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Short Notes

Detection of viruses in olive cultivars in Greece,
using a rapid and effective RNA extraction
method, for certification of virus-tested
propagation material
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Summary. Although Greece is the world’s third largest olive production country, infor-
mation about the presence of olive viruses is limited. A survey for the presence of
virus infections in the ten most important Greek cultivars was conducted in a germ-
plasm collection olive grove located in Chania, Crete. Samples were RT-PCR assayed
for the presence of Arabis mosaic virus (ArMV), Cherry leafroll virus (CLRV), Straw-
berry latent ring spot virus (SLRSV), and Olive leaf yellowing-associated virus (OLYaV),
amplifying part of the capsid protein (ArMV), the 3'UTR (CLSRV, SLRSV) or the
HSP70h (OLYaV) gene. Total RNAs were purified using the Trizol method, yielding
good quality and purity, thereby confirming application of the method as a rapid eco-
nomic extraction protocol for detection of olive viruses. SLRSV was the most predomi-
nant virus, with an infection rate of 55%, followed by CLRV and OLYaV in 5% of the
tested samples. ArMV was detected only in one sample. Mixed virus infections were
also commonly detected. The DNA amplicons of the obtained viruses from the infect-
ed samples were sequenced. The partial sequences of ArMV, CLRV and SLRSV from
olives, which are reported for the first time, showed 74-100% nucleotide similarity with
available homologous sequences from other crops, whereas OLYaV isolates showed
high sequence variability of 25%. The phylogenetic analysis based on olive-OLYaV
HSP70h partial-nucleotide sequences grouped the olive isolate sequences according
to the geographical origins of the host germplasm collection. This is the first official
report of the occurrence of olive viruses in Greece, emphasizing the need to implement
a certification programme for production and distribution of high-quality (virus-free)
olive propagation material, in Greece and more generally in the Mediterranean basin.

Keywords. Olive viruses, RT-PCR, olive RNA extraction protocol, virus-tested propa-
gation material.
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INTRODUCTION

Olive (Olea europaea L.) is one of the most impor-
tant fruit tree crops in Greece, with total area of olive
orchards of 830,000 ha, and total world annual produc-
tion >250,000 t (IOC, 2018). There are over one hundred
olive cultivars grown in Greece (Linos et al., 2014), with
‘Koroneiki’ and ‘Kalamon’ being the most predominant
(Metzidakis and Koubouris, 2006). Despite the richness
of the olive autochthonous varieties cultivated in differ-
ent parts of the country, which indicates their impor-
tance, it is estimated that over 90% of the new planta-
tions employ only the ten most popular cultivars. In an
attempt to create new plantations and increase their pro-
ductivity of superior quality olive oil (monovarietal), the
phytosanitary status of the most economically and com-
mercially important olive cultivars was evaluated. This
was to create high-quality olive germplasm, from which
pre-basic certified propagation material could be pro-
duced. This is considered mandatory to enhance nation-
al and international olive industry.

Olive is susceptible to several pathogens, caused by
fungi, bacteria, viruses and phytoplasmas, which are
transmitted and disseminated in host propagation mate-
rial. Fifteen viruses belonging to seven genera (Nepo-
virus, Cucumovirus, Tobamovirus, Alphanecrovirus,
Oleavirus, Necrovirus, Marafivirus), and one unassigned
member of the Secoviridae and one of the Closteroviri-
dae families, have been recorded in olive (Martelli, 1999;
Felix and Clara, 2002; Cardoso et al., 2004; Al Abdul-
lah et al., 2010; Loconsole et al., 2010). Many of these
viruses cause latent infections, and are symptomless and
restricted in olive trees; however, some other viruses
have wide host ranges and can spread to numerous eco-
nomically important crops which are virus reservoirs for
serious diseases. Research conducted on the olive virus
records in Italy, Spain, and Portugal was initiated in
1999 (Martelli, 1999). However, more attention has been
recently drawn to the virus sanitary status of olive trees
in several countries of the Mediterranean basin.

The recent outbreak of the olive quick decline syn-
drome, caused by Xylella fastidiosa in Italy (Saponari et
al., 2013), and the detection of this bacterium in oth-
er European countries (France, Spain, Germany), has
prompted the necessity for annual surveys and inspec-
tions in the olive groves of Greece. This action was taken
as a preventive measure to cope with the introduction
of X. fastidiosa in Greece. However, there are no data
regarding the presence of olive-infecting viruses in this
country.

This paper reports results of a preliminary investiga-
tion into olive-infecting viruses, by testing a plot of an
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olive germplasm collection and using a rapid and effec-
tive RNA extraction protocol. This is the first survey
report on the detection of olive viruses in Greece. This
survey for the presence of Arabis mosaic virus (ArMV;
Nepovirus), Cherry leaf roll virus (CLRV; Nepovirus),
Strawberry latent ring spot virus (SLRSV; Secoviridae),
and Olive leaf yellowing associated virus (OLYaV; Clos-
teroviridae), according to the EU regulations PM 4/17(2)
(EPPO, 2006) for the certification of olive propaga-
tion material, was conducted from the ten most widely-
grown olive cultivars in Greece. Genetic diversity and
phylogenetic relationships between virus isolates were
also analyzed and are reported herein.

MATERIALS AND METHODS
Study area, plant material and virus sources

A survey was carried out during March 2018, and a
total of 40 trees was collected from a germplasm collec-
tion plot located at the Institute of Olive Tree, Subtropi-
cal Crops and Viticulture (IOSV) in the region of Cha-
nia, Crete, Greece. This collection plot contained young
olive trees (4-5 years old) from different accessions of
Greek cultivars, which have been analyzed and geneti-
cally characterized (SSR) for their identification and
authentication.

Table 1 lists the ten most important olive cultivars
that were chosen, according to their economic impor-
tance throughout Greece. Samples were collected from
four different trees of each cultivar. Each labelled sam-
ple consisted of four sub-samples of cuttings (each 25-35
cm in length) from 1- to 2-year-old twigs, from all
four quadrants of the canopy of each plant (two shoots
from each quadrant). No typical virus symptoms were
observed in the collected samples, with the exception of
light leaf yellowing in samples originating from two dif-
ferent cultivars.

Total RNA aliquots originally extracted from charac-
terized olive material, infected with CLRV and OLYaV,
or herbaceous hosts infected with ArMV and SLRSV,
were used as positive controls to confirm the reliability
of the method used for virus detection.

RNA isolation and evaluation of the method for olive tis-
sues

Phloem and leaf tissues from at least eight shoots per
surveyed tree were separately scraped and powdered in
liquid nitrogen. Approximately 0.1 g of each sample was
subjected to RNA isolation by the Trizol method, using
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Table 1. Sampled Greek olive cultivars, and results of the molecular
detection of ArMV, CLRV, OLYaV and SLRSV.

No. of Detected virus and number of infected

Cultivar tested trees
trees  ArMV  CLRV  OLYaV SLRSV

Gaidourelia 4 0 1 0 0
Lianolia Kerkiras 4 0 0 0
Koroneiki 4 1 0 0 2
Throubolia 4 0 1 0 2
Megaritiki 4 0 0 0 4
Patrini 4 0 0 0 3
Kalamon 4 0 0 0 2
Amfissis 4 0 0 0 3
Chalkidikis 4 0 0 1 3
Mastoidis 4 0 0 1 2
Total 40 1 2 2 22

the TRIzol reagent (Invitrogen, ThermoFisher Scientific)
as described in the manufacturer’s instructions. Initially,
the resulting RNAs from phloem and leaves were com-
pared to each other for quality and quantity, and also
with total RNAs extracted using the RNeasy Plant Mini
kit (Qiagen) from the same ground tissues. The final
RNAs were diluted to a final concentration of 150 ng
pLt

To evaluate the functionality and the sensitivity of
the Trizol method in olive tissues, the following experi-
ments were carried out: i) molecular assays for the par-
tial amplification of the B-tubulin, an endogenous olive
gene, and ii) molecular assays to assess the purity of
the total RNA from genomic DNA (gDNA) during the
extraction procedure.

Detection of olive viruses and olive-specific genes using
One-step RT-PCR assays

A previously reported One-Step Reverse Transcrip-
tion-Polymerase Chain Reaction (RT-PCR) was used for
the detection of olive-infecting viruses, which used reli-
able sets of primers (Supplementary Table S1) that par-
tially amplify the coat protein (CP) gene of ArMV, the
3'UTR of CLRV and SLRSV, and the Heat shock protein
70 homolog (HSP70h) gene of OLYaV (Loconsole et al.,
2010). This was applied under the following modifica-
tions. Briefly, 2 uL of total RNA was added in the reac-
tion mixture (final volume 25 pL), along with 5x GoTaq
Polymerase buffer, 1.5 mM MgCl,, 5 mM DTT, 0.4 mM
dNTPs, 0.2 uM of each virus-specific primer pair, 5 U
AMYV (Promega), 20 U RNase Out (New England Bio-
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Labs) and 1.25 U GoTaq Polymerase (Promega). The
c¢DNA synthesis was performed at 48°C for 45 min,
followed by denaturation at 95°C for 5 min. The tar-
get amplification was carried out under the following
cycling scheme: 35 cycles of 94°C for 30 s, 55°C for 45
s (for OLYaV 58°C was used), 72°C for 30 s, with a final
extension step at 72°C for 7 min. The PCR conditions
were the same for all viruses. Positive and water controls
were used in all of the tests.

The same one-step RT-PCR protocol was applied
for detection of the B-tubulin gene, using the following
modifications: 0.5 mM dNTPs, annealing temperature of
59°C and 0.25 uM of the specific primers (Supplementa-
ry Table S1). To confirm the purity of RNA from gDNA,
the same reaction was carried out with exclusion of the
reverse transcription enzyme.

The amplified products were analyzed by electropho-
resis in 1.5% TAE (I1x) agarose gel stained with GelRed
(Biotium Inc.).

Sequencing, recombination and phylogenetic analyses

The resulting DNA amplicons were purified using
the NucleoSpin Gel and PCR Clean-up kit (Macherey-
Nagel). The nucleotide sequences from all detected iso-
lates were determined by direct sequencing using both
of the virus-specific primers, with the Sanger method
(Macrogen Inc.).

For the bioinformatics analyses, the partial olive
virus sequences obtained here were aligned, after clip-
ping the primer-binding region with all the known
homologous deposited nucleotide viral sequences using
Muscle software as implemented in MEGA X (Kumar
et al., 2018). Prior to phylogenetic analyses, the occur-
rence of potential recombination events within virus
isolates was analyzed using the RDP, GENECONY,
Chimaera, MaxChi, BootScan, SiScan, and 3Seq meth-
ods implemented in the RDP version 4 program (Mar-
tin et al.,, 2015) with default settings. Recombination
events were considered as significant if four or more of
these methods had a P < 0.05, in addition to phyloge-
netic evidence of recombination. Sequence alignments
were used for inferring phylogenetic evolutionary rela-
tionships and the construction of maximum-likeli-
hood trees in MEGA X. The best nucleotide substitu-
tion model was calculated for each set of sequences.
The Kimura 2-parameter model (Kimura, 1980) was
applied for ArMV, CLRV and SLRSV, and the Tamura
3-parameter model (Tamura, 1992) for OLYaV. Con-
fidence in branch points in the phylogenetic tree was
assessed by the bootstrap method with 1,000 pseudo-
random replicates (Felsenstein, 1985).
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RESULTS AND DISCUSSION

The integrity and quality of the Trizol-total RNAs
obtained from olive phloem and leaves was confirmed
by electrophoresis, showing a similar pattern as those
extracted using another commercial kit. The yield of
total RNA was greater for phloem tissues than from the
leaves (data not shown), varying from 0.2-0.3 pg uL™
for the RNeasy Plant Mini kit (Qiagen) to 0.4-0.7 pg
uL?! for Trizol. The purity (ratio A,4y/A,g) in both cases
was in the optimal range. In previous studies, the use
of the RNeasy kit has been commonly adopted for olive
total RNA isolation, following various laboratory valida-
tions and a comparison with silica microchromatogra-
phy preparations (Loconsole et al., 2010). In the present
study, Trizol was successfully used for preparation of the
olive total RNA templates, extracted from phloem, for
detection of the target viruses. The B-tubulin gene was
successfully detected (data not shown), thereby confirm-
ing the effectiveness and suitability of the Trizol-puri-
fied olive total RNAs for setting amplification reactions.
No amplifications occurred when the total RNAs were
directly subjected to PCR without a reverse transcription
step (data not shown). This indicated that the Trizol-
purified RNAs were free from gDNA. The Trizol method
could be used as a simple and high-quality olive RNA
extraction protocol (within 3 h duration), minimizing
costs without the need of additional purification steps.

The one-step RT-PCR reactions generated the expect-
ed amplicons for all positive controls. All four virus-
es investigated were present in the tested Greek olive
germplasm plants, with different infection rates. In
Greece, occurrence of olive viruses has not been previ-
ously investigated. The only previous report of an olive-
infecting virus in Greece was for Olive mild mosaic virus
(Gratsia et al., 2012), which was detected in spinach.

The present study found at least one virus present in
25 out of 40 samples, with an average of 62.5% virus infec-
tion (Table 1). This infection level was comparable to those
reported from other Mediterranean countries and Syria
(51-86%) (Saponari et al., 2002; Al Abdullah et al., 2005;
Faggioli et al., 2005; Youssef et al., 2010; Faggioli et al.,
2017), but in contrast to Albania, where virus incidence
was very low (2%) (Luigi et al, 2009). In Lebanon and
Croatia, incidence of these viruses varied from 20 to 31%
(Fadel et al., 2005; Luigi et al., 2011; Godena et al., 2016).

SLRSV was the most frequently detected virus, being
present in 22 samples (55%), in almost all of the olive
Greek cultivars except ‘Gaidourelia’ (Table 1). The high
infection rates of SLRSV in Greece is in contrast to pre-
vious reports in other neighboring countries, where inci-
dence of this virus varied from 0.5 to 29.2% (Saponari
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et al., 2002; Al Abdullah et al., 2005; Fadel et al., 2005;
Faggioli et al., 2005; Luigi et al., 2009; El Air et al., 2011;
Godena et al., 2016). The high incidence of SLRSV (a
nematode-borne virus) in the tested olive plants could
indicate the presence of SLRSV in other crops or in olive
itself, which have bordered the sampled grove as a reser-
voir of infection. The transmission of SLRSV by Xiphin-
ema diversicaudatum in nature is well known, and this
cannot be excluded; however, there is no evidence that
this nematode is able to transmit SLRSV from olive to
olive or from other crops to olive.

ArMV was detected only in one sample collected
from a tree of ‘Koroneiki’ (designated as ArMV-Gr/Kr),
whereas CLRV was detected in single infections on two
olive cultivars, “Throuboulia’ and ‘Gaidourelia’ (designat-
ed, respectively, as CLRV-Gr/Tr and CLRV-Gr/Gd). The
low infection percentages of ArMV (2.5%) and CLRV
(5%), confirmed similar results reported in the Medi-
terranean basin. For ArMV, the absence of infection in
Italy, Croatia, and Tunisia (Faggioli et al., 2005; El Air et
al., 2011; Godena et al., 2016), and one report of sporadic
infection (0.7%) from Egypt (Youssef et al., 2010), are
noteworthy. The only reports available are from Lebanon
and Syria that show similar infection rates (0.7-2%) (Al
Abdullah et al., 2005; Fadel et al., 2005). The incidence
of CLRYV, as indicated in other countries, varied from
very low (0.5%) in Spain (Bertolini et al., 2001) to high-
er infection rates such as 12% in Croatia (Godena et al.,
2016), 13% in Tunisia (El Air et al., 2011), and 4.9-33.3%
in Italy (Saponari et al., 2002; Faggioli et al., 2005).

OLYaV was also detected with low incidence (5%), in
two olive cultivars, ‘Mastoidis’ and ‘Chalkidikis’ (these
virus isolates designated, respectively, as OLYaV-Gr/Ms
and OLYaV-Gr/Ck). This was similar to OLYaV incidence
found in Albania (2%) (Luigi et al., 2009), but OLYaV
infection-rates were greater in Tunisia (49%) (El Air et
al., 2011), Italy (21-64%) (Saponari et al., 2002; Albanese
et al., 2003; Faggioli et al., 2005), Lebanon (23.6%) (Fadel
et al., 2005), Syria (14.5%) (Al Abdullah et al., 2005),
and especially in California, where OLYaV is the most
prevalent virus (93%) (Al Rwahnih et al., 2011). The low
infection rate of OLYaV in Greece could be explained by
the possible absence or limited presence of the vector of
this virus in the country, which is not known but sus-
pected to be the olive psyllid Euphylluria olivinae (Saba-
nadzovic et al., 1999). Another explanation could be the
high genetic variability which is well known in Clostero-
viridae viruses. This could influence the specificity of
the primers used in the detection assays. This is prob-
ably limited for OLYaV, as the primers were designed in
a conserved HSP70h motif. There have been numerous
divergent isolates of OLYaV detected to date, but it can-
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not be excluded as a cause of particular reported greater
variability compared to other closteroviruses (Essakhi et
al., 2006; Al Rwahnih et al., 2011).

The proportions of mixed virus infections was of 8%,
in ‘Mastoidis’ by SLRSV and OLYaV, and in ‘Koroneiki’
by ArMV and SLRSV. At least one host tree of each cul-
tivar was free from the tested viruses, except for the cul-
tivar ‘Megaritiki’ (Table 1).

Sequences of PCR-amplicons showed nucleo-
tide homologies with the respective homologous viral
sequences in the GenBank, confirming the specificity
of the amplicons. No recombination events were detect-
ed within the analyzed sequences from each virus. The
sequences obtained from ArMV, CLRV and SLRSV rep-
resent the first genetic information recovered from olive-
infected material.

The comparative sequence analyses undertaken in
this study revealed the presence of some unique nucle-
otide substitutions in the ArMV, OLYaV and SLRSV
sequences from olives. The ArMV-Gr/Kr isolate showed
two unique nucleotide substitutions, whereas the simi-
larities varied from 74 to 94%. In the case of OLYaV, the
sequence was only obtained from one of the RT-PCR
amplicons from ‘Mastoidis’. Molecular characterization
of the Greek OLYaV-Gr/Ms isolate revealed the presence
of a unique adenine substitution (position 66) and high
molecular diversity with previously reported isolates, as
indicated for European and American isolates (Essakhi
et al., 2006; Al Rwahnih et al., 2011). The variability lev-
els of the Greek isolate in comparison with isolates from
California ranged from 3 to 25%, whereas the nucleotide
similarities varied from 75 to 80% compared with Italian
isolates. Within the sequence dataset used, there were
also three isolates from Greek olive cultivars (‘Tragolea’,
‘Conservolia’, ‘Gaidourelia’) maintained in the germ-
plasm repository of California sharing 75 to 93% nucleo-
tide similarity with the Greek isolate reported here. This
HSP70h sequence variability was significantly greater
compared with other Closteroviridae viruses, suggesting
the need of further studies to elucidate taxonomic rela-
tionships within the family.

Sequence analysis of the 22 SRLSV isolates revealed
six diverse isolates from the olive cultivars ‘Throu-
boulia’, ‘Kalamon’, ‘Amfissis’ and ‘Chalkidikis’ (these
virus isolates are designated, respectively, as SLRSV-Gr/
Tr, SLRSV-Gr/Kml, SLRSV-Gr/Km2, SLRSV-Gr/Af and
SLRSV-Gr/Ck), whereas all the others SRLSV isolates
were identical with the sequence of SLRSV-Gr/Tr. A
sequences alignment comparison with those available
in the database (from mint, cherry, strawberry, black
locust, Japanese rose and peach) showed different vari-
ability levels up to 24%. The most variable sequences
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to the olive isolates were those from peach and mint.
There was 100% similarity between the SLRSV from
black locust (Robinia pseudoacacia) in Poland and the
SLRSV-Gr/Ck isolate, demonstrating the significant
role of possible reservoir hosts in the virus dissemina-
tion. Six unique nucleotide substitutions were present
only in olive isolates, with the exception of the isolate
from black locust. Between the Greek isolates, the diver-
gency ranged from 1 to 17%, with the SLRSV-Gr/Af and
SLRSV-Gr/Kml isolates being the most variable show-
ing, respectively, 26 and 14 unique nucleotide substitu-
tions. The high sequence divergency values of olive iso-
lates are in accordance with the results of Dullemans et
al. (2019). In previous studies the primer pair used for
the detection of SLRSV was reported to target part of
the CP gene (Faggioli et al., 2002) instead of the 3'UTR,
probably due to the limited knowledge of the virus
genome organization.

The CLRV Greek isolates (CLRV-Gr/Tr and CLRV/
Gr/Gd) were 100% similar, and multiple nucleotide
alignments with the available CRLV sequences from
pome and stone fruits, woody and herbaceous hosts,
revealed that the Greek isolates had two unique nucleo-
tide substitutions. The olive isolates, except the nucleo-
tide variations, exhibited a motif of eight nucleotide
deletions (positions 127 to 134), which was also present
in CLRYV isolates from birch and walnut, but not from
Chenopodium quinoa and stone fruit hosts. The variabil-
ity at nucleotide levels ranged from 2 to 13%, depending
on the host, with the lowest values detected with isolates
from birch and walnut.

All of the sequences determined in this study were
deposited in the EMBL-EBI database under the acces-
sion numbers LR593885, MK936232 to MK936236 and
MN706529 to MN706532.

Phylogenetic analyses were also carried out to investi-
gate evolutionary relationships among the virus isolates.
In the case of ArMV and CLRV, there were no available
sequences; consequently, these analyses only confirmed
the clustering of olive isolates with those from different
hosts. All the viruses grouped within the virus-specific
tree with ArMV-Gr/Kr isolate being more closely related
to those sequenced from narcissus and lily, whereas the
most distantly-related isolate was from butterbur (Figure
1A). The CLRV olive isolates were grouped in a separate
clade of a sub-cluster with closely related isolates from
walnut and birch (Figure 1B). For SLRSV, all the six
diverse olive isolates grouped together but in a separate
cluster from the other isolates of different host origins,
with the exception of an isolate from black locust which
was grouped in a sub-cluster together with SLRSV-Gr/Tr
and SLRSV-Gr/Ck isolates (Figure 1C). The olive SLRSV-
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A AB279741.2 Lily
) B AMV-GrKr

AB279740 2 Narcissus

D10086.1 Lilac

EU617327.1 Wild privet

EF426853 1 Grapevine
GQ369529.1 Barley
GQ369530.1 Barley

NC 006056.1 Grapevine

AB279739.2 Butterbur

AYBG0978 Mint
—i
noz2 X75166 Cherry

e AVBS0OTO Mint
s

MF797012 Peach

XTT466 Strawbery

MFTT001 Japanese rase
00
MF797002 Japanese rose

W SLRSV-GriKm1

B SLRSV-Grikm2

W SLRSV-Griaf

B SLRSV-GiMs

W SLRSV-GeTr
W SLRSV-GCk

MFT97005 Black locus

Gr/Af isolate, which was the most diverse, was alone in a
separate clade, and the diverse peach isolate was grouped
alone in a separate clade. These recently identified vari-
able isolates from black locust, Japanese pear and peach
were used for a new classification of the unassigned
SLRSV by Dullemans et al. (2019). According to that
study, a new taxonomic position is proposed for SLRSV
as a member of the new genus Stalarivirus. Based on
phylogenetic analyses of the CP full-genome, SLRSV-A,
SLRSV-B and the Lychnis mottle virus are suggested as
three distinct species of Stalarivirus (Dullemans et al.,
2019). In the present study, although the sequences used
for inferring evolutionary relationships were from the
3'UTR of SLRSV, it is clear that the olive virus isolates
are grouped with the SLRSV-A isolates, with an excep-
tion of the diverse peach isolate which is suggested as an
isolate of SLRSV-B (Figure 1C).

Since the host range of OLYaV is limited to olive, the
available homologous sequences in the database were
from that host. In total, 56 OLYaV isolates from Italy
and the United States of America were used to further
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KF779206 Rubus
KC937031 Nicotiana
KF779204 Malus
KF779203 Kiwi
KF779205 Plantago
KC753527 Darrow's blueberry
KT935520 Walnut
LN864989 Birch
B CLRV-GI/Tr
%' [l CLRV-Gi/Gd
NC 015415 Rheum
a7 GU167974 Garden nasturtium
KF779208 Elder
ﬂoszoﬁs Apricot
— LN714384 Downy birch

100 |: LT883168 Quinoa
KU215413 Cherry

0020

Figure 1. Phylogenetic trees conducted in MEGA X software, using
nucleotide alignments of the partial CP gene of ArMV (A), and the
3'UTR of CLRV (B) and SLRSV (C). This analysis involved: ten
nucleotide sequences with a total of 262 positions in the final dataset
for ArMV (A); 17 nucleotide sequences with a total of 338 positions
in the final dataset for CLRV (B); and 14 nucleotide sequences with
a total of 246 positions in the final dataset for SLRSV (C). The avail-
able virus sequences are reported with their accession numbers and
the origin host, whereas the Greek isolates originating from olive
and determined in this study are indicated by red squares and their
designated isolate name. Branches with <85% bootstrap support
were collapsed. The scale bar represents a genetic distance of 0.02.

characterize the evolutionary relationships of the Greek
isolate with other OLYaV isolates. The results clearly
showed two main different clusters with the first divided
into two sub-clusters, A and B. The isolates clustering
in groups A and C separated according to geographi-
cal origin of the germplasm collection. The Greek iso-
late clustered with the Californian isolates (Figure 2).
The smaller sub-cluster group B contained two separate
clades by sequences from the same geographical origin
of the germplasm collection, with insertion of two iso-
lates of different origin in each group. Previous phylo-
genetic studies on OLYaV comparable sequences were
conducted using either isolates coming from Italian
(Bari) or North American (California) olive tree collec-
tions. These studies demonstrated the existence of either
three cluster groups of isolates from the Italian collec-
tion (Essakhi et al., 2006) or six groups from isolates
obtained from the Californian collection (Al Rwahnih et
al., 2011). Although each of these collections contained
olive cultivars originating from different countries, the
study of Essakhi et al. (2006) suggested a clustering of
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KC133207 Carboncella
KC 133195 Rosciola di Rotello
KC133211 Carolea
KC133210 Cassanese
KC133171 Coratina
KC133153 Toscanina
KC133149 Ogliarola
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Figure 2. Evolutionary analyses conducted by MEGA X using
nucleotide sequences of the OLYaV HSP70h gene. The analysis
involved 56 nucleotide sequences. There was a total of 353 positions
in the final dataset. The available OLYaV sequences originating
from Italian and American germplasm collections (cultivars from
different countries) are reported with their accession numbers and
cultivar name, whereas the Greek isolate determined in this study
is indicated by a red square and its designated name. Branches with
<85% bootstrap support were collapsed. The scale bar represents a
genetic distance of 0.02.

isolates based on the country of origin (except for the
third group, which was geographically heterogene-
ous). This is in conflict with the second study, in which
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none of the clusters showed country of origin homo-
geneity (Al Rwahnih et al., 2011). These studies can-
not give clear interpretations of whether the relation-
ships between isolates are geographically-dependent, as
OLYaV isolates were not initially detected in their coun-
try of origin. Although the origin of the trees was from
different countries, they were all maintained as part of
an olive-tree germplasm collection, so the possibility of
virus infection and dissemination after plantation estab-
lishment cannot be excluded for some viruses. In the
present study we combined most of these previously
reported sequences, and the results showed clear demar-
cation of the isolates based on the collections (Italian vs.
American) into two clusters. Clusters A and C consisted
of isolates from the Italian or North American collec-
tions, whereas the smaller sub-cluster B was mixed, but
again the isolates from the different collections were
grouped together in individual clades (Figure 2). The
Greek OLYaV/Gr-Ms isolate was more closely related in
terms of evolution with isolates from the North Ameri-
can collection, indicating a prominent role of exchange
of infected host material in virus dissemination.
Although the present study should be subsequently
upscaled to an extensive, country-wide sampling, to elu-
cidate the virus infection status of olive trees in Greece,
it has provided fundamental knowledge on the applica-
tion of a rapid and economic RNA isolation protocol to
facilitate virus detection techniques. The study has also
made the first record of some olive viruses at unexpect-
edly high incidence proportions, in one of the leading
olive producing countries. Olive virus sequences from
olive hosts are also reported for first time. These results
illustrate the urgent need to implement certification
schemes for the production of virus-tested olive propa-
gation material and prevention of virus dissemination.
Phytosanitary controls are also of great importance for
local cultivars in order to maintain their PDO recogni-
tion. A novel result from this study was the identification
of sixteen virus-tested olive accessions from nine out of
ten cultivars tested. Further research in large-scale sur-
veys in this olive germplasm, in the National Germplasm
Repository of Greece and in commercial olive groves will
determine virus infection status for more Greek cultivars,
which could represent potential candidates of a pre-basic
mother plantation. This could supply increasing interna-
tional demand for certified olive propagation material.
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