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Summary. A field survey was conducted in Tunisia in the North-Eastern regions (Bizerte, CapBon and Zaghouan),
the North-Western region (Kef) and the Central-Eastern region (Kairouan) during the 2011/2012 growing season,
in order to determine the incidence and the geographic distribution of Barley yellow dwarf virus (BYDVs) in barley
fields. Tissue blot immunoassays (TBIA) showed that BYDV was most common in Zaghouan (incidence 14%),
Cap Bon (14%) and Bizerte (35%), in randomly collected samples from these three locations.Among the different
BYDVs identified, BYDV-PAV (64%) was the most common followed by BYDV-MAV (16%) and CYDV-RPV (3%).
The coat protein gene sequences of six isolates collected from different regions shared >98% pairwise similarity. In
comparisons with other BYDV sequences from around the world, the Tunisian sequences shared greatest homol-
ogy with isolates 109 and ASL1 from the United States of America and Germany (=97%), and <90% with all other

isolate sequences available in public databases.
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Introduction

Barley is an important and widely cultivated field
crop in Tunisia, covering an average area of 500,000
to 600,000 ha, mainly distributed in semi-arid and
arid parts of the country. Barley grain is one of the
main sources for human or animal food. Agronomic
potential of the cultivated barley genotypes fluctu-
ates among crop seasons due to abiotic or biotic con-
straints, and in particular virus diseases are known
to reduce the yield potential of most barley cultivars.
Barley yellow dwarf (BYD) is one of the most eco-
nomically important diseases of cereals worldwide
(D’Arcy, 1995; Svanella-Dumas et al., 2013). It is
caused by several viruses in the family Luteoviridae.
The most important of these are Barley yellow dwarf
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virus-PAV (BYDV-PAV), Barley yellow dwarf virus
-MAV (BYDV-MAV, genus Luteovirus), and Cereal yel-
low dwarfvirus-RPV(CYDV-RPV, genus of Polerovirus)
(Van Regenmortel et al., 2000). These single-stranded
positive sense RNA viruses are phloem-limited and
cause yellowing, reddening, and/or stunting of in-
fected plants. They are specifically transmitted by
aphids in persistent and circulative manners (Mayo
and Ziegler-Graff, 1996; D’Arcy and Domier, 2005).
Many isolates of BYDV have been sequenced, par-
ticularly their respective coat protein (CP) genes. BYD
was first reported in Tunisia in 1990 and subsequent-
ly in 2000 (Makkouk et al., 1990; Najar et al., 2000),
with BYDV-PAV being found to be the predominant
species (Makkouk et al., 2001). Other BYDV species
detected, in decreasing order, were BYDV-SGV, BY-
DV-RMV, BYDV-MAV and CYDV-RPV. As part of
our continued effort to assess BYDV incidence, a field
survey was conducted during April 2012 in the major
barley growing areas of Tunisia.
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Materials and methods
Field surveys and sample collection

Surveys in Tunisia were conducted in the north-
eastern (Bizerte; CapBon and Zaghouan), north-
western (Kef) and central-eastern (Kairouan) regions.
Thirty-six barley fields were randomly selected, and
from each field two types of samples were collected;
approx. 20 samples from symptomatic plants and
100-200 random samples. A total of 5,403 random
samples and 611 samples from plants with symp-
toms suggestive of virus infection were brought to
the Virology Laboratory at INRAT for tissue blot im-
munoassays (TBIA) (Table 1).

Serological assays

All samples were tested for BYDV presence, us-
ing the tissue-blot immunoassay (TBIA) (Makkouk
and Kumari, 1996) with polyclonal antibodies pro-
vided by ICARDA’s virology laboratory. Samples
that were found to be positive by TBIA were further
tested using DAS-ELISA (Clark and Adams, 1977)
with three polyclonal antibodies raised against BY-
DV-PAV, BYDV-MAV and CYDV-RPV. These were
obtained from BIOREBA.

RT-PCR assays

Six barley samples which reacted positively with
BYDV-PAV polyclonal antibody and showed severe
BYD symptoms in the field were further investigated
to determine their CP gene sequences. These six sam-
ples included two isolates (D12 and D13) from Biz-
erte, two (D23, D24) from Zaghouan and two (D34,
D35) from Cap Bon. Total RNAs were extracted us-
ing the Trizol (Invitrogen) and chloroform method
(Kelly et al., 1994). Complementary DNA to the CP

gene was synthesized using reverse transcription
PCR amplification (RT-PCR) in a single tube using
the specific BYDV-PAV primer pairs which ampli-
fies the CP gene (744 nts): (BYDV-F: 5-GTTCTGC-
CTCAACATCGGAT-3 and BYDV-R: 5-AATAG-
GTAGACTCCTCAACA-3’) (Ratsgou et al., 2005).
For cDNA synthesis, 2 uL of total RNA extract and
0.2 pM primers were denatured for 5 min at 95°C
and chilled on ice. RT-PCR was then performed in a
single tube using a 20 uL reaction mixture that con-
tained 3 mM MgCl,, 0.4 mM each of dNTPs, 20 U
of MMLYV (reverse transcriptase), 4 U of RNase out
recombinant ribonuclease inhibitor, 1 U of Taqg DNA
polymerase and 2.5 uL of reaction buffer (200mM
Tris-HCl, pH 8.4, 500 mM KCl) (Invitrogen). PCR
was performed in an automated thermal cycler (Ap-
plied Biosystems Gene) programmed for the follow-
ing thermo-cycling conditions: one cycle of 50 min
at 37°C; one cycle of 3 min at 94°C; 35 cycles of 1
min at 94°C, 1 min at 57°C and 1 min at 72°C, and
one cycle of 10 min at 72°C. Amplification products
were detected by electrophoresis in a 2% agarose gel
followed by ethidium bromide staining (10 ug mL™).

Sequence analysis

Amplified products were purified using the
PCR DNA purification Kit (Invitrogen) according
to manufacturer’s instructions. The PCR products
were cloned into a pGEM-T vector using insert T/A
clone PCR product Kit (Promega). Recombinant
plasmids were used to transform DH5a Escherichia
coli competent cells and the recombinant plasmids
were purified using the High Pure Plasmid kit (Inv-
itrogen). Positive clones of each isolate were Sanger
sequenced using an ABI PRISM DNA sequencer 377
(Perkin Elmer). These six sequences were aligned to-
gether with all BYDV sequences that spanned this re-

Table 1. Location and number of barley samples collected from 36 fields in different regions in Tunisia in April 2012.

Sampling Kef Kairouan Zaghouan Cap Bon Bizerte Total
No. of fields surveyed 6 9 7 8 6 36
Random 930 1417 1055 762 1239 5403
With symptoms 90 140 131 120 130 611
Total 1020 1557 1186 882 1369 6014
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gion (n = 84) available in GenBank, and two sequenc-
es BYDVNY-SGV and BYDV TX-SGV (U06865 and
U06865) were used as an outgroup. The sequences
were aligned using MUSCLE (Edgar, 2004), and this
alignment was used to infer a maximum likelihood
phylogenetic tree (1,000 bootstraps) using PHYML
(Guindon et al., 2010) with GTR + G determined to be
the best model for substitution using the jModelTest
(Darriba et al., 2012). Branches with less than 60%
support were collapsed using TreeGraph 2 (Stover et
al., 2010). Sequence pairwise identified were deter-
mined using SDT v1.2 (Mubhire et al., 2014). Aligned
sequences were analysed with DnaSP software ver-
sion 4.0 (Rozas et al., 2003) to estimate indices of
haplotype diversity (Hd) (Nei and Tajima, 1983)
and pairwise estimates of nucleotide divergence (Pi)
(Jukes and Cantor, 1969) to assess the genetic diver-
sity among Tunisian isolates.

Results
Field observations

The most commonly observed symptoms in bar-
ley crops were stunting of the affected plants and
yellowing of the leaves. Virus disease incidence
based on field inspections was estimated to range
from 1 to 20%.

Incidence of BYDV from laboratory testing

TBIA results showed that BYDV incidence varied
among locations, ranging from 2 to 35% for random
samples, and from 19 to 83% for symptomatic sam-
ples. BYDV was most common in Zaghouan (14% inci-
dence), Cap Bon (14%) and Bizerte (34%) regions (Fig-
ure 1). Among the different BYDV serotypes detected,
BYDV-PAV (64%) was the most common followed by
BYDV-MAV (16%) and CYDV-RPV (3%) (Table 2).

RT-PCR assays and sequence analysis

All six Tunisian samples (D12 and D13 detected
from Bizerte, D23 and D24 from Zaghouan, and
D34 and D35 from Cap Bon) generated amplicons
of the expected size (744 nts) using specific BYDV-
PAV primers (Figure 2). The six Tunisian isolates
shared >98% pairwise similarity with each other
and =97% with two BYDV sequences of isolate
ASL1 (AJ810418) from Germany and isolate 109
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Figure 1. BYDV incidence based on TBIA tests of sympto-

matic and randomly selected samples collected from dif-
ferent barley regions of Tunisia during April 2012.

Table 2. BYDVs incidence (%) in barley fields of different
regions in Tunisia based on virus testing by DAS —ELISA.

Region S:'n‘:'p ‘I’;S BYDV-  BYDV-  CYDV-
tested PAV MAV RPV

Kef 36 28 7 2
Kairouan 23 15 2 0
Zaghouan 30 15 6 0
Cap Bon 67 42 11 0
Bizerte 87 55 12 6
Total 243 155 38 8
BYDVs 6378 1563 329

incidence (%)

800nts,

L 744 nts

400 nts

Figure 2. Detection of BYDV-PAV by RT-PCR. Lane 3 = bar-
ley from Cap Bon, lane 4 = barley from Bizerte, lane 5 =
barley from Kef, lane 6 = barley from Kairouan, lane 7 =
positive sample, lane 2= negative control, and lane 1 = 100
nts ladder.
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Figure 3. Maximum likelihood phylogenetic analysis of BYDV-PAV isolates. Taxa and branches

sampling location.
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Figure 4. Maximum likelihood phylogenetic tree of BYDV-PAV sequences together with a pairwise identity matrix.

(EF521828) from the United States of America. Fol-
lowing the multiple alignments of Tunisian sequenc-
es, 740 conserved sites, nine variable sites divided
into four informative sites and five unique sites
have been identified. Figure 3 shows that the Maxi-
mum likelihood dendrogram placed the BYDV-PAV
isolates into three groups. The first, labelled (I), is
composed of exclusively Chinese isolates. The sec-
ond, labeled (II) contains three Chinese isolates. All
other isolates (from Australia, Japan, China, Swe-
den, Germany, Iran, the USA, Pakistan and Tunisia)
form the group labelled (III). There was very close
similarity between the six Tunisian isolate sequenc-
es (KJ410741, KJ467220 and KJ467224) together with
isolates ASL1 and 109, forming a well-supported
cluster of BYDV sequences (Figure 3). This cluster

shared <90.5% pairwise similarity with all other
BYDV sequences available in GenBank (Figure 4,
Supplementary data 1).

Maximum likelihood phylogenetic analysis of 93
BYDV-PAV sequences revealed two distant lineages
of BYDV-PAVs in China (Figure 3; 26 sequences) that
share <81% pairwise similarity with all other isolate
sequences. The bulk of the sequences (n = 67) in-
cludes five Chinese isolates (06KM25, 06GY1, 06GY5,
05GG2 and 06KM14) and the six isolate sequences
from Tunisia (Figure 3), all sharing >86% pairwise
similarity (Figure 4).

These groupings reflect the presence of a continu-
ous variability that characterizes the isolates studied.
Variants were not grouped in accordance with their
geographical origins.
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Discussion

BYDV was reported in Tunisia during the
1985/1986 growing season, with incidence of 25%
(Makkouk et al., 1990), and was found to be of ex-
tremely low incidence (less than 1%) during the dry
growing season of 1999/2000 (Najar et al., 2000).
During the 2011/2012 growing season, infection
rates in barley fields reached 35% in the Bizerte re-
gion (a sub-humid zone), which probably provid-
ed a suitable environment for the activity of aphid
vectors. These observations are similar to those of
A’Brook (1981), Robert and Lemaire (1999), Thack-
ray et al., (2001) and Hall (2007), who reported the
impact of climatic conditions, host species and sow-
ing dates on the proliferation of insect vectors and,
consequently, the dissemination of the virus. Results
obtained have shown that visual field inspections
underestimate the incidence of the virus disease.
This underestimation could have resulted from the
presence of the virus at very low concentrations and
below detection levels during early infection and be-
fore the appearance of disease symptoms. Therefore,
for accurate diagnoses, it is advisable to base field
virus incidence on sensitive and robust laboratory
assays.

Serological identification of the three main BY-
DVs (BYDV-PAV, BYDV-MAV and CYDV-RPV)
showed that BYDV-PAV was predominant spe-
cies with infection rate estimated at 66%, followed
by BYDV-MAV(16%) and CYDV-RPV (3%). These
proportions are comparable with those recorded in
previous reports from Tunisia (Makkouk et al., 2001;
Bouallegue et al., 2014), the west of France (Henry
et al., 1993; Leclercq-Le Quillec et al., 1995; Leclercq-
Le Quillec et al., 2000), Great Britain (Barker, 1990;
Plumb, 1990), Spain (Comas et al., 1996) and Hunga-
ry (Pocsai et al., 1995). The dominance of BYDV-PAV
may be attributed to rapid population growth rate
of its vector, Rhopalosiphum padi. Very limited infec-
tion with CYDV-RPV was also reported in this study.
This could be due to two main factors: Firstly, this vi-
rus has a single aphid vector, R. padi, which restricts
its competitiveness against BYDV-PAV, and second-
ly, the presence of small numbers of hosts for this
virus. CYDV-RPV is mainly identified in ryegrass, as
reported by Henry and Dedryver (1991), Henry et al.
(1993), Kendall et al. (1996) and Mastari (1998). How-
ever, in Tunisia, ryegrass fields are rare.

The derived maximum likelihood phylogenetic
tree illustrated in Figure 3 contains two large signifi-
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cant clades (previously described as I and III), and
two isolates (EU332330 and EF521850) were placed
at the basis of these main clades. Isolate EU332330
from China was previously assigned to PAV-III sub-
species, whereas isolate EF521850 was assigned to
PAV-I (Wu et al., 2011). The first large clade was het-
erogeneous in terms of origin of isolate sequences
with isolates from Germany, China, Australia, Iran,
Japan, Pakistan, Sweden and Tunisia. The second
large clade is primarily populated by isolates of Chi-
nese origin, all of which belong to subspecies PAV-III
(formerly PAV-CN).

The Tunisian isolates formed a sub-cluster that
is basal to the main Clade (identified by Wu et al.,
2011 as CladeI), together with ASL1 (AJ810418) from
Germany and 109 (EF521828) from the USA. Wu et al.
(2011) showed that isolates ASL1 (AJ810418) and 109
(EF521828) have highly mosaic genomes resulting
from two recombination events (EF521828) or even
three (AJ810418). Additionally, ASL1 (AJ810418) rep-
resents a particular case, since its 2862-3491 region
came from viruses isolated from wheat and oat (Wu
etal., 2011). Thus, it is likely that Tunisian isolates are
also recombinants.

As reported previously, recombination is a perva-
sive phenomenon among BYDV-PAV isolates (Bouli-
la, 2011; Pagan and Holmes, 2010; Wu et al., 2011).
The evolutionary process in BYDV-PAV is shaped by
a combination of very frequent recombination and
low rates of nucleotide substitution, itself a function
of strong purifying selection operating on the three
ORFs (Wu et al., 2011).

Aligned sequences permitted identification of
six haplotypes among six examined for the Tunisian
BYDV-PAV CP gene. The haplotype diversity was
estimated to be 1.000. The number of mutations =
9 with nucleotide diversity (Pi jc) reaching 0.00483.
Although some Tunisian variants come from one
locality, a high rate of polymorphism was observed.
For example, in the case of D35 and D34 both com-
ing from the “Cap bon” region, they had the great-
est number of mutations (positions 305-307-406 and
422). This can be explained by host pressure. BYDV-
PAV showed some evidence of population genetic
structure, both at the geographic level and possibly
at the host level. The current genetic structure can
be explained by local geographic adaptation, and by
host-driven adaptation (Wu et al., 2011).

The similarity found between the six isolates can
also be explained from the choice of the infected



samples for CP partial nucleotide sequencing. This
was based on a common feature which is high field
virulence levels. The severity of symptoms is char-
acterized by severe dwarfism of host plants, yellow-
ing of leaves, reduced tillering and abortion of ears
(Qualset 1984). The viral transmission assays using
these five PAV isolates on the sensitive Tunisian bar-
ley variety “Manel” have also led to the occurrence
of the same types of symptoms under controlled
conditions. These virulent strains will assure reliable
selection of resistant lines in the national programme
for barley improvement to select BYDV-PAV resist-
ant genotypes.

To obtain a more complete picture of the diver-
sity among isolates of BYDV-PAV isolates in Tunisia,
more isolates should be sequenced and studied from
different geographic locations and hosts, including
cultivated and non-cultivated plants.

Literature cited

A’Brook J., 1981. Some observations in West Wales on the re-
lationships between numbers of alate aphids and weather.
Annals of Applied Biology 97, 11-15.

Barker H., 1990. Barley yellow dwarf.In Burnett P A,(Ed.),
Proceeding of thelnternational Symposium on World per-
spectives on Barley yellow dwarf virus, CIMMYT, Mexico,
3941

Boulila M., 2011. Selective constraints, molecular recombina-
tion structure and phylogenetic reconstruction of isomet-
ric plant RNA viruses of the families Luteoviridae and
Tymoviridae. Biochimie 93, 242-253.

Bouallegue M., M. Mezghani-Khemakhem, D. Bouktiley, H.
Makni and M. Makni, 2014. Molecular characterization
of bar yellow dwarf virus in Tunisia. ActaVirologica 58,
214-222.

Clark ML.E. and A.N. Adams, 1977. Characteristics of the mi-
croplate method of enzyme-linked immunosorbent assay
for the detection of plant viruses. Journal of General Virology
34, 475-483.

Comas J., X. Pons, R. Albajes and R.T. Plumb, 1996. Barley
yellow dwarf luteovirus BYDV, infectivity of alate aphid
vectors in Northeast Spain. Journal of Phytopathology 144,
273-276.

D’ Arcy C.J., 1995. Symtomatology and host range of Barley yel-
low dwarf virus. In: D’ Arcy C.J., Burnett PA., (Eds). Barley
Yellow Dwarf: 40 years of progress. St Paul, MN, USA,
9-28.

D’Arcy C.J. and L.L. Domier, 2005. Luteoviridae. In: Fauquet
C.M., Mayo M.A., Maniloff Z.]., Desselberger U., (Eds),
Virus Taxonomy, VIII th Report of the ICTV, London, UK,
891-900.

Darriba D., G.L. Taboada, R. Doallo and D.]. Posada, 2012.
jModelTest 2, more models, new heuristics and parallel
computing. Nature Methods 9, 772.

Barley yellow dwarf virus in barley crops in Tunisia

Edgar R.C., 2004. MUSCLE: multiple sequence alignment
with high accuracy and high throughput. Nucleic Acids Re-
search 32, 1792-1797.

Guindon S., J.F. Dufayard, V. Lefort, M. Anisimova, W. Hordi-
jk and O. Gascuel, 2010. New algorithms and methods to
estimate maximum-likelihood phylogenies: assessing the
performance of PhyML 3.0. Systematic Biology 59, 307-321.

Hall G.S., 2007. The effect of within-host virus population
growth and interspecific competition on aphid transmis-
sion and population structure of Barley yellow dwarf vi-
rus. PhD Thesis, Cornell University, Ithaca, New York.

Henry M. and C.A. Dedryver, 1991. Occurrence of barley yel-
low dwarf virus in pastures of western France. Plant Pa-
thology 40, 93-99.

Henry M., S. George, G.M Arnold, C. Dedryver, D.A. Kendall,
Y. Robert and B.D. Smith, 1993. Occurence of barley yel-
low dwarf virus BYDV isolates in different farmland habi-
tats in western France and south-west England. Annals of
Applied Biology 123, 315-329.

Jukes T.H. and C.R. Cantor, 1969. Evolution of protein mole-
cules. In: Munro H.N., (Ed.). Mammalian Protein Metabo-
lism. Academic Press, New York, NY, USA, 21-132.

Kelly L., W.L. Gerlach and PM. Waterhouse, 1994.Caracteriza-
tion of the subgenomic RNA of an Australian isolate of
barley yellow dwarf virus. Virology 202, 565-573.

Kendall D.A., S. George and B.D. Smith, 1996.Occurrence of
barley yellow dwarf viruses in some common grasses
Gramineae in south west England. Plant Pathology 45,
29-37.

Leclercq-Le Quillec F,, M. Plantegenest, G. Riaul, and C.A De-
dryver, 2000. Analyzing and modeling temporal disease
progress of barley yellow dwarf virus serotypes in barley
fields. Phytopathology 90, 860-866.

Leclercqg-Le Quillec F,, S. Tanguyn and C.A. Dedryver, 1995.
Arial flow of barley yellow dwarf viruses and their vec-
tors in western France. Annals of Applied Biology 126, 75-90.

Makkouk K. M., O.I. Azzam, ].S. Skaf, M. El-Yamani, C. Cherif
and A. Zouba, 1990. Situation review of barley yellow dwarf
virus in West Asia and North Africa. In: Burnett PA., (Ed.).
Proceedings of the International Symposium on World
perspectives on Barley yellow dwarf virus. CIMMYT,
Mexico, 61-70

Makkouk K.M. and S.G. Kumari, 1996. Detection of ten virus-
es by the issue-blot immunoassays (TBIA). Arab Journal of
Plant Protection 14, 3-9.

Makkouk K.M., A. Najar and S.G. Kumari, 2001. First record
of Barley yellow dwarf and Cereal yellow dwarf virus-
es in Tunisia. New Disease Reports 3, 16.

Mastari J., 1998. Populations naturelles de BYDV-PAV en
jachere fixe de ray grass et engrande culture de céréales.
PhD, Université de Paris, France.

Mayo M.A. and V. Ziegler-Graff, 1996. Molecular biology of
luteoviruses. Advances in Virus Research 46, 413—460.

Mubhire B.M., A. Varsani and D.P. Martin, 2014. SDT: a vi-
rus classification tool based on pairwise sequence align-
ment and identity calculation. PLoS ONE 9(9), e108277.
doi:10.1371/journal.pone.0108277.

Najar A., K. Makkouk, H. Boudhir, S. Kumari, R. Zarouk, R.
Bessai and F. Ben Othman, 2000. Viral diseases of culti-

Vol. 56, No. 1, April, 2017 117



A. Najar et al.

vated legume and cereal crops in Tunisia. Phytopathologia
Mediterranea 39, 423-432.

Nei. M. and F. Tajima, 1983. Maximum likelihood estimation
of the number of nucleotide substitutions from restriction
sites data. Genetics 105, 207-217.

Plumb R.T., 1990. The epidemiology of Barley yellow dwarf
in Europe. In: Burnett P.A., (Ed.). Proceedings of the In-
ternational Symposium on World perspectives on Barley
yellow dwarf virus, CIMMYT, Mexico, 215-227.

Pagan 1. and E.C. Holmes, 2010. Long-term evolution of the
Luteoviridae: time scale and mode of virus speciation.
Journal of Virology 84, 6177-6187.

Pocsai E., G. Kovdcs, A. Orosz, M. Papp. and L. Szunics, 1995.
Differentiation of barley yellow dwarf luteovirus sero-
types infecting cereals and maize in Hungary. Agronomie,
EDP Sciences 15, 401-408.

Qualset C.O., 1984. Evaluation and breeding methods for bar-
ley yellow dwarf resistance. In: Burnett P.A., (Ed.). Pro-
ceedings of the International Workshop on Barley yellow
dwarf virus. Mexico: 6-8 Dec. 1983. CIMMYT.

Ratsgou M., B. Khatabi, A. Kvarnheden and K. Izadpanah,
2005. Relationships of barley yellow dwarf virus-PAV and
cereal yellow dwarf virus-RPV from Iran with viruses of
the family Lutoviridae. European Journal of Plant Pathology
113, 321-326.

Robert Y. and O. Lemaire, 1999. Epidemiology and control strate-

gies. In: Smith H.J. and Barker H., (Eds.). The Luteoviridae.
CABI publishing, UK, 211-219.

Rozas J., J.C. Sanchez-Delbarrio, X. Messeguer and R. Rozas,
2003. DnaSP, DNA polymorphism analyses by the coales-
cent and other methods. Bioinformatics 19, 2496-2497.

Saitou N. and M. Nei,1987. The neighbor-joining method: A
new method for reconstructing phylogenetic trees. Mo-
lecular Biology and Evolution 4, 406-425.

Stéver B.C. and K.F. Miiller, 2010. TreeGraph 2: Combining
and visualizing evidence from different phylogenetic
analyses. BMC Bioinformatics 11, 7.

Svanella-Dumas L., T. Candresse, M. Hull and A .Marais,
2013. Distribution of Barley yellow dwarf virus-PAV in the
Sub-Antartric Kerguelen Islands and characterization of
two New Luteovirus species. PLOS One 8, 1-13.

Thackray D.J., J. Hawkes and R.A Jones, 2001. Further devel-
opments in forecasting aphid and virus risk in cereals. In:
Jettner R. and Jones J., (Eds). Cereal Update, Agriculture
Western Australia, 69.

Van Regenmortel M.H., M.A Mayo, C.M. Fauquet and J. Ma-
niloff, 2000. Virus nomenclature: consensus versus chaos.
Archives of Virology 145, 2227-2232.

Wu B., A. Blanchard-Letort, Y. Liu, G. Zhou, X. Wang and S.F
Elena, 2011. Dynamics of molecular evolution and phylo-
geography of Barley yellow dwarf virus-PAV. PLoS ONE
6, €16896.

Accepted for publication: March 9, 2017
Published online: May 10, 2017

118 Phytopathologia Mediterranea



