris/St. George/Nebbiolo Italy

Table 3.Newly designed primer used in this study

Primer Squence Location Size
GT 1076 5-CCAAGGATTGCCAGGCA-Y 1076-1092  750pb
GT 1826 §’-TCCATAGTGGTCCCGTTCC-3’ 1806-1826

3- Results

3-1 Serological results

The presence of GFLV and ArMVwas confirmed by
Das-ELISA in 31% of samples from three vineyards
located in two cultivars: Carignon and Muscat
d’Alexandrie. Results show that not all the
symptomatic cultivars were positive for ELISA.
Symptoms observed on the ELISA negative samples
can be attributed to other grapevine viruses.
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3-2 RT-PCR results 3-3 Genetic variability among GFLYV isolates

11 local isolates obtained from three vineyards were
selected for sequencing (Table4). Isolates were
identified with”’G”,” R” and “T” correspond to the
vineyard region: Grombalia, Rafraf and Takelsa
respectively.

65 samples of leaves and phloems were selected for
nucleic acid extraction were tested for the presence of
GFLV using FL C3310 / FL H2999 pair. Analysis by
agarose gel electrophoresis of the PCR products
(Figure 1) revealed the presence of the expected band
in a total of 20 samples, which corresponds to 30.77% Table 4. The results of detection of isolates from different
of the total samples. regions in Tunisia. a= amplidication of 312pb; b=
amplification of 750pb; D= Deformation with acute
Gl G19 G26 T125 T126 T132 T138T- T+ dentations, LY= Leaf Yellowing, SI= Short internodes, Fasc=

Fasciations, DN= Double nods, Fl= Shoot flattening

Isolate Cultivar RT- RT- Das- Das- Symptom

PCR* PCR" ELISA® ELISA’

Gl Carignon + + + N D
G19 Carignon + + + - LY
G26 Carignon + + + - LY
G28 Carignon + + + - D
Figure 1.Agarose gel analysis of RT-PCR amplified R7I Muscat d’Al - + - - SHLY
products from some GFLV partial coat protein o5 Carienon . . ] ] Dt Fase
(312pb)(M: 100pb DNA Ladder (Bioron); G1, G19 and ¢ ‘
G26: positive samples from Grombalia T126 Carignon * * - - SHLY
;T125,T126,T132 and T138: positive samples from T132 Carignon + + + - App
Takelsa; T-: negative control; T+: positive control) 138 Carignon . . ) ) —
T152 Carignon + + - - FI+D+SI
After annealing temperature using the new primers in T160 Carignon + *+ - - FI+SI
the PCR, 57°C was the optimal for amplification. As
well as the first pair of primer, we obtained 20
amplicon at the attended size (Figure 2) among them
had not been amplified with the first pair of primers Nucleotide sequences obtained ranged from 644 to 749
showed high intensity bands at a size of 750 bp nucleotides. These sequences were aligned with

ClusalW implemented into BioEdit 7.2.5 covering an
area of 645pb (Figure3).

M G1 G19 G226 G28 R71 TI25 TI126 TI132 TI138 TIS52

dl BB RN TR

Figure2.Agarose gel analysis of RT-PCR amplified
products from some GFLV partial coat protein (750pb)
(M: 100pb DNA Ladder (Bioron); G1, G19, G26 and
G28: positive samples from Grombalia ; R71: positif
sample from Rafraf ;T125,T126,T132 T138 and T152:
positive samples from Takelsa; T-: negative control;
T+: positive control)
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Faooibesnslunasleunaloesahsnesbosselensslosaslosslosssleseslosaelesealonssloseslosilasssl
61 GATACTTGGOCACCCTGAACATACGTGACATGATCTCAGATTTTAAGGETGTTCAGTATGAAAAATGEATAACGECGEGTTTAGTCATGCCAAACTTCAA 100
619 TACTT CCCTGAA TGATTTCAGATTTTAAGGGTGTTCAGT \GTGGATAACTGCAGGACTAGTCATGCCTACTTTCAA 100
a6 oo TN A 100
G28 GATACTT TCAGATTTTAA TGGATAACTGCGGGTT AATCTTTAA 100
R71  GATACTTGGGCACCTT TTTANGGGTGTTCAGTAT TGCAGGATT TACTTTTAA 100
TIZS G . . 7 A 100
T126 Aa 100
132 GGTATTTGGGCACCCTGAAL TGATTTCTGATTTCAAGGETGTCCAGTAT FAACTGCAGGACTAGTCATGCCTA. TTTCAA 99
TI38  GATACTT \CCCTGAAT TGATCTCAGATTTTAAGGGTGTCCAGTACGAAAAGTGEATAACTGCAGGATTGGTCATGCCTACTTTTAA 100
TIDZ GATACTTGGACAC AL 100
TLED  GATACTT TICAGNTTTT TGCAGGATT TTTCAA 100

Lo Tens i ben i leees e e "
61 AGTTGTCOTTAGGCTACCTGCCAATGECTTCACT mm/\(mcﬁm\m(mﬁu\mmtiLLu\m/\lLGt‘m/v\&\AG\A&M\L/\UAU/\G\L 188

G19  GATAGTTGTTAGGCTACCTGCAAATGECTTTAGT ATAGGATAACTAGTAGA 198
a6
G20 AGTAGTTATTAGGCTACCTGCAAATGCCTTTACT -~ GGACTAACATGGGTTATGAGTTTTGATGCTTAT TAGTAGAATCACTACTAGCG 188
R71  GGTAGTTGTTAGGTTACCTGCAAATGCTTTTACT ~ GGATTG TTTGATGCT TAGTAGAATTACTGCTAGTG 198
Ti2n “TGCTAGTG 196
TI26  GATAGTTATTAGGCTACCTGCAAATGCCT TTIGATGOT FAACTAGTAGAATTACTGCTAGTG 200
T132 GOACTGACATGOGTGATGAGTTTTGACGCCTACAATCGEATAACTAGTAGAATTACTACTAGTG 196
TI38  GATAGTTGTTAGGTTACCAGCAAATGCCTTTAGA
T102
TL6O  GATTGTCATCAGGCTACCTGCAAATGCCTTCACT -~ GGGT] TTTGATGCTTAT TAGTAGAATTACTGCTAGTG 198
R T RN E EE R CR LR L S TRy EC Ry S e eI R e CE Ty AR EE R R PY LSRR
61 CCAATCCTGTATATACCCTGTCTGT TTGGCTTATCCACCATAAGTTGOGTACGTTTTCT TAGACTATGGAGRATTGTGTGGACATGE 298
@19 ca1 GAG 208
G268 298
G20 TGTCTGTCCCTCATTGGCTT (ITAGGCACGTTT 298
R71  CAGATCCTGTATATACTCTGTCAAT TTGGCTT FTTGGGCACGTTT, TTATGGAGAAT 298
Ti2n 298
TI26  CTGATCCTGTGTACACCCTGTCAGTTCCCCACTGECTTATCCATCATAAGTTGOGCACGTTTT TACGGAGAATTGTGT 16¢ 300
TI32  CAGATCCTATATATACCCTTTCAGT TTGGCTTATCCACCATAMGCTGGGCACGTTTT TAT TTGTGTGETCATGE 296
T138 o 208
T182 298
T160 g TGGCTTATTCACCATANGTTGGGCACGTTTT g 298
G MTGMWMANCA(GACAW‘GAGKNCN\C&(TA TTTTACGTGCCTAACTGGTAATAACAAAGAGCT GACTGGCAAGETGTTGTC 398
@ o1 CARC. T 398
B30 AP OaTICARATCOACEACAT T BT T COABTTBEACTT CGEGCAACARCARAL GGEAAGETGTCGTG 388
28 TG TEGT T TAAATCCACGACAT TGN TCCAAGGCTACA T TTACTTGCCT TACTGGTATARTANA TGGCAAGCTGTTGTT 398
®71 5T \CAACAAAGAD GTCGTG 398
Ti2n 2w AAT, 3%
TI26  CATGTGETTTAATCCACAACATTTGAATCTCCAAGETTGCACTTCACATGCTTAACGEECAACAACAAAGAGTTGGCGECAGACTOOCAAGETGTCGTG 400
7132 A TGTGG T AT CGA AT T TGANTOGCCAAGOCTACAT AN TG TGACGUCCACANGANGAGTT GACTGGCAAGETGTCGTC 396
T138 CART) 398
B PO TP AT A AN AT AT AT AT I AN T ACOSOEAAC A AANIAT T ASCTOCABCTOGCANCTATATT 398
TL60  TATGTGGTTTAAGTCCACAACGTTTGANTCTCCAAGETTGCATTTTACGTGTT \CAACAAC TGGCAAGCTGTCGTT 398
Gl GAGTTATATGCAGAACTGGAAGAAGCCA A ACTT 498
@ TCCARTTTTTAACTT 458
G26  GAACTATATGCTGANTTGGAAGAGGCTACCTCTTTCCTCGGG! TTTGGTTTT TITTANTGGAAMTTCCANTTTCTGACTT 488
628 GAGCTT TTCT TTT TTT TTCCAGTTTTTAACTT 498
e GAATTS 7 a98
Ti2n
T128  CANCTATATOCTGANTTOORAGAGOOCACATCCTTICTT \CCAACTTTGGTTTTT
TI32  GAACTATATGCTGAATTG TTCTTTCC
T138 FGART:
TI82  GAACTGTATGCTGANTTGG! TCTTTTCTT TCTGGTTTT TTTCACTGGTAMNTTCCANTTTITGACTT 498
TL60  GAACTATATGCTGAATTG TTCTTTTCT TTTGGTTTT TTTTAATGGTARATTTCAATTCTTGACTT 498
a1 2 CTTTON CTTAG GAG S y ACCAAGGTTTAT 596
619 ACTAAGGTTTAC 536
626 GOCCOCCCATATTCTTTGATCTAACAGCCGTCACGOCTCTTAG GAGTGCTGOACTAACACTGRGACAGETACCAATGGTAGGTACT ACTAAGGTTTAT 596
G28 TCCCATATTCTTTGA TCTTAG AAGTGCTGGGCTAACGT TGGTT
R71 ARG TAAGGTATAT 598
T128 TCCCATATTCTTTGATCT TCTTAA- GAGTGCTGGGCTGACGTT PO IGACACETACCARGGTTIAC 857
T126 TCCCATATTCTTTGACTT, TCTTAG GAGTGCTGGGCTGACAT T
T132 r oG 595

TITGATCT A
TI82  GOCCTCCCATATTCTTTGATCTAACAGCCGTTACGOCTCTTAA GAGCGCTGOOCTGACATTGRGACAAGTTCCAATGGTTGGCACE ACCAAAGTTTAT 596

Figure3.Multiple alignment analysis of obtained partial
sequences of 2C" GFLV

Despite the similarity observed among the isolates, the
alignment show differences along the nucleotide
sequence. Pairwise analysis was applied. All sequences
provided 84.6% to 91.9% of identity (Table 5).

Table 5.Nucleotide sequence comparison between 2Cgene
of GFLV isolates

i1 GI9 G266 G28 R71  TI25 TI26 TI132 TI38 TIS2 TIL60

D 8620 84,60 90,60 84,60 8870 87,00 8580 8570 8560 87,60
D 940 8680 89,60 8980 91,90 90,00 89,50 90,70 90,70

ID 8500 8890 87,00 90,10 8950 8820 8840 89,30

ID 8,40 8870 8720 8590 87,30 87,50 86,70

ID 8860 8950 89,00 8950 8920 89,30

D 89,40 87,50 89,00 88,90 90,80

D 9030 89,00 9090 9140

ID 8780 90,00 91,20

D 9040 8930

D 91,50

Samples wich are positive for PCR and are negative for
test ELISA reflects the high detection accuracy of
PCR. Positive symptomatic samples of Das-ELISA
with no amplification in RT-PCR can be explained by a
low titer of GFLV in these samples to be detected by
serological test. Pairwise analysis of GFLV isolates
was conducted. It shows that the highest percent
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identity 91.9 % was observed between isolates from
Takelsa (T126) and Grombalia (G19), followed by
89.6% between isolates from Grombalia (G19) and
Rafraf (R71) and 89.3% between isolates form Takelsa
(T160) and Rafraf (R71). Intra-regional analyses shows
that within the region of Grombalia, the level of
identity range from 90.4% between isolates G1 and
G26 and 84.6 % between isolates G1 and G28. In
Takelsa, T126 and T138 shows a level of identity of 89
%. However, T152 and T160 represent 92.5%.

3-4 Phylogenetic analyses

In order to understand the relationship between the
Tunisianand theother GFLV isolates available at the
GenBank (Table 6), a phylogenetic tree was
established (Figure 4).

Table 6. List of GFLV isolates analyzed in this study

Origin Accession Isolates References
EU258681 1AC
Brazil EU258680 RUP Unpublished
EU038294 RS
DQ526452 Ch-80
Chile KC256954 Ch_FL1100 Unpublished
KC256966 Ch_FL81
AY370941 A2b Vigne et al., 2004a
AY370942 AS5a Vigne et al., 2004a
France AY370975 A30f Vigne et al., 2004a
AY371027 34d Vigne et al., 2004a
AY370998 Bl0a Vigne et al., 2004a
X16907.1 F13 Serghini et al., 1990
AY997695 B5-7 Sokhandan Bashir ez al., 2007
Iran KJ913810 H5 Not published
FI513376 KH-11-10-1 Not published
AY997697 Sh3-6 Sokhandan Bashir et al., 2007
Ttaly DQ362933 LS2
DQ362926 5G16 Not published
DQ362927 MsS43
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Figured4. Phylogenetic tree of GFLV isolates

The phylogenetic tree was generated using 31 CP
sequences whose 20 were published in theGenBank
(Table 6). As shown, isolates are divided in three main
clusters. The first one regroup 6 Tunisian isolates
(G19,G26,T126,T152,TT132,T160 and R71) wich are
interspersed  with  twoFrench isolates (GFLV-
F13andB10a) and two Italian isolates (SG16 and LS2).
The second cluster contains 1 tunisian isolate T132 and
Brazilian isolates (IAC, RUP and RS), Chilean isolate
(CH-80) and French isolate (34d). The third one shows
Tunisian isolates T125, G1 and G28 closely related to
French isolates (A5a,A2b,A30f and B19b).

4- Discussion

GFLV was not detected in all symptomatic leaf
samples, which can be explained by the low titer of the
virus to be detected by Das-ELISA or may indicate that
observed symptoms might be due to infection with
others viruses.

A previous study analyzed 5 GFLV isolates in northern
Tunisia by RT-PCR and partial sequencing of 312 pb
long part of the CP gene using the specific primers FL
C3310/ FL H2999 revealed a genetic variability ranged
from 8% to 15.9% (Mrabetet al., 2015). In order to
investigate the genetic variation of GFLV in
tunisiangrapevines , this study provides an RT-PCR
assay using new specific primers designed to amplify a
750 pb region . Analyses of 11 CP sequences data
reaveled genetic diversity ranged from 8.1% to 15.4% .
Sequences comparisons showed that the primers
generated in this study give the same rate of
diversification comparing with the first couple of
primers but they successfully increased the
performance of the RT-PCR giving fragments showing
high intensitieswith variable peaks in the graph .
Although they indicate that within the same region,
high nucleotide level of homology as well as high level
of divergence can be observed. Therefore, no
correlation between the level of divergence and
geographic origin can be established.This result
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confirmed that the arrangement of these isolates is not
correlated with their geographic origin.

The phylogenetic analysis showed an evolutionary
relationship between Tunisian isolates and another
previousely sequenced from different countries
especially with france (F13) which can suppose that the
origin of the viral infection in Tunisian vigneyads is the
importation of plant material especially during the
colonical period (Fattoucher al., 2005).

Based on other studies all over the world wich revealed
an average of genetic diversity of approximatively 11%
: Tunisia (Fattouchet al., 2005), Iran (Naraghi-Araniet
al., 2001) and France (Vigneer al., 2004b), this level is
a common sight in RNA viruses (Garcia-Arenalet al.,
2001) and the result of that GFLV as an RNA virus has
no proofreading mechanism. Therefore, its replication
is error prone and each isolate consists of a population
of genetically related variants called "quasi-species”
(Garcia-Arenaler al., 2001). This notion has been
adapted to describe the evolution of viral populations.
Generally, a viral population is subjected to
fluctuations in time and space by mutation or
recombination phenomenonwich is and evolutionary
forces that intervene such as selection that favors the
most suitable variants in an environment that promotes
their fitness.

Data presented in this study provides new information
about the genetic variability of Tunisian isolates which
may help to improve new measures of control the
sanitary status of planting material but a correlation
between the genomic variation of viral sequences and
the mechanism of their evolution must be established.

References

- Andret-Link P.C., L.Laporte, C. Valat, G.
Ritzenthaler, E. Demangeat, E.Vigne, V. Laval, P.
Pfeiffer, C. Stussi-Garaud andM. Fuchs, 2004.
Grapevine fanleaf virus: Still a major threat to the
grapevine industry. Journal of Plant Pathology86,
183-195.

- Behlau F., J. BelasquelJr, J.H. Graham and R.P.
LeiteJr, 2010.Effectof frequency of copper application
on control of citruscanker and the yield of young
bearing sweet orange trees.Crop Protection 29, 300-
305.

- Bashir N. and M. Hajizadeh, 2007. Survey for fanleaf
virus in vineyards of north-west Iran and genetic
diversity of isolates. Plant Pathology 36,46-52.

- Bertolini E.,J. Garci’a, A. Yuste and A. Olmos, 2010.
High prevalence of viruses in table grape from Spain
detected by real-time RT-PCR.EuropeanJournal of
Plant Pathology128,283-287.



62

- Boulila M., 2007. Phylogeny and genetic
recombination  of  Grapevine  fanleaf  virus.
Phytopathological Mediterranea 46,285-294.

- Esmenjaud D., B. Walter, J.C. Minot, R. Voison
andP. Cornuet,1993.Biotin-Avidin ELISA detection of
grapevine fanleaf virus in the vector nematode
Xiphinema index. Journal of Nematology 25, 401-405

- Fattouch S., H. Acheche, S. M’hirsi, L. Mellouli,S.
Bejar, M. Marrakchi and M. Marzouki,2005. Detection
and caracterization of two strains of Grapevine fanleaf
virus in Tunisia. Bulletin OEPP35. 265-270.

- Foissac X., L. Svanella-Dumas, M.J. Dulucq and P. -
Gentit, 2001. Polyvalent detection of fruit tree Tricho,
Capillo and Foveaviruses by nested RT-PCR using
degenerated and inosine containing primers (DOP RT-
PCR). Acta Horticulturae 550, 37-43.

- Garcia-Arenal F., A. Fraile and J. Malpica, 2001.
Variability and genetic structure of plant virus
populations. Annual Review of Phytopathology39,157-
186.

- Kearse M., R. Moir, A. Wilson, S. Stones-Havas, M.
Cheung, S. Sturrock, S. Buxton,A. Cooper, S.
Markowitz, C. Duran, T. Thierer, B.Ashton, P.
Meintjes and A. Drummond, 2012. Geneious Basic: an
integrated and extendable desktop software platform
for the organization and analysis of sequence data.
Bioinformatics28,1647-1649.

- Burger, 2009. Genetic variability within the coat
protein gene of Grapevine fanleaf virus isolates from
South Africa and the evaluation of RT-PCR, DAS-
ELISA and ImmunoStrips as virus diagnostic assays.
Virus Research142,28-35.

- Martelli G.P., 1985. Viruses and virus like diseases of
grapevine in Tunisia. FAO Report to the Government
of Tunisia.

- Martelli G.P. (1986): Virus and virus-like disease of
the grapevine in the Mediterranean area. FAO Plant
Protection Bulletin34, 25-42

- Mekuria T., L. Gutha, R. Martin and R. Rayapathi,
2009. Genome diversity and intra- and interspecies
recombination events in Grapevine fanleaf virus.
Phytopathology99,1394-1402.

- Mrabet B. A. Mougou and S.Kallel, 2015. Interaction
plante-virus-vecteur Cas du court-noué de la vigne en
Tunisie. Cahiers Agricultures24,292-300

- Naraghi-Arani P., S. Daubert and A. Rowhani, 2001.
Quasispecies nature of the genome of Grapevine
Fanleaf Virus. Journal of General Virology82,1791-
1795.

Journal of Research in Biological Sciences

- Perriere G. and M.Gouy, 1996. WWW-Query: An on-
line retrieval system for biological sequence banks.
Biochimie 78, 364-3609.

- Poljua D., B. Sladonja and M. Bubola, 2010.
Incidence of viruses infecting grapevine varieties in
Istria (Croatia). Journal of the Science of Food and
Agriculture 8,166-169.

- Pinck L., M. Fuchs, M. Pinck, M. Ravelonandroi and
B.Walter, 1988. A Satellite RNA in Grapevine Fanleaf
Virus Strain F13. Journal ofGeneral Virology 69, 233-
239

- Reynard J. and P.Gugerli, 2012. Current status of
major grapevine viruses in La Cote vineyards of
Switzerland. Proceedings of the 17th Congress of
ICVG Congress282, 74-75

- Sanfacon H., J.Wellink, O. Le Gall, O., A. Karasev,
R. Vlugt van der and T. Wetzel,2009. Secoviridae: a
proposed family of plant viruses within the order
Picornavirales that combines the families Sequiviridae
and Comoviridae, the unassigned genera Cheravirus
and Sadwavirus, and the proposed genus Torradovirus.
Archives of Virology154, 899-907

- Serghini M. A., M. Fuchs, M. Pinck, J. Reinbolt, B.
Walter and L. Pinck, 1990. RNA, of grapevine fanleaf
virus: sequence analysis and coat protein cistron
location. Journal of General Virology71,1433-1441.

- Sokhandan Bashir N., S. Nourinejad Zarghani and M.
Saeid Hejazi, 2007. Diversity of Grapevine fanleaf
virus isolates from Iran. Virus Research128,144-148.

- Komar and M. Fuchs 2004a. Field safety assessment
of recombination in transgenic grapevines expressing
the coat protein gene of Grapevine fanleaf virus.
TranslationalResearch13, 165-179.

- Vigne E., M.S.G. Bergdoll and M. Fuchs, 2004b.
Population structure and genetic diversity within
Grapevine fanleaf virus isolates from a naturally
infected vineyards: Evidence for mixed infection and
recombinations. Journal of General Virology 85, 2435-
2445.

-Zhou J., X. Fan, Y. Dong, Z. P.Zhang, F. Ren and G.
Hu, 2015 Detection and genetic variation analysis of
grapevine fanleaf virus (GFLV) isolates in China.
Archives of Virology160, 2661-2667.



