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21st International Conference on Virus and other Graft Transmissible Diseases of Fruit Crops

Preface

The XXlst International Conference on Virus and other Graft Transmissible Diseases of Fruit Crops was the first one
held under this new title but was a continuation of a series of conferences that originated with a meeting in 1954 in
Waédenswil, Switzerland. This meeting was entitled Symposium on Fruit Tree Virus Diseases and was held by a small
group of international plant pathologists who were interested in the few virus diseases of deciduous fruit trees then
known to occur in Europe and North America. The subsequent meetings became progressively wider in scope and
increasingly concerned with viruses per se and virus diseases of fruit trees and small fruit crops worldwide.
Furthermore, the scope of these meetings came to include diseases caused by phytoplasmas and viroids when these
organisms were identified as new and serious pathogens of fruit crops.

In 1973 the organizing committee accepted the invitation of the International Society for Horticultural Science to
become one of the working groups set up by its Plant Protection Commission. This meeting was entitled IXth
International Symposium on Fruit Tree Virus Diseases.

Proceedings of the first eight meetings were published as supplements of different phytopathological journals. Extended
abstracts were published for the meetings in 1954 and in 1958. With one exception, the proceedings since the 9th
meeting were published by ISHS in Acta Horticulturae.

After discussions and approval by the current Scientific Committee it was decided to return to a meeting organization
outside the auspices of an international organization and, thus, the 2009 conference was held not in association with the
ISHS. This decision was approved during the business meeting at the 2009 Conference in Neustadt. At the same time it
seemed appropriate to identify and establish a new title for the conference. The goal was to establish one name covering
both the Tree Fruit and Small Fruit Crops subject areas and to include viroid and phytoplasma diseases, that previously
were referred to as virus-like diseases when little or no information was available on these pathogens.

It was therefore decided to hold the 2009 and future meetings under the title International Conference on Virus and
other Graft Transmissible Diseases of Fruit Crops. A new organization, the International Council for the Study of Virus
and other Graft Transmissible Diseases of Fruit Crops (ICVF) was formed. The organization is represented by a
Management Board consisting of two chair persons and an elected secretary. One chair will always be the organizer of
the previous meeting and the second chair is the organizer of the following meeting. The secretary is elected for three
years during the Conference Business Meeting. The ICVF Management Board addresses issues relevant to the ICVF
between conferences.

The Management Board is supported by a Scientific Committee. It has a maximum of 25 members, who must be active
researchers in their field of expertise, and who should be selected so as to provide a balance of representation across
geography, crops and specialty. Retirees will automatically leave the Scientific Committee at the next conference and,
at the same time, a total of five members will be replaced by newly elected members. The Scientific Committee will
propose the appointment of new members, who must be approved at the Conference Business Meeting.

The members of the Scientific Committee discuss and advise on scientific, policy and organizational issues that are
relevant to the continued development of the ICVF. They are also responsible for peer review of proceedings from the
ICVF meetings and all other scientific information that is posted on the ICVF website.

The current Management Board set up a permanent website at: http://icvf.jki.bund.de/.

This website offers membership to scientists interested in diseases of fruit crops caused by viruses, viroids,
phytoplasmas or unknown graft transmissible agents. Any issues related to future meetings of ICVF will be posted on
the website.

The papers contained in this volume of the "Julius-Kiihn-Archiv" report the Proceedings of the XXIst International
Conference on Virus and other Graft Transmissible Diseases of Fruit Crops. The manuscripts submitted were reviewed
by the organizers of the 2009 Conference with the support of the Scientific Committee and some professional language
editing. All papers will be available for download as PDF documents with no charge through the ICVF website. The
complete Programme and Abstracts of the Conference are also available for download.

The organizers of the 2009 Conference

Wilhelm Jelkmann and Gabi Krczal
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In Memoriam Dr. Luigi Carraro

Dr. Luigi Carraro, Gigi to us, was born in Sagrado (GO) in 1960; a date that is easy to
remember in the relative scale of the ages of some researchers of the DIPI of Udine. We
looked like we were set up in an orderly line, separated by twenty years: Luigi, the
undersigned, and Prof. Refatti. Defining the course of his life also seemed just as
straightforward and foregone to us. Instead it was an unbearable, unexpected passing on
28 November 2009.

Luigi completed his secondary school studies at the scientific college of Gorizia and
graduated from the Faculty of Agriculture at the University of Udine. In line with his
measured ways of understanding life, he did not even seek degree honours. He wanted to
earn them later, in the field, during his work as a researcher, which he conducted with
exemplary commitment and seriousness, and with love and intelligence in particular. We
understood that he knew how to abandon the superficiality of more common thoughts,
led as he was by an exceptional sensitivity, constantly in search of more profound and
intimate spheres. Only a few words were needed to perceive the level of his
considerations. Besides, that’s best since he was a man of few words, not even to
convince the incredulous or in search of greater popularity. He was as though he was
destined to be honest.

He devoted much of his time to research, which he virtually continued non-stop, going from his degree thesis to the
experience enforced and conducted as a researcher at the Department of Biology and Plant Protection at the University
of Udine (DIPI). His main research concerned the viruses and viroses of the graminaceae and fruit trees and the
phytoplasmas and phytoplasmoses of trees and herbaceous plants. Vectors and their relationships with plants and
studies into epidemiology were his great love. It isn't a coincidence that he was the first and main person to discover the
phytoplasma vector of the European Stone Fruit Yellows. He published in leading scientific journals, which often asked
for his contributions. And he loved scientific conferences, where he came to life.

His death is such a shame; the result of an unacceptable error by higher decision-making powers, at least for us.

He will be missed by many, as a person and as a figure, the latter increasingly harder to find, as someone who knew
how to work inside and outside the laboratory.

But he will be most sorely missed by his young daughter Carolina, whom he adored and who has suddenly been faced
by this turn of fate, and his wife Nazia.

Prof. Ruggero Osler
University of Udine
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In Memoriam Prof. Dragoljub D. Sutic

In the pursuit of knowledge, Professor Dragoljub Sutic completed three faculties.
Firstly, he graduated from Military Academy in 1940. Having returned from war
captivity where he served as a prisoner of war for four years, he graduated from
Faculty of Agriculture, Belgrade in 1949. During the studies he became particularly
interested in botany and phytopathology, scientific fields which marked his scientific
and pedagogical life, and to which he remained devoted to the very end. His
professional work began at Faculty of Agriculture where he began his career as a
teaching assistant in the field of phytopathology. Always eager to expand his
knowledge of biology, he, concurrently with the work on doctoral thesis, graduated
from Faculty of Science in Belgrade (1954), whereas in the following year, he
defended his doctoral thesis at Faculty of Agriculture. In the years that followed, he
was admitted to academic titles of Assistant Professor (1959), Associate Professor
(1961) and Full Professor (1969), and was later retired.

As an academic, he delivered lectures in phytopathology at undergraduate, graduate

: and postgraduate courses of study. He published a large number of books and
textbooks, including the following: “Plant Viruses, Handbook of Plant Virus Diseases and Anatomy, and Physiology of
Diseased Plants”, out of which the latter two were translated into English and published in the USA.

He was proficient in a number of European languages (French, German, Italian, Russian and English) which, besides
his high professional qualifications, helped him to easily make connections and maintain exceptional international
cooperation with phytopathologists worldwide. He was a leader or a participant in numerous domestic and 4
international projects, and also participated in a large number of international scientific meetings. He was a member in a
wide range of international professional and scientific organizations and editorial boards of renowned scientific
journals.

Dragoljub Suti¢ was a pioneer of the plant virology of Serbia and former Yugoslavia. He was among the first to attempt
to discriminate PPV isolates, and it was him who distinguished three kinds of PPV strains depending on kinds of local
lesions induced on herbaceous indicator Chenopodium foetidum. His scientific work also encompasses the study of
relationship between host plants and viruses (particularly of Plum pox virus), i.e. detection of new herbaceous and
woody plants hosts, identification of the different pathogenicity of some PPV isolates/strains for particular species of
hosts of Prunus genus, the investigation of resistance of stone fruits to PPV, the study of epidemiology and the virus
spread by leaf aphids and the developing control measures. He made an enormous contribution to the study, detection
and identification of types and strains of viruses and bacteria in vegetable and fruit crops. He was the author and co-
author of 165 scientific and a number of professional papers. Dragoljub Sutic was highly merited scientist both in
domestic and scientific community abroad, which resulted in his appointment for the corresponding member of
Agricultural Academy of France and a huge number of awards.

His extraordinary knowledge of phytopathology and high competence in describing complex phenomena in an
extraordinary simple and understandable way, his openness to discussion, respect he showed for other people’s work
and knowledge, readiness to help the young and open new realms of science, professionalism, his devotion to new
experiences, his swift conceiving of new practical issues and possibilities of application of scientific results provided
him an extraordinary merit both among colleagues and students. All of them were happy enough to have known him,
especially those who were honoured to work with him, and all of them certainly feel great respect for him. He will live
in their memory as a powerful person and an accomplished scientist.

Svetlana Paunovic

Fruit Research Institute, Republic of Serbia
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Association of Tobacco ringspot virus, Tomato ringspot virus and Xiphinema

americanum with a decline of highbush blueberry in New York

Fuchs, M.

Department of Plant Pathology and Plant-Microbe Biology, Cornell University, New York State Agricultural
Experiment Station, Geneva, NY 14456

Abstract

Plantings of highbush blueberry cultivars ‘Patriot’ and ‘Bluecrop’ showing virus-like symptoms and decline in vigor in
New York were surveyed for the occurrence of viruses. Tobacco ringspot virus (TRSV) and Tomato ringspot virus
(ToRSV) from the genus Nepovirus in the family Comoviridae were identified in leaf samples by DAS-ELISA. Their
presence was confirmed by RT-PCR with amplification of 320-bp and 585-bp fragments of the RNA-dependent RNA
polymerase genes, respectively. Comparative sequence analysis of viral amplicons of New York isolates indicated
moderate (80.7-99.7 %) to high (90.8-99.7 %) nucleotide sequence identities with other TORSV and TRSV strains,
respectively. Soil samples from the root zone of blueberry bushes contained dagger nematodes and cucumber bait plants
potted in soil samples with identified X. americanum became infected with ToORSV or TRSV. Altogether, ToRSV,
TRSV, and their vector X. americanum sensu lato are associated with the decline of highbush blueberry in New York.

Keywords: Vaccinium corymbosum L., dieback, DAS-ELISA, RT-PCR, RNA-dependent RNA polymerase gene

Introduction

In the spring of 2007, decline and virus-like symptoms were observed in plantings of mature highbush blueberry
(Vaccinium corymbosum L.) cvs. ‘Patriot’ and ‘Bluecrop’ in New York. Symptoms consisted of stunted growth, top
dieback or mosaic and dark reddish lesions on apical leaves. Necrosis of leaf and flower buds and reduced fruit yield
were also noticed. These observations prompted a survey of highbush blueberry cvs. ‘Patriot’ and ‘Bluecrop’ for the
occurrence of viruses and their vectors.

Materials and methods

Plantings of highbush blueberry cv. ‘Bluecrop’ and ‘Patriot’ were surveyed for the occurrence of viruses by double
antibody sandwich (DAS) enzyme-linked immunosorbent assay (ELISA) with specific antibodies (Bioreba, Reinach,
Switzerland).

The presence of viruses identified by DAS-ELISA was confirmed by reverse transcription (RT) polymerase chain
reaction (PCR) using total RNA extracted from leaf tissue and appropriate primers. RT-PCR was carried out using the
OneStep kit (Qiagen, Valencia, CA) with a 30 min heating step at 50 °C and a 15 min heating step at 95 °C followed by
35 cycles of 30 sec melting at 94 °C, 1 min annealing at 50°C, and 1 min elongation at 72 °C with a final extension of
10 min at 72 °C. The reaction products were resolved by electrophoresis in 1.5 % agarose gels.

Viral DNA amplicons obtained by RT-PCR were extracted from agarose gels and sequenced bidirectionally. Sequences
were analyzed and compared using the DNASTAR Lasergene® v7.2 software package and TRSV strain bud blight
(GenBank accession no. U50869) and ToRSV strain raspberry (GenBank accession no. L19655) as reference strains.

Soil samples were collected from the root zone of blueberry bushes and analyzed for the occurrence of dagger
nematodes, which were identified based on morphological parameters (Lamberti et al., 2002) and counted under a
dissecting microscope at 40X magnification. Blueberry soil samples collected from the root zone of blueberry bushes
were used in cucumber baiting assays in a greenhouse.

Results

Decline and virus-like symptoms were observed in plantings of mature highbush blueberry cvs. ‘Patriot’ and ‘Bluecrop’
in New York in the spring of 2007. Symptoms in cultivar ‘Patriot’ consisted of a severely reduced vigor, shoot
defoliation, distorted leaves and chlorosis of apical leaves, vein clearing or mosaic. Some bushes also showed a top
dieback with poor blossom development or necrotic flower buds, and a few of them were dead. The decline symptoms
were observed throughout the planting of blueberry cv. ‘Patriot’. Symptoms in cultivar ‘Bluecrop’ consisted of mosaic
or dark reddish lesions on apical leaves and a general decline.

Preliminary DAS-ELISA results indicated the presence of Tomato ringspot virus (TRSV) and Tomato ringspot virus
(ToRSV) in a few leaf samples surveyed in the fall of 2007. Since these tests were run late in the season, an extensive
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survey was conducted in the spring of 2008 to confirm preliminary findings and determine the incidence of these two
virus species from the genus Nepovirus, family Comoviridae in every bush of the two blueberry plantings. Thirty-seven
of the 528 blueberry leaf samples (7 %), including 439 from cv. ‘Patriot’ and 89 from cv. ‘Bluecrop’, reacted positively
to TORSV (3 %, 17 of 528) or TRSV (4 %, 20 of 528) in DAS-ELISA. Nine ToRSV-infected samples were from Patriot
(2 %) and eight from Bluecrop (9 %); twelve Patriot (3 %) and eight Bluecrop (2 %) samples were infected with TRSV.
The two target viruses were found in symptomatic and asymptomatic blueberry bushes, suggesting no strict association
between virus detection by DAS-ELISA and symptom development. Seven soil samples from the Patriot planting and
three from the Bluecrop planting were tested for the presence of nematodes. Species identified were primarily
Pratylenchus spp., Helicotylenchus spp. and Hoplolaimus spp. but members of the Xiphinema americanum group were
also found. X. americanum populations varied from 40 to 280 per kg of soil collected and were all from the root zone of
Patriot bushes. Cucumber baiting assays with each of the four soil samples containing X. americanum demonstrated
transmission of TRSV or TORSV.

The presence of TRSV was confirmed by RT-PCR in blueberry leaf samples with amplification of a 320-bp DNA
fragment of the RNAZl-encoded RNA-dependent RNA polymerase (RdRp) using primers MF05-21-R (5’
CAATACGGTAAGTGCACACCCCG 3’) and MF05-22-F (5° CAGGGGCGTGAGTGGGGGCTC 3°). Similarly, the
presence of ToRSV was confirmed in blueberry leaf tissue by immunocapture RT-PCR and primers ToRSV-R (5’
CCACCACACTCCACCTACC 3’) and ToRSV-F (5 ACTTCTGAAGGCTACCCGTT 3’) to characterize a 585-bp
fragment of the RNA1-encoded RdRp gene.

The viral gene amplicons obtained by PCR-based assays from four TORSV and eleven TRSV isolates were sequenced.
A multiple sequence alignment of ToRSV isolates from blueberry characterized in this study and those available in
GenBank indicated 80.7-99.7 % and 90.2-99.5% sequence identity at the nucleotide (585 nts) and amino acid (194
residues) levels, respectively. Phylogenetic analyses showed a clustering of ToRSV isolates into three groups.
Notwithstanding, ToRSV haplotypes from blueberry did not group with corresponding haplotypes from other crops,
suggesting a genetic differentiation according to host. A multiple sequence alignment of TRSV isolates from blueberry
characterized in this study and those available in GenBank indicated 90.8-99.7 % and 91.4-100 % sequence identity at
the nucleotide (316 nts) and amino acid (105 residues) levels, respectively. Phylogenetic analyses inferred a clustering
of TRSV isolates into a single group.

Discussion

ToRSV and TRSV are known to occur in fruit crops in New York, including grapevines (Gilmer et al., 1970; Uyemoto
et al., 1977a) and Prunus spp. (Cummins and Gonsalves, 1986; Uyemoto et al., 1977b). ToRSV is also described in
Malus spp. (Rosenberger et al., 1989) but, to our knowledge, this is the first report on the occurrence of TRSV and
ToRSV in highbush blueberry in New York. In the USA, TRSV was reported in blueberry in Connecticut, Illinois,
Michigan, Arkansas, Oregon and New Jersey (Ramsdell, 1985a). Also, ToORSV was described in blueberry in Oregon,
Washington and Pennsylvania (Ramsdell, 1985b). The distribution of the two nepovirus species in the major blueberry
producing areas in the United States is likely explained by the use of noncertified planting material.

The infection rate of TRSV and ToRSV was low in apical leaves in spite of a severe degeneration in cv. ‘Patriot” and a
slow decline in cv. ‘Bluecrop’. Highbush Bluecrop is known to recover from TRSV infection (Lister et al., 1963). This
recovery phenomenon likely results from the manifestation of RNA silencing. Interestingly, a complete or partial
recovery of N. tabaccum and N. benthamiana from TRSV infection was described recently (Siddiqui et al., 2008) as
well as a recovery of N. benthamiana from ToRSV infection (Jovel et al., 2007). It is conceivable that RNA silencing
could be active in highbush blueberry cvs. ‘Patriot’ and ‘Bluecrop’ infected with TRSV or ToRSV, affecting systemic
spread, reducing virus titers in apical leaves, in spite of a marked decline. X. americanum, the nematode vector of
TRSV and ToRSV, was detected in the root zone of highbush blueberry cv. ‘Patriot’. Populations of X. americanum
were described in vineyards (Uyemoto et al., 1977a) and in apple, peach and cherry orchards (Molinari et al., 2004) in
New York. To our knowledge, this is the first report of the dagger nematode X. americanum senso lato in blueberry in
New York. The population density of X. americanum in the blueberry plantings surveyed in this study was low, but
similar to findings in other crops (Evans et al., 2004; Pinkerton et al., 2008). In spite of the low population density
detected, it is conceivable that X. americanum could contribute to the decline of highbush blueberry cvs. Patriot and
Bluecrop by feeding on actively growing rootlets, thus weakening the root system and affecting plant vigor.
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A new member of the family Reoviridae may contribute to severe crumbly fruit in red
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Abstract

A virus induced crumbly fruit disease of considerable importance in ‘Meeker’ and other cultivars of red raspberry has
been observed in northern Washington, USA, and British Columbia, Canada and to a lesser extent in the Willamette
Valley of Oregon. Raspberry bushy dwarf virus (RBDV), a pollen-borne virus, has been considered the causal agent of
the disease. However, dsRNA extractions from raspberry plants exhibiting severe crumbly fruit in northern Washington
revealed multiple bands in addition to those corresponding to RBDV (5.5kb and 2.2kb). Sequence analyses of these
dsRNAs showed the presence of two additional viruses. One has significant amino acid identity to proteins encoded by
Rice ragged stunt virus (RRSV), a ten-segmented dsRNA Oryzavirus that belongs to the family Reoviridae. Thus far,
all dsRNA segments, except the one that corresponds to S6 of RRSV, have been fully sequenced and found to have
characteristic features of other plant reoviruses genomes. In addition, Raspberry leaf mottle virus (RLMV), a recently
characterized member of the Closteroviridae, has also been identified from raspberries with severe crumbly fruit. These
findings along with the lack of severe crumbly fruit symptoms in ‘Meeker’ red raspberry singly infected with RBDV in
Oregon, suggest the existence of a novel virus complex associated with severe crumbly fruit in red raspberries. The
complex may involve RBDV, RLMV and/or this new reovirus, provisionally named Raspberry latent virus (RpLV).

Keywords: Raspberry crumbly fruit, Raspberry bushy dwarf virus, Raspberry leaf mottle virus, Raspberry leaf spot
virus, plant reoviruses.

Introduction

There are more than 40 viruses known to infect Rubus spp. a number of which have been described based on symptom
development, mode of transmission and particle morphology (Converse, 1987). Others are less well characterized and
based on symptoms caused on indicator plants. One of the viruses in this latter group, Raspberry leaf spot virus
(RLSV), has been reported as a component of Raspberry mosaic disease virus complex in Europe but not in North
America (Jones, 1982). Raspberry plants that tested negative for RBDV but exhibiting leaf mottling symptoms were
observed in production areas in Washington, USA and British Columbia, Canada. Leaf tissue from these symptomatic
plants was used for dsSRNA extractions and cloning. Partial sequence information obtained from cloning revealed the
presence of a new plant reovirus. Interestingly, primers made to detect the virus failed to detect RLSV in symptomatic
plants in Europe, suggesting that the symptoms observed in plants in North America were caused by a different virus
(Martin and Jelkmann, personal communication).

The above mentioned primers have been used as part of the routine virus testing program in raspberry plants in the
USA, to detect the virus that, mistakenly, has been referred to as RLSV. Hereafter, we will refer to this new virus as
Raspbery latent virus (RpLV), since it does not cause symptoms in several indicators and cultivars of Rubus in single
infections. Note that the RLSV in Europe has been shown to be a variant of Raspberry leaf mottle virus (RLMV)
(Tzanetakis et al., 2007) and thus, due to precedence in original description, RLMV should be the name used for these
viruses (See MacFarlane — these proceedings). Interestingly, raspberry plants showing severe crumbly fruit symptoms
from different fields in northern Washington have tested positive for RpLV and RLMV as well as for RBDV.
Raspberry bushy dwarf virus (RBDV), a pollen-borne Ideovirus, has been associated with crumbly fruit disease in most
red raspberry cultivars worldwide (Daubeny et al., 1982). With the finding that severely crumbly fruited ‘Meeker’
plants are infected with multiple viruses, the role of these additional viruses in crumbly fruit should be investigated in
other cultivars and other production areas. These findings, along with the lack of severe crumbly fruit in ‘Meeker’ red
raspberry singly infected with RBDV in Oregon, suggest a possible new virus complex associated with severe crumbly
fruit in the susceptible raspberry cultivar ‘Meeker’ and possibly other cultivars. The complete characterization of RpLV
is necessary to elucidate possible interactions with other common raspberry viruses and its implications in raspberry
diseases. This communication reports the partial characterization of RpLV, including dsRNA extractions, sequence
analyses, grafting onto indicators, and possible vectors.
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Materials and methods

Virus source: Root cuttings from symptomatic ‘Meeker’ raspberry plants were obtained from production fields in
northern Washington. The roots were planted, grown in one gallon pots and maintained in a greenhouse under standard
conditions.

Double-stranded RNA extraction: Twenty grams of fresh leaf tissue was powdered in liquid nitrogen. DSRNA was
extracted using phenol/STE buffer, and recovered by cellulose CF-11 chromatography, as previously described (Morris
and Dodds, 1979). The dsRNA was treated with ribonuclease T1 from Aspergillus oryzae (Sigma) and DNAse 1 from
bovine pancreas (Sigma) to remove single-stranded RNA and dsDNA, respectively. After the digestions the dsSRNAs
were again purified on CF-11 cellulose columns and precipitated with EtOH. The dsRNA was pelleted, dried and
separated by electrophoresis through 1% agarose gels stained with ethidium bromide and visualized under UV light. All
bands except the ones corresponding to RBDV (5.5kb and 2.2kb) and RLMV (17kb and 1.2kb) were gel extracted using
a DNA gel extraction kit (Genescript).

cDNA synthesis, cloning and sequencing: The reverse transcription (RT) reaction was primed with the universal
random primer 5’-GCCGGAGCTCTGCAGAATTCNNNNNN-3" (Froussard, 1992) and the methodology described by
Tzanetakis et al., (2005) was used. Briefly, a mixture containing the purified dsSRNA and primers was denatured with
CH3HgOH at room temperature for 30 min. Then, a second mix, containing reverse transcription buffer, DTT, dNTPs,
and Superscript 111 RT (Invitrogen) was added to the denaturant mix and incubated for 50 min at 50C. The reaction was
terminated by heating at 75C for 10 min. The RNA template was digested with RNAse H (Invitrogen), and then a PCR
reaction containing the anchor primer 5’-GCCGGAGCTCTGCAGAATTC-3'was carried out to amplify the cDNA
products. The PCR products were cloned into the TOPO TA vector (Invitrogen) and sequenced.

Genome assembly: The sequences were assembled into contigs using the assembly program CAP3, the contigs were
then compared to the database at NCBI GenBank using BLAST, which returned Rice ragged stunt virus (RRSV) as the
nearest relative. Contigs were aligned with RRSV and then specific primers were made to fill in the gaps. The 5’ and 3’
termini were obtained by poly (A) tailing of the 3’ ends of dsRNAs, as described (Isogai et al., 1998), followed by RT-
PCR using primers developed to known sequence near the ends and oligo dT. To confirm the last base, a 3" blocked
DNA oligonucleotide was ligated to both 3” ends of the dSRNAs followed by RT-PCR using its complementary primer
and specific primers for each end.

Grafting assays: Plants with single infections of RpLV or mixed infections (RLMV and RpLV) were grafted onto the
Rubus virus indicators ‘Norfolk Giant’, ‘Malling Landmark’ and ‘Munger’. Symptom development was monitored for
nine weeks.

Aphid transmission assays: The large raspberry aphid Amphorophora agathonica was tested for its ability to transmit
RpLV. This aphid is common in the main raspberry production areas in northern Washington where severe crumbly
fruit and RpLV are very common. Also, this aphid and RpLV are much less common in the Willamette Valley of
Oregon. Nonviruliferous A. agathonica were placed on an RpLV-infected ‘Meeker’ raspberry plant and allowed to feed
for two weeks. Then, approximately 60 aphids were transferred to a virus-tested *Meeker’ plant and allowed a 1.5 h
inoculation access period. Then the aphids were transferred serially to four additional healthy ‘Meeker’ plants and
allowed inoculation access times of 2.5 h, 8 h, 12 h, and 24 h, respectively. After each inoculation access feeding
period, six aphids were collected and tested for the presence of RpLV by RT-PCR. The aphid transmission test plants
were tested for RpLV 6, 10 and 14 weeks post-inoculation by RT-PCR.

Results

Double-stranded RNA (dsRNA): In addition to the bands corresponding to RBDV (5.5kb and 2.2kb) and RLMV (17kb
and 1.2kb) multiple bands were observed from crumbly-fruited raspberry plants when separated by electrophoresis on
agarose gels. These additional bands migrated between ~4kb and ~1100bp of the dSDNA marker (Figure 1).
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Fig. 1 DsRNA from symptomatic ‘Meeker’ plants
separated by electrophoresis (1% agarose gel).

Sequencing: Sequencing analyses showed significant amino acid identity to different proteins encoded by Rice ragged
stunt virus (RRSV). RRSV is a ten-segmented dsRNA Oryzavirus that belongs to the family Reoviridae. Terminal
sequences revealed that RpLV has the conserved sequences AGUU/A and GAAUAC at the 5’ and 3’ termini of each
RNA segment, respectively (Table 1).

Tab. 1 Conserved terminal sequences of RpLV
Genome segment 5’ terminus 3’ terminus
S1 AGUUUUA GCGAAUAC
S2 AGUUUAU GGGAAUAC
S3 AGUGAAA GCGAAUAC
S4 AGUUUUA GCGAAUAC
S5 AGUUUUU GUGAAUAC
S7 AGUAAAA GCGAUUAC
S8 AGUUUUA GCGAAUAC
S9 AGUUAAA GUGAAUAC
S10 AGUUAAA GCGAAUAC

In addition, each segment has an inverted repeat that consists of 6 to 8 nucleotides adjacent to the conserved region
(Figure 2). Thus far, nine dsRNA segments have been completely sequenced; the putative proteins encoded by each
segment are presented in table 2. The relatedness of RpLV to RRSV and other plant reoviruses is underway and
completion of the elucidation of the tenth genomic segment if it exists.
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Fig. 2 Inverted repeats of genome segments S1, S4, and S8 of RpLV. The positive sense strand is illustrated.
Regions adjacent to the conserved terminals are complementary.
Tab. 2 Putative proteins encoded by each genomic segment of RpLV based on amino acid identity to RRSV
RRSV Genome | Protein encoded | Raspberry latent Amino acid
seg (bp) by segment virus genome scoref/identity
(bp) (bits/%)
1(3849) Spike 3948 299/35
2 (3808) Structural 3650 251/27
3(3699) Structural 3566 229/29
4(3823) RdRp 3818 323/39
5(2682) Capping enzyme 2563 80/27
6 (2157) RNA-binding not detected unknown
7 (1938) Non structural 1936 79/26
8 (1814) Autocatalytic enz 1997 30/28
9 (1132) Spike 1141 62/24
10 (1162) Unknown 1205 58/23

Grafting: Grafting assays showed that indicators grafted with leaves from plants singly-infected with RpLV did not
exhibit symptoms; whereas plants containing mix infections with RLMV and RpLV developed symptoms when grafted

onto the raspberry virus indicator ‘Malling Landmark’ (Figure 3), but was symptomless in ‘Norfolk Giant’.

Fig. 3
Right: Leaf from plants grafted with RpLV and RLMV
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Aphid transmission assays: RpLV was detected by RT-PCR in the fourth plant in the serial transmission tests, which
had an inoculation access time of twelve hours. The virus was not detected after access feeds of 1.5, 2.5 and 8 hours and
nor was there any transmission after 12 hours. Interestingly, the aphids tested positive for RpLV by RT-PCR throughout
the transmission experiment. These experiments are being repeated as well as transmission tests with leafhoppers.

Discussion

The initial dSRNA extractions and limited sequence of RpLV was obtained from raspberry plants as early as 1988.
However, recent observations of plants affected with severe crumbly fruit and the presence of this virus along with
RLMV suggested that a virus complex may be responsible for the disease (Martin, personal communication).

Grafting assays suggest a possible synergistic effect of these two viruses when found in mix infections. It is believed,
that RpLV in conjunction with RLMV and RBDV may cause severe crumbly fruit in ‘Meeker’. This hypothesis will be
studied by real-time PCR, fruit quality and yield evaluations of plants with single or mix infections of all combinations
of the three viruses, RpLV, RLMV and RBDV.

Plant reoviruses possess terminal sequences, which are conserved at the genus level, and segment-specific inverted
repeats adjacent to the conserved termini (Kudo et al., 1991; Yan et al., 1992). Sequencing results of nine dsSRNA
segments obtained from symptomatic raspberry plants, show those characteristics. The first three nucleotides at the 5’
end (AGU) are similar to those of other reoviruses. However, the 3’ terminal of RpLV seems to be unique, which
indicates that the virus probably belongs to a new genus of the plant Reoviridae. Most viruses belonging to the family
Reoviridae contain 10-12 dsRNA genome segments (Mertens et al., 2005). Recently, a new reovirus isolated from the
mosquito Aedes pseudoscutellaris was found to have a genome comprised of 9 dsSRNA segments (Attoui et al., 2005).
Our sequence results indicate that RpLV may also have nine genome segments, although this is not definitive. One
additional experiment with ‘Deep Sequencing’ will be performed in an effort to identify a tenth genomic segment for
RpLV.

The high aphid populations in northern Washington, where severe crumbly fruit is more prevalent, prompted us to
conduct transmission assays with the common raspberry aphid Amphorophora agathonica, despite the fact that all
known plant reoviruses are transmitted by various species of leafhoppers. The result obtained from this preliminary
experiment is quite interesting. If reproducible, it would indicate that the virus is transmitted by aphids in a semi-
persistent manner since first several and the last serial transfers were negative. An alternative explanation could be that
A. agathonica is an inefficient vector of the RpLV. Experiments with leafhoppers as vectors are underway, as well as
repeating the aphid transmission tests.

At this time, the role of RpLV in severe crumbly fruit in red raspberry is unclear. Plants singly infected with RBDV,
RLMV, and RpLV, are being used to create mix infections in all possible combinations. These plants will be planted in
field experiments to study the impact of various virus combinations on fruit quality and yield, and also to study the
interaction between viruses using real time PCR.

Literature

Attoui, H.; Jaafar, F.; Belhouchet, M.; Biagini, P.; Cantaloube, J.; de Micco, P.; de Lamballerie, X.; 2005: Expansion of the
family Reoviridae to include nine-segmented dsRNA viruses: isolation and characterization of a new virus designated
Aedes pseudoscutellaris reovirus assigned to a proposed genus (Dinovernavirus). Virology 343:212-223.

Converse, R.H., 1987: Virus and virus-like diseases of Rubus (raspberry and blackberry). In: Converse, R.H. (Ed.): Virus
Diseases of Small Fruits. USDA ARS Agriculture Handbook No 631. 168-253. Washington, D.C.

Daubeny, H.; Freeman J.; Stace-Smith R.; 1982: Effects of raspberry bushy dwarf virus on yield and cane growth in
susceptible red raspberry cultivars. Hort Science 17:645-647.

Froussard, P.; 1992: A random-PCR method (rPCR) to construct whole cDNA library from low amounts of RNA. Nucl. Acids
Res, 20:2900.

Isogai, M.; Uyeda, |.; Hataya, T. 1998: An efficient cloning strategy

for a viral double-stranded RNA with an unknown sequence. Ann Phytopathol Soc Jpn 64:244-248.

Jones, A.T. 1982: Distinctions between three aphid-borne latent viruses of raspberry. Acta Hort. 129:41-48.

Kudo, H.; Uyeda, |.; Shikata, E.; 1991: Viruses in the Phytoreovirus genus of the Reoviridae family have the same conserved
terminal sequences. J. Gen. Virol. 72:2857-2866.

Mertens, P.; Attoui, H.; Duncan, R.; Dermody, T.; 2005: Reoviridae. In: C.M. Fauquet; M.A Mayo; J. Maniloff; U.
Desselberger; L.A. Ball (Eds.): Virus Taxonomy. Eighth Report of the International Committee on taxonomy of
Viruses. Elsevier/Academic Press., 447-454. London.

Morris, T.; Dodds, J.; 1979: Isolation and analysis of double-stranded RNA from virus infected-plant and fungal tissue.
Phytopathology 69:854.

22 Julius-Kuhn-Archiv, 427, 2010



21st International Conference on Virus and other Graft Transmissible Diseases of Fruit Crops

Tzanetakis, I.; Keller K.; Martin, R.; 2005: The use of reverse transcriptase for efficient first and second strand cDNA
synthesis from single and double-stranded RNA templates. J. Virol. Meth. 124:73-77.

Tzanetakis, I.; Halgren, A.; Mosier, N.; Martin, R.; 2007: Identification and characterization of Raspberry mottle virus, a
novel member of the Closteroviridae. Virus Res. 127:26-33.

Wolford, E.; 1967: Observations on the ‘Meeker’ raspberry for freezing and preserving. Proc. West. Wash. Hort. Assoc. 57,
69-70.

Yan, J.; Kudo, H.; Uyeda, I.; Lee, SY.; Shikata, E.; 1992: Conserved terminal sequences of Rice ragged stunt virus genomic
RNA. J. Gen. Virol.. 73:785-789.

Julius-Kuhn-Archiv, 427, 2010

23



21st International Conference on Virus and other Graft Transmissible Diseases of Fruit Crops

The biology of Cixius wagneri, the planthopper vector of ‘Candidatus Phlomobacter
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Abstract

«Candidatus Phlomobacter fragariae» is the prevalent agent of strawberry marginal chlorosis (SMC) and is transmitted
by the planthopper Cixius wagneri. Because the insect vector biology was unknown, a field experiment was set up to
determine if it was able to reproduce on strawberry plants, to determine the number of insect generations per year and
the ability of nymphs to transmit SMC. During spring 2004, 80 C. wagneri adults were delivered into 4 small insect-
proof tunnels containing 30 healthy plants. Fifteen percent of the delivered insect population were carrying the
pathogen. In October 2004, only 3 young L1 instar nymphs were found in the first tunnel, demonstrating there were no
new insect generations during the summer. In April 2005, 330 C. wagneri of early L1 to late L5 nymph instars were
collected at the roots of the plants,clearly indicating that a single insect generation had overwintered as larvae
andemerged at the following spring. All instars were shown to carry ‘Ca. P. fragariae’ (70 to 75 % of the larvae) and
were able to transmit SMC as assessed by transmission assays. An insecticide treatment was applied in March 2005 in a
third tunnel and a fourth tunnel was kept as a control. More than 120 C. wagneri adults were collected in the control
tunnel 4 in June 2005 confirming that an insect generation arose in the tunnel, whereas no insects could be found in the
treated tunnel 3. All plants were kept for two years, surveyed for symptom expression and tested for ‘Ca. P. fragariae’
infection by 16S-PCR. Results indicated a reduced mortality and SMC incidence in tunnel 3, and a higher mortality and
SMC incidence in tunnel 2 than in tunnel 1, attesting that C. wagneri larvae had spread SMC and that an early
insecticide treatment could control the disease.

Keywords: Phloem-restricted bacteria, planthopper, insect vector, Fragaria x ananassa

Introduction

Marginal chlorosis has affected strawberry production in France since the early eighties (Nourrisseau et al., 1993). A
phloem-restricted uncultured bacterium, “Candidatus Phlomobacter fragariae” is associated with the disease (Zreik et
al., 1998). A large survey conducted from 1996 to 2001 for marginal chlorosis in French strawberry production fields
and nurseries revealed that symptoms of SMC were most frequently induced by “Ca P. fragariae” in strawberry
production tunnels but that the stolbur phytoplasma could also cause SMC in nurseries (Danet et al., 2003). Whereas
the transmission of stolbur phytoplasma to strawberry plants is certainly achieved by its main planthopper vector
Hyalesthes obsoletus (Fos et al., 1992), «Ca. P. fragariae» is transmitted in production tunnels by the planthopper
Cixius wagneri (Danet et al., 2003). To investigate the ability of C. wagneri to grow in strawberry production tunnels
and of C. wagneri larvae to transmit «Ca. P. fragariae », we intended to establish infectious C. wagneri populations in
insect-proof mini-tunnels and recover infectious C. wagneri nymphs. The efficiency of an early insecticide treatment to
reduce insect vector population and disease spread was also evaluated.

Material and methods

Design of tunnel experiments:Four small insect-proof tunnels were installed in April 2004 in a 6 meter wide plastic
tunnel under normal production conditions. Each tunnel contained 30 healthy strawberry plants of the cultivar ‘Cijosée’.
In May and June 2004, C. wagneri were captured in organic tunnels and groups of insects were introduced, with an
equal sex ratio, into the 4 insect-proof mini-tunnels. A total of 80 insects were introduced in each tunnel. Twenty
insects, representative of the collected population were kept for “Ca P. fragariae” detection. After a period of 4 months
(Tunnel 1, October 2004), 10 months (Tunnel 2, April 2005) and 12 months (Tunnel 3 and 4, June 2005), insects were
collected using D-Vac aspiration, and plants were pulled out and their root system and surrounding soil examined for
the presence of C. wagneri larvae. Finally, plants were planted in individual pots, sprayed with insecticide and kept in a
greenhouse for 18 months. Mortality and symptoms were recorded after 12 and 18 months. Plants were submitted to
“Ca. P. fragariae” detection after 12 months of incubation. Tunnel 3, received a single insecticide treatment with
endosulfan (organochlorine) in March 2005.
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“Ca. P. fragariae” transmission assays: C. wagneri larvae collected in tunnel 2 in April 2005 were caged on a healthy
strawberry plant in groups of 10 (L1-L2 larvae) or 20 (L3, L4-L5 larvae) until all insects died. Plants were then kept in
the greenhouse, examined for SMC symptoms and PCR tested for “Ca. P. fragariae” infection.

“Ca. p. fragariae” detection in plants and insects: Nucleic acids were extracted from strawberry plants and from
individual insects as described previously (Maixner et al., 1995). Primers

Frad (5° CTCCTCTGTCTCTAAAGG-3’) and Fra5 (5’-AGCAATTGACATTAGCGA-3’)

from the 16S rDNA sequence of “Ca. P. fragariae” were used for the amplification of DNA extracted from strawberry
plants under the following conditions: 35 cycles of 1 min at 92 °C, 1 min at 52 °C, and 1 min at 72 °C (Zreik et al.,
1998). The amplified DNA was visualized under UV light after electrophoresis on 1 % agarose gels stained with
ethidium bromide. Spot-PCR was carried out for “Ca. P. fragariae” detection in C. wagneri as previously described
(Foissac et al., 2000).

Results

Fifteen percent of the C. wagneri population introduced into the small tunnels was infected with “Ca P. fragariae” as
revealed by Spot-PCR detection performed on 20 individuals randomly selected from the collected populations. In
October 2004, only 3 larvae of early development stage L1 and an old adult were found at the upper part of the root
system. Therefore no C. wagneri summer generation had emerged at fall. In April 2005, 80 larvae of early L1-L2
stages, 110 larvae of L3 stages and 140 larvae of late L4-L5 stages were collected on the soil just under the plastic
cover. This result indicated that a single C. wagneri generation is overwintering as eggs or young larvae and is
emerging at spring under the production tunnel. Infectivity of insects was assessed by transmission assays to strawberry
plants. Six of the 8 plants caged with 10 larvae of stages L1-L2 developed SMC after 6 months and 7 out of 8 tested
positive for “Ca P. fragariae” infection. Similarly, 5 plants out of 6 that had been caged with 20 L3 larvae finally
developed SMC and were infected by “Ca P. fragariae”. All the 6 plants caged with 20 L4-L5 larvae developed SMC
and were infected by “Ca P. fragariae”. Insects dead during the transmission period were collected and submitted to
“Ca P. fragariae” PCR detection. It revealed that 70 % of the L3-L4 larvae (developed from L1 & L2), 75 % of L4-L5
larvae (developed from L3) and 19 % of adults (developed from L4 & L5) were infected with “Ca. P. fragariae”.

In June 2005, no C. wagneri could be found in the insecticide-treated tunnel 3, whereas 120 C. wagneri adults were
captured in the untreated Tunnel 4. This confirmed that C. wagneri can reproduce and develop on strawberry plants
under production conditions and that an early insecticide treatment can control C. wagneri population. In June 2006, 9
plants of the 30 plants of tunnel 3 tested positive for “Ca P. fragariae” infection and only 3 % of the plants died after 18
months, while 17 plants of the 30 plants of the control tunnel 4 tested positive for “Ca P. fragariae” infection and 50 %
died after 18 months.

Discussion

In conclusion, the planthopper C. wagneri reproduces on strawberry plants under tunnels in the French strawberry
production system. As C. wagneri is the vector of “Ca. P. fragariae”, one of the bacterial agents of SMC, its ability to
multiply on strawberry plants explain the epidemic spread of SMC on the crop. One insect generation occured per year
and insects overwintered as larvae on plant roots under their plastic covers. Larvae of early stages were infectious and
could efficiently transmit the disease. The high proportion of larvae infected by “Ca. P. fragariae” was certainly due to
the acquisition of the proteobacterium during winter when larvae were feeding on the roots of the infected strawberry
plants. However, we cannot exclude the possibility of transovarial transmission of “Ca. P. fragariae” by infected
females to their progeny. It was also shown that a single insecticide treatment targeting the nymphal stage efficiently
reduces the insect population and disease spread. Other means such as biological control of the insect vector should also
be investigated in order to provide alternative measures compatible with integrated pest management.
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Abstract

PCR tests were adopted from international, peer-reviewed literature and developed for the detection of Strawberry
mottle sadwavirus (SMoV), Strawberry crinkle cytorhabdovirus (SCV), Strawberry mild yellow edge potexvirus
(SMYEV), Strawberry vein banding caulimovirus (SVBV), Beet pseudos yellows crinivirus (BPYV), and Strawberry
pallidosis associated crinivirus (SPaV) in Victoria, Australia. The PCR tests were applied to 23 positive control plants
infected with one or more viruses and these plants have been tested monthly from May 2005 to April 2007. Our results
have indicated that the viruses were most reliably detected by PCR during May-October. In November, December and
January of each year a decline in the number of positive PCR results for BPYV, SVBV and SPaV was observed.
Twelve positive control plants maintained at the AQIS post entry quarantine screenhouse at Knoxfield, Victoria, and
also infected with one or more viruses, were tested monthly from August 2006 to April 2007. A similar decline in the
ability to detect SMoV, SVBV and SPaV in the AQIS positive control plants was observed in 2006/07 and November
was the least reliable month for detection of strawberry viruses in these plants. These results indicate that spring and
autumn may be the optimal times for PCR detection of strawberry viruses in south east Australia.

Keywords: Strawberry mottle sadwavirus; Strawberry crinkle cytorhabdovirus; Strawberry mild yellow edge
potexvirus; Strawberry vein banding caulimovirus; Beet pseudos yellows crinivirus; Strawberry pallidosis associated
crinivirus; detection; polymerase chain reaction; PCR; certification

Introduction

In Australia certified strawberry runners are supplied through the Victorian Strawberry Certification Authority (VSICA)
and the Queensland Strawberry Runner Certification Scheme. The strawberry runners are certified on the basis of the
high health status of nucleus collections, which are held by each scheme and are indexed annually for the major fungal,
bacterial and virus-associated diseases of strawberries known to occur in Australia. These pathogen tested schemes have
been operational in Australia for over 40 years and have contributed greatly to increased yields for strawberry growers
due to the exclusion of these pathogens from industry and the ongoing supply of high health planting material. Both
nucleus collections are tested annually in spring for virus-associated diseases including: Strawberry mild yellow edge,
Strawberry mottle, Strawberry crinkle, Strawberry vein banding and Pallidosis. Each of these diseases is associated with
one or more viruses for which they are tested via the biological indexing method of petiole grafting onto sensitive
indicator species (Frazier, 1974; Converse, 1987). While this method is reliable and sensitive, it is labour intensive,
expensive, time consuming (takes 6-8 weeks to return a result) and can only be reliably done in the spring and early
summer months of each year. Plants are also tested for Strawberry necrotic shock virus (SNSV, formally thought to be a
strain of Tobacco streak virus, TSV) using herbaceous indexing. Recent advances in molecular techniques have been
published overseas for the detection of most of the viruses that infect strawberry plants. Molecular indexing via the
polymerase chain reaction (PCR) offers the Australian strawberry industry a more rapid and cost effective method of
indexing the strawberry nucleus collection. PCR returns a diagnosis in 1-2 days resulting in a much reduced cost to
industry for the annual indexing of the nucleus collection. Detection of plant pathogens can be influenced by changes in
season, associated with environmental changes such as temperature and/or with physiological changes in the plant (Dal
Zotto et al., 1999; Heleguera et al., 2001; Posthuma et al., 2002; Tzanetakis et al., 2004a). These changes may have a
direct effect on pathogen concentration or on the presence of plant compounds which can inhibit enzymes used in
molecular detection when co-extracted with nucleic acid.

To determine if such variation exists for the detection of strawberry viruses in Australia we tested 23 positive virus
infected strawberry plants each month during two years and an additional 12 plants during nine months for Strawberry
mild yellow edge virus (SMYEV), Strawberry crinkle virus (SCV), Strawberry mottle virus (SMoV), Strawberry vein
banding virus (SVBV), Strawberry pallidosis associated virus (SPaV) and Beet pseudos yellows virus (BPYV).
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Materials and methods

Sampling: Twenty three strawberry plants containing one or a combination of SMYEV, SCV, SMoV, SVBYV, SPaV,
SNSV and BPYV were maintained during 24 months in a glass house at 24°C and normal day length. Every month
from May 2005 until April 2007, 2-3 leaves, with petioles, were collected from each plant for virus testing. Plants were
not tested in July 2006. In addition 12 strawberry plants containing one or a combination of the same viruses were
maintained in a screen house in the Australian Quarantine Inspection Service (AQIS) post entry quarantine (PEQ)
screenhouse located at Knoxfield, Victoria. Every month from August 2006 until April 2007, 2-3 leaves, with petioles,
were collected from each AQIS plant for virus testing.

Nucleic acid extraction: RNA was extracted from 0.3g of infected strawberry plant material using the RNeasy® Plant
Mini Kit (QIAGEN Pty Ltd, Doncaster, VIC Australia) as described previously (MacKenzie et al., 1997).

Pathogen primers: Table 1 lists the PCR primers used for each test, their orientation, the annealing temperature for each
primer pair, the expected size of the product and the reference from which the primer sequence was sourced. The final
concentration for each pathogen primer for all one step RT-PCRs was 0.4 uM.

Tab. 1 List of viruses that were tested for using PCR techniques, the primers used and the associated annealing temperature,
the genomic region of the virus that was amplified, the expected PCR product size and reference cited for each test.
Expected
Orien- Region product- Refe-
Pathogen Primer name tation  Primer sequence (5’-3°) m amplified size rence
NADH
Housekeeping  AtropaNad2.1la F GGACTCCTGACGTATACGAAGGATC 55°C dehydrogenas 188 1
gene AtropaNad2.2b R AGCAATGAGATTCCCCAATATCAT e ND2 P
subunit
Beet pseudo BP CPm F F TTCATATTAAGGATGCGCAGA 55°C  Coat protein 334pb 2
yellows virus BP CPmR R TGAAAGATGTCCACTAATGATA
Strawberry SCVdeta F CATTGGTGGCAGACCCATCA 60°C  Polymerase 345bp 3
crinkle virus SCVdeth R TTCAGGACCTATTTGATGACA
Strawb!
morle ™ SmoVdeta F TAAGCGACCACGACTGTGACAAAG sorc  Non-coding 219 .
virus SMoVdeth R TCTTGGGCTTGGATCGTCACCTG region P
Strawberry SYEupstcnla E CCGCTGCAGTTGTAGGGTA
mild yellow SYEP‘c))I 'IPb R TTTTTTTTTTTTTTTAAGAAAAAGAAA 50°C Coat protein 913bp 5
edge Yy AACAAAC
Strawberry
: H SVBVdeta F AGTAAGACTGTTGGTAATGCCA o .
xier'SSba”d'"g SVBVdeth R TTTCTCCATGTAGGCTTTGA 55°C  Coatprotein  422bp 6
Strawberry SP44F F GTGTCCAGTTATGCTAGTC Heat shock
pallidosis SP44R R TAGCTGACTCATCAATAGTG 52°C  protein 70 517bp 7
virus CP5’ F AGCTAGAACAAGGCAAGTC homolog
CPn731R R GCCAATTGACTGACATTGAAG 52°C  Coat protein 752bp 8
Strawberry
. SNSV CPbeg F F GAGTATTTCTGTAGTGAATTCTTGGA o .
Trorone SNSV CPend R R ATTATTCTTAATGTGAGGCAACTCG 55°C  Coatprotein  823bp 9

Thompson et al., 2003; *Tzanetakis et al., 2003; *Thompson et al., 2003; “Thompson et al., 2003; “Thompson and Jelkmann 2004;
®Thompson et al., 2003; "Tzanetakis et al., 2004a; ®Tzanetakis et al., 2004a; *Tzanetakis et al., 2004b

One step RT-PCR: The SuperScript™ One-Step RT-PCR System (Invitrogen) was also used for detection of viruses
and used for the detection of NAD mRNA. One step RT-PCR was done according to the manufacturer’s instructions
except the total reaction volume was 25 pl. Cycling conditions consisted of an initial denaturation step at 94 °C for 2
min, followed by 35 cycles at denaturing at 94 °C for 1 min, annealing for 40 s at the appropriate temperature for each
primer pair (see table 1), elongation at 72 °C for 40 s and a final elongation step at 72 °C for 5 min.

Gel electrophoresis: After amplification, 10 ul from each PCR reaction was subjected to electrophoresis in a 1 %
agarose gel using 0.5 x TBE (0.045 M Tris-borate, 1. mM EDTA, pH 8.0) running buffer. Products were stained with
ethidium bromide that was incorporated in the gel and visualized by UV transillumination. Water controls, in which no
nucleic acid was added to the PCR mix, were also included. DNA markers used were DNA Molecular Weight Marker
X (Roche Diagnostics).

Weather data: Average monthly maximum and minimum temperatures for each month from May 2005 until July 2007
were obtained form the Bureau of Meteorology for the Scoresby weather station, which is located at DPI, Knoxfield.
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Results

Strawberry crinkle virus: Four of the 23 positive control plants maintained in the glasshouse tested positive for SCV at
least once during the 23 months of testing and the maximum number of SCV positives at any one sampling time was
two. At least one of each plant tested positive in each month except August 2006 and December 2006 (Figure 1a). In
July, September and October in 2005 and February, May and September 2005 SCV was detected in 2/4 plants. In the
remaining months SCV was only detected in one plant. Two of the four plants in which SCV was detected were
positive in 11 and 12 months of the 23 months of testing. The remaining two plants each tested positive on two
occasions, in July and October 2005. None of the positive control plants maintained in the AQIS PEQ screen house
tested positive for SCV.

Strawberry vein banding virus: Twenty of the 23 positive control plants from the glasshouse tested positive for SVBV
during the 23 months of testing. At least one plant tested positive in all months except in November and December
2005 and in February 2007. In each year the greatest number of positive plants occurred in winter and 10-11 plants
were positive in June-August 2005 and 12 and 14 plants were positive in May and June 2006 respectively (Figure 1b),
indicating that the PCR test had a 50-75 % efficiency for detection. In spring the number of SVBV positive plants
decreased. Five of the plants tested positive once for SVBV and this did not occur in the same month. Nine of the
SVBV-infected plants were positive in 13-18 of the 23 months in which they were tested. Six plants were positive in 2-
6 of the 23 months in which they were tested. All of the plants maintained in AQIS tested positive for SVBV during the
nine months they were tested. The largest number of positive plants (9/12) was obtained in September 2006 (Figure 2a).
The number of positive plants then decreased and SVBV was not detected in November 2006.

Strawberry mottle virus: SMoV was only detected in 3/23 plants maintained in the glasshouse and was infrequently
detected. SMoV was only detected in May and October 2005, May 2006 and March 2007. One plant tested positive on
two separate occasions (May 2006 and March 2007). It is possible that the primers for SMoV are unreliable with our
isolate due to variation at the primer binding sites. It may also be that SMoV does not replicate well under the
glasshouse conditions in which it was maintained and titres were too low for reliable detection. SMoV was detected in
8/12 of the plants maintained in the AQIS PEQ screenhouse. Four plants tested positive in 5-8 months of the nine
month testing period and four plants only tested positive once. The largest number of positive plants was obtained in
March 2007, when 5/8 (63 %) SMoV infected plants tested positive (Figure 2b). SMoV was not detected in November
2006.

Beet pseudos yellows virus: BPYV was detected in 15/23 plants and 12/15 plants were positive in 10-16 months of the
24 month testing period. Two plants tested positive on two and five occasions each and one plant tested positive once.
The largest number of positive results was obtained in May and August 2005 and May and September 2006 when 12-13
of the 15 plants (80-87 %) tested positive (Figure 1c). BPYV was not detected in any plant in November 2005 or
January and February 2007. BPY'V was not detected in the AQIS positive control plants.

Strawberry mild yellow edge virus: Two primer pairs were used for detection of SMYEV. Initial sequencing of the PCR
product generated by the SMYEVdeta/ SMYEVdetb primer pair and screening of the positive control plants using this
primer pair indicated that they were specific for SMYEV detection. However, during many of the first 12 months of
testing PCR products similar to the expected size for SMYEV were generated in all plants, which was unexpected.
Cloning and sequencing of this PCR products from three plants suggested that they were associated with plant nucleic
acid and this primer pair was not used for the remainder of the experiment. Consequently the SYEupstcpla/SYEPolyTh
primers (Thompson and Jelkmann, 2004) were trialled for detection of SMYEV. This primer pair did not generate false
positive results and was used to test all samples during the 24 month testing period. SMYEV was only detected in 3/24
plants using the SYEupstcpla/SYEPolyTh primer pair. All three plants tested positive in August 2005 and only one
plant tested positive again in April 2007. SMYEV was not detected in the AQIS positive control plants and SMYEV
may not have been present in these plants. It is possible that the SYEupstcpla/SYEPolyTb primers did not detect
isolates of SMYEV in the AQIS or DPI plants due to genetic variation at the primer binding sites.

Strawberry pallidosis virus: SPaV was detected in all 23 positive control plants by both primer pairs used for detection.
However, variation in the reliability of detection was observed between the two primer pairs, but neither primer pair
was consistently more reliable than the other (Figure 1d). When the results of both primer pairs are combined SPaV was
most reliably detected in September in 2005 (20/23 plants) and 2006 (21/23 plants). In both years detection of SPaV
was unpredictable in most other months. SPaV was detected in eight of the PEQ plants using the CP5’/CPn731R primer
pair and in nine plants using the SP 44 F/SP 44 R primer pair. When the results of both primers pairs are combined
SPaV was most reliably detected in August (8/9 plants) and September 2006 (8/9 plants), after which a reduction in the
number of positive plants occurred and detection between the two primer pairs was variable (Figure 2c).
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The number of DPI virus positive plants in which viruses were detected during 24 months from May 2005

until April 2007. (a) Strawberry crinkle virus (SCV): SCV was detected in a total of 4 plants;

Fig. 1

(b) Strawberry vein banding virus (SVBV): SVBV was detected in a total of 20 plants; (c) Beet pseudos

yellows virus (BPYV): BPYV was detected in a total of 15 plants; (d) Strawberry pallidosis associated

virus (SPaV): SPaV was detected in 23 plants using the SP 44 F/R primers and the CP5’/CPn731R primers.

Plants were not tested in July 2006.
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Fig. 2 The number of AQIS virus positive plants in which viruses were detected during 9 months from August

2006 until April 2007. (a) Strawberry vein banding virus (SVBV): was SVBV was detected in a total of 12
plants; (b) Strawberry mottle virus (SMoV): SMoV was detected in a total of 8 plants; (c) Strawberry
pallidosis associated virus (SPaV): SPaV was detected in SPaV was detected in nine plants with the SP 44
F/R primers and in eight plants with the CP5’/CPn731R primers.
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Weather data: The average minimum and maximum temperatures observed for each month from May 2005 until July
2007 were compared (Figure 3). In October, November and December 2005, when a greater decline in the detection of
strawberry viruses was observed, the average monthly minimum temperatures were 3.1 °C, 2 °C and 1.2 °C warmer
than in the same months in 2006 and the average monthly minimum temperatures were 0.7 °C cooler in October, 0.9 °C
warmer in November and the same in December in 2006. The average maximum temperatures, for all years, in August
and September were 15 °C and 18 °C respectively and 27 °C for December and January. The average minimum
temperatures, for all years, in August and September were 7 °C and 8 °C respectively, and 11 °C and 14 °C for
December and January respectively.
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Fig. 3 The mean monthly (a) maximum and (b) minimum air temperatures at Knoxfield for 2005, 2006 and 2007.
Discussion

The PCR tests that were developed have been applied to strawberry plants infected with one or more viruses and these
plants have been tested monthly since May 2005. The PCR results suggest that spring or autumn may be ideal times for
virus detection by PCR in strawberry plants in south east Australia. Although positive results can be obtained during
winter for each virus using the PCR tests that were developed, winter is not suitable for virus testing for certification in
south east Australia because mother plants destined for the nucleus collection are placed in cold storage to induce
dormancy and meet chilling requirements there is no material available.
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In November, December and January of each year a decline in the number of positive PCR results for SPaV, SVBV and
SPaV was observed. November was the least reliable month for detection of strawberry viruses in these plants. The
number of positive results obtained from the positive control plants for SPaV, SVBV and BPYV began to increase
again from to April in each year. These results indicate that there is a seasonal effect on detection of some viruses in
strawberries and it is possible that the seasonal effect was related to the higher temperatures that were observed in
summer compared to spring and autumn, however the mechanism of this effect is not understood.

The decline in the number of positive results for SPaV, BPYV and SVBYV in the DPI plants in Spring 2006 was not as
marked as in Spring 2005, indicating that there may also be changes in the seasonal trend for detection from year to
year, even under glasshouse conditions. This could be due to climatic differences from year to year affecting plant
physiology and/or virus titre. Although the DPI positive control plants were maintained in a glasshouse the temperature
control is unreliable and fluctuates with outside air temperature. It is possible that the greater drop in virus detection in
November and December in 2005, compared to the same months in 2006, was due to the slightly warmer minimum
temperatures observed during this time, which were between 1-3 °C warmer in 2005 compared to 2006. It is possible
that temperature could influence virus replication directly or indirectly via an influence on plant physiology and change
the rate of replication and titre, however, no work has been done yet to support this hypothesis.

SCV was detected in 4/23 DPI plants and SMYEV was detected 3/23 DPI plants and neither virus was detected in the
AQIS positive control plants. Based on the small number of infected plants, we cannot conclude which time of year is
best for detection of these two viruses.

At other times of the year the number of positives fluctuated from month to month. This inconsistency of positive
results for some viruses may have been due to uneven titre or location of the strawberry viruses within the host plant
and changes in the way plants are sampled (e.g. sampling more leaves) might reduce the risk of false negative results.

A 100 % efficiency of detection by PCR was rarely obtained for any of the viruses at any time of the year. The lower
efficiency may have been due to environmental factors affecting virus titre at each sampling period. It is also possible
that uneven distribution of the viruses in the plant may have affected PCR efficiency and that sampling techniques need
to be improved. Improved extraction techniques, to reduce the amount of co-extracted compounds that can inhibit PCR
may also improve the efficiency of the PCR tests. It is possible that strain variation of viruses occur within a plant and
between plants and that some strains may be less efficiently detected by the PCR tests due to sequence differences at the
primer binding sites. It is also possible that these variants may respond differently to environmental factors affecting
virus and strain titre at each sampling period. Further work to determine the strain variation within the virus species
found in Australian strawberry plants is required. In the meantime, we recommend that plants are tested at least twice
per year, in spring and in autumn when the highest number of positive results were obtained, to improve that chance of
detection by PCR.

The high proportion of SPaV and BPYV in the DPI positive control plants is not unexpected as these viruses are
transmitted by greenhouse whitefly (Duffus, 1965; Tzanetakis et al., 2004c), which has occurred sporadically in the DPI
glasshouse. It is interesting to note that BPYV was not detected in the AQIS plants. It is possible that the presence of
this virus in the DPI plants was due to their exposure to another source of BPYV from a different host plant species to
which the AQIS plants were not exposed. However it is also possible that strain variation contributed to false negative
results in the AQIS plants and it may be useful to trial other primers for the detection of BPYV in strawberries.

The results generated by the RT-PCR tests for SPaV, when they were compared with each other, were variable
throughout the two years and in many months some plants tested positive with one test but not the other. However
neither test was more reliable than the other over the entire 24 months. As a consequence both primer pairs should be
used for detection of SPaV, until an improved RT-PCR test is developed. The reason for the unpredictability of
detection between the two primers pairs is unknown. It is possible that the variation is a reflection of a change in the
population of strains of the virus in the plant hosts that can be detected by each primer pair. More work will be done to
determine the extent of variation in Australian SPaV isolates and the effect on detection by PCR.

Currently, before certification can be granted for a new variety, three years of negative biological indexing results must
occur. The new variety is then incorporated into the nucleus stock, which continues to be tested annually. The increased
sensitivity of PCR may allow for the reliable detection of pathogens during spring and autumn and could lead to several
tests being conducted within the one season, resulting in the early detection of virus infected plants. PCR techniques
will also assist the screening of plants during post-entry quarantine and during virus eradication procedures by quickly
identifying infected plants, which can be discarded, and investing in the “likely” uninfected plants which would still
undergo biological indexing. This will result in a reduced cost to importers of new varieties and to the Australian
strawberry certification schemes and breeders. This will also give strawberry fruit growers a competitive edge in local
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and overseas markets and ensure that the industry has the fastest possible access to new popular varieties without
compromising plant health. Based on our results we recommend PCR should be used to identify or confirm virus
infected plants and assist the interpretation of symptoms on biological indicators. However, our results indicate that
virus titres and distribution may fluctuate throughout the season and that the distribution of virus within the plant maybe
uneven, consequently virus infection may at times fall below levels that are detectable by PCR. The seasonal fluctuation
of virus titre and distribution may also affect the reliability of the biological indexing, and we have experiments
underway to examine this possibility. Our results also suggest the possibility that strain variation within a viral species
may influence detection by PCR. Therefore we recommend that PCR testing for virus detection be used in combination
with biological indexing during three years to certify new accessions as “high health planting material”.
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Detection of phloem restricted bacteria responsible for strawberry marginal chlorosis
(SMC) by real-time PCR in a single assay
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Abstract

Two uncultured phloem restricted plant pathogens, the y3 proteobacterium «Candidatus Phlomobacter fragariae » and
the stolbur phytoplasma (group 16SrXII-A) are associated with strawberry marginal chlorosis (SMC) in France. As
“Ca. P. fragariae” and stolbur phytoplasma induce identical symptoms, the only way to identify the pathogen infecting
a given diseased plant is to perform conventional PCR assays. Because using two PCR techniques for detecting
separately each of the two bacteria is time consuming and because specificity and sensitivity of the detection test
needed to be improved, a new approach using triplex real time PCR was developed for the routine detection of “Ca. P.
fragariae “ and stolbur phytoplasma. The real time PCR has the advantage of being faster reduces the risks of
producing false positives. Furthermore, real-time PCR techniques provide the possibility of multiplexing by using
probes with different compatible fluorescent dyes. Here, we present a new sensitive Tagman® method which permits
the simultaneous amplification of three DNA targets in one test: the map gene of stolbur phytoplasma, the spoT gene of
“Ca. P. fragariae” and the cox gene of strawberry chloroplast taken as an internal control. The specificity and the
efficiency of this method were determined.

Keywords: Strawberry Marginal Chlorosis, Triplex tagman® PCR ,Candidatus Phlomobacter fragariae, stolbur
phytoplasma.

Introduction

During a survey of the French strawberry production carried out from 1996 to 2001, using conventional PCR detection
methods, we showed that marginal chlorosis symptoms could be induced by two different pathogens: “Ca. P. fragariae”
and the stolbur phytoplasma. “Ca. P. fragariae” predominated in French strawberry production fields whereas stolbur
phytoplasma was prevalent in nurseries (Danet et al., 2003). However, it was later shown that the 16S-rDNA PCR used
for the detection of “Ca. P. fragariae” also detected the proteobacterium associated to the Syndrome “Basses
Richesses” of sugar beet (SBRp) (Gatineau et al., 2002). In addition, SBRp was recently detected in strawberry plants
affected by SMC in northern ltaly (Terlizzi et al., 2007) and a new phytoplasma “Candidatus Phytoplasma fragariae”
that belongs to the same taxonomic group as stolbur phytoplasma had been detected in Lithuania on yellowing
strawberry plants (Valiunas et al., 2006). As the 16S primers used for the detection of stolbur phytoplasma are
conserved in the 16S-rDNA of ‘Ca. Phytoplasma fragariae’, the PCR assay is expected to detect both phytoplasma
species. It was therefore decided to develop a new detection test aimed to be more specific for stolbur phytoplasma and
“Ca. Phlomobacter fragariae’. Triplex real-time PCR was preferred in order to gain sensitivity and perform the
simultaneous detection of the two bacteria as well as an endogenous plant analytical control.

Materials and methods

Plant material: Healthy strawberry plants (Fragaria x ananassa Dutch) were produced by meristem tip culture and in
vitro propagation and maintained as a control in a greenhouse. Strawberry plants infected with “Ca. P. fragariae” or
with stolbur phytoplasma were collected in strawberry production fields or nurseries.

Insect DNA extract: The origin of DNA extracts of insects, carrying proteobacteria related to “Ca. P. fragariae” and
used to evaluate triplex Tagman specificity for “Ca. P. fragariae”, have been described by Salar et al. (2009). These
extracts consist of DNA of Pentastiridius leporinus infected by SBRp, DNAs of Trialeurodes vaporarorium,
Diaphorina citri, Conomelus anceps and Mocydia crocea.

Plant DNA extraction: Petioles of the most symptomatic leaves were detached with a razor blade and washed with
water. Total DNA of one gram of petioles was extracted using cethyl-trimethyl-ammonium bromide (CTAB) (Maixner
et al., 1995). The final total DNA pellet was resuspended in 100 pl of TE buffer (10 mM Tris, 1 mM EDTA, pH 7.6).
DNA from healthy plants was also extracted as negative control.
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Design of oligonucleotides and probes: Primers and TagMan® LNA probes used for triplex real-time PCR are detailed
in Table 1. They were designed using the “beacon designer” software version 5.1. The primers and probe for stolbur
phytoplasma were described in a previous work (Pelletier et al., 2009), except that the probe has been modified by LNA
(Locked Nucleic Acid) bases (Braasch and Corey, 2001) and extended by 4 bases at the 5 end. The probe was 5’
labelled with VIC™ reporter dye. The amplified fragment was 72bp long. Primers and probe for “Ca. P. fragariae”
were determined by comparing the spoT gene sequences of 5 reference bacteria, the SBRp, the Trialeurodes
vaporarorium proteobacterium, the Diaphorina citri proteobacterium, the Conomelus anceps proteobacterium, and the
Mocydia crocea proteobacterium (respectiveGenbank accession number FM992680, FM992677, FM992682,
FM992678, FM9926679). The probe was 5’ labelled with FAM™ reporter dye. The amplified fragment was 75 bp
long. Primers and probe sequences for the amplification of the endogenous control (EC) were determined on the basis
of the alignment of cox genes of 10 plant species : Solanum tuberosum, S. lycopersicum, Pisum sativum, Brassica
juncea, Oenothera berteroana, Populus tremuloides, Beta vulgaris, Oryza vulgaris and Zea mays (respective Genbank
accession numbers X83206, X54738, AF338446, X14409, AY300014, X05465, U77623, DQ381450, X15990 and
AF542203). The probe was 5’ labelled with TEXAS RED ™ reporter dye. The amplified fragment was 81 bp long. All
probes were 3’ labelled with a non-fluorescent quencher (BHQ).

Tab. 1 Primer and probe sequences for simultaneous detection of “Ca. P. fragariae”, stolbur phytoplama and a plant
endogenous control by real-time PCR.

Name Target Sequence 5’— 3’
Coxfrag-F Plant CGTCGCATTCCAGATTATTCC
Coxfrag-R mitochondrial CCCAACTACGGATATATAAGAGC
Coxfrag-TexasRed-LNA COX gene TEXAS RED-AAAL*TGCZ*AAGGGCATTCCA-BHQ-2
MapStol-F Stolbur phytoplasma ATTTGATGAAACACGCTGGATTAA
MapStol-R map gene TCCCTGGAACAATAAAAGTYGCA
MapStol-VIC-LNA VIC-CAE*AE*AE*CL*CE*CE*AAE*TGC-BHQ-1
SpoTphlomo-F “Ca. Phlomobacter AGGTCATGCCTGTGTTGGAG
SpoTphlomo-R fragariae” TGGTTTGCCGGTACTTAAC
SpoTphlomo-FAM-LNA spoT gene FAM-TGGGACAP*AGGAE*AGGGTTGACGA-BHQ-1

*LNA modified bases:L=C-LNA; Z=T-LNA;E=A-LNA and P=G-LNA.

PCR assays: The current official detection method for “Ca. P. fragariae” using the PCR primers pair Fra4-Fra5 was
performed as previously described (Zreik et al., 1998). Primers Stol11F3 andStol11R2 were used to perform the current
official PCR detection method for stolbur phytoplasma which consists of a direct PCR developed from a protocol
previously published for the detection of stolbur phytoplasma in grapevine (Clair et al., 2003). The TagMan triplex real-
time PCR reaction was performed in a final volume of 25 pl comprising 12.5 pl of QuantiTect Multiplex PCR buffer
(Qiagen), primers and probes at a final concentration of 0.2 uM and 5 pl of purified DNA. Amplification and detection
were performed using the CFX 96 Real-Time system apparatus (Bio-Rad). The thermal cycle consisted in a pre-step of
15 min at 95 °C for Hot Start Tag DNA polymerase activation, followed by 40 cycles of 60 s denaturation at 94 °C and
90 s hybridization and elongation at 59 °C. Each reaction included at least one blank assay without template and two
negative controls corresponding to healthy plants. The software Bio-Rad CFX manager was used for fluorescence
acquisition and estimation of threshold cycles (Ct). For this estimation, the baseline was automatically set and the
fluorescent threshold was set manually for each individual target to intersect with the linear part of all amplification
curves.

Evaluation of the Tagman real-time assays efficiencies: The efficiency and the linear range of each real-time PCR
reaction were evaluated by constructing dilution curves of DNA extracts from two different samples: one strawberry
plant infected with stolbur phytoplasma and one “Ca. P. fragariae” -infected strawberry plant. 10-fold serial dilutions
were performed and each dilution was tested in duplicates. The slope (k) of the linear regression line between
logarithmic values of the dilution factor (x-axis) and estimated Ct values (y-axis) was used to calculate the
amplification efficiency, E = (10%-1) x 100 (Pfaffl, 2004).

Results

Specificity of the triplex real-time PCR assay: The specificity of the stolbur phytoplasma real-time PCR assay was
previously tested (Pelletier et al., 2009). The specificity of “Ca. P. fragariae” real-time PCR was tested on DNA
extracts from healthy plant and on DNA extracts from insects carrying proteobacteria phylogenetically related to “Ca.
P. fragariae”. In this case, the Ct value was 27.8 for the strawberry DNA infected by “Ca. P. fragariae” whereas no
significant signal was observed for the other bacteria (Figure 1).
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Fig. 1

Performance of the triplex real-time PCR assay in comparison with the simplex real-time PCR assay: Calibration lines
were constructed for each target by analyzing ten times serial dilutions of total DNA extracted from one strawberry
plant infected by “Ca. P. fragariae” and one strawberry plant infected by stolbur phytoplasma. PCR efficiency values
were 100.6 %, 100.2 % and 101.7 % for the “Ca. P. fragariae”, stolbur phytoplasma and EC target respectively when
they were tested in simplex real-time PCR and 101.71 %, 102.5 % and 112.9 % when they were tested in a triplex real-
time PCR. Therefore, these results indicated that multiplexing did not reduce the efficiency value.

Triplex real-time PCR detection sensitivity in comparison with the conventional PCR official test: Sensitivities of the
triplex real-time PCR assay and the official PCR test were compared by analysing the same serial dilutions. Figure 2
shows results obtained for “Ca. Phlomobacter fragariae” and stolbur phytoplasma detection on these dilutions. For “Ca.
Phlomobacter fragariae”, the triplex Tagman PCR gave positive amplification up to a dilution of 10* whereas the
official PCR detected the bacterium DNA up to a dilution of 107, For stolbur phytoplasma, the Triplex Tagman PCR
gave a positive amplification up to a dilution of 10 whereas the official PCR detected the phytoplasma DNA up to a
dilution of 10°°. The sensitivity of the triplex real-time PCR is therefore 100 times higher than the current PCR for the
“Ca. Phlomobacter fragariae” and 10 times higher for the detection of the stolbur phytoplasma.
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Fig. 2 Tagman® PCR amplification curves of tenfold dilutions of strawberry plant DNA infected with
“Ca. P. fragariae” or with stolbur phytoplasma (top). Agarose gel electrophoresis of the official
conventional PCR assay on the same DNA dilutions (bottom)

Discussion

A new real-time PCR method was developed for the simultaneous detection of “Ca. P. fragariae” and stolbur
phytoplasma in strawberry plants with an endogenous control. The use of the TagMan technology allowed the
multiplexing of three different targets: spoT gene of “Ca. P. fragariae”, map gene of stolbur phytoplasma and cox gene
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for the endogenous control. Specificity was promoted by the use of LNA conjugates (Braasch and Corey, 2001) and by
the choice of a non-ribosomal target. Indeed, variability in the spoT gene helped discriminate “Ca. P. fragariae” from
among bacteria of its phylogenetic group, whereas the PCR detection based on the 16SrDNA did not (Foissac et al.,
2000). The triplex real-time PCR showed lowered limits of detection in comparison to the official PCR assay: up to 10
and 100 times lower for the stolbur phytoplasma and “Ca. P. fragariae” respectively. This new multiplex assay,
improved both in specificity and sensitivity, will be used to re-evaluate the relative incidence of the two phloem-limited
bacteria associated with SMC in French strawberry production.
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Sequencing studies for the identification and characterization of new and old Rubus

viruses
MacFarlane, S.A.; McGavin, W.J.
Plant Pathology Programme, SCRI, Invergowrie, Dundee DD2 5DA, Scotland

Abstract

In Europe, raspberry plants are commonly infected with a complex of aphid-transmitted viruses that together cause
raspberry mosaic disease (RMD). During the previous 30 years, by grafting and vector transmission to a range of red
and black raspberry cultivars, these viruses have been loosely characterized and identified as Raspberry leaf spot virus
(RLSV), Raspberry leaf mottle Virus (RLMV), Black raspberry necrosis virus (BRNV) and Rubus yellow net virus. An
additional, very widespread virus, Raspberry vein chlorosis virus (RVCV), is spread by a different aphid vector.
Recently some sequence data have been obtained for RYNV, BRNV and Raspberry mottle virus (RMoV), a virus found
in plants showing RMD symptoms. We have carried out sequencing studies using random amplification and mass
analysis approaches and will present information on the relationship between RMoV, RLSV and RLMV, as well as the
first data for RVCV and a novel, possibly segmented minus-strand RNA virus infecting raspberry.

Kewords: raspberry viruses, RLMV, RLSV, RVCV, RLBV

Soft fruit virology at SCRI

The purpose of soft fruit virus research at SCRI is to identify and characterize viruses causing disease in the soft fruit
industry in Scotland and elsewhere, to obtain sequence information from these viruses enabling us to design diagnostic
tools for testing of UK Soft Fruit Nuclear Stock material (maintained as a collection at SCRI), and to use this new
knowledge ultimately to identify new or improved sources of virus resistance in raspberry and blackcurrant germplasm
that can be used by fruit breeders at SCRI. Our current work looks at a range of different viruses, some that have been
known for a long time and others are newly identified. For example, two of the most well understood viruses we study
are Raspberry bushy dwarf virus (RBDV), a pollen transmitted virus for which an effective antibody test is available,
and Blackcurrant reversion virus (BRV), currently the most important virus affecting blackcurrant which has been
addressed by breeding for resistance to its vector, the gall mite Cecidophyopsis ribis. Viruses that are known to cause
disease in raspberry but for which little or no sequence information is available include Raspberry leaf spot virus
(RLSV), Raspberry leaf mottle virus (RLMV) and Raspberry vein chlorosis virus (RVCV). In addition, our work has
identified two new viruses, Rubus chlorotic mottle virus (RuCMV) and Raspberry leaf blotch virus (RLBV), which are
now undergoing more extensive study.

Clarification of relationship between Raspberry leaf spot virus (RLSV), Raspberry leaf mottle virus (RLMV) and
Raspberry mottle virus (RMoV): Leaf spotting is a common disease symptom in raspberries, attributed in Europe to two
viruses, RLMV (Cadman, 1951) and RLSV (Cadman, 1952). These viruses have the same aphid vector, the large
raspberry aphid Amphorophora idaei, and are similarly heat-labile but are differentiated by host reaction — RLMV
causes chlorotic spots on the red raspberry cultivars Malling Delight, Malling Landmark and St. Walfried, whereas,
RLSV causes chlorotic spots on the cultivars Burnetholm, Glen Clova and Norfolk Giant. Recently a new closterovirus,
RMoV, was isolated from an asymptomatic red raspberry plant in Washington state, USA and the complete sequence of
the virus was determined (Tzanetakis et al., 2007). As part of this study, material containing RLSV from Scotland was
tested by RT-PCR and found to contain the same closterovirus. To examine the possibility that these three viruses are
strains of the same closterovirus we have carried out a sequencing study comparing RLSV and RLMV from the SCRI
virus collection, together with plant samples showing leaf spot symptoms newly collected at various farms in the UK.
Using PCR primers based on the RMoV sequence we amplified and sequenced from RLMV and RLSV a 3kb region
including the genes encoding the coat protein homologue (CPh), minor coat protein (CPm) and major coat protein (CP).
In addition the same region was sequenced from a new RLMV isolate (PM1) that was collected from the field.

The results of this study showed that the RLMV and RLSV RNAs are 99 % identical over the 3kb region, and both are
97 % identical to RMoV. In addition, one of the field isolates, PM1, was found to be only 75 % identical to the other
isolates in this region. Isolate PM1 was found in all locations that were sampled, RLMV was found in fewer locations
and samples from some locations contained both isolate types. Furthermore, the CP amino acid sequences are 98 %
identical between RLMV, RLSV and RMoV but there was only 78% CP sequence identity between PM1 and the three
other viruses. Our conclusions from this work are that RLMV, RLSV and RMoV are all isolates of the same virus, and
we propose all should now be referred to as RLMV as this was the earliest name to be given in the literature. The
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taxonomic situation of isolate PM1 is less clear. Current ICTV guidelines suggest closterovirus species are demarcated
by a CP amino acid sequence difference of 10 % or more which would mean that PM1 should be considered as a
different virus to RLMV.

Design of a RT-PCR diagnostic for Raspberry vein chlorosis virus (RVCV): RVCV was first described in 1952 in
Scotland, is extremely common in Europe and Russia, and also is present in Canada, and New Zealand. It is transmitted
by the small raspberry aphid Aphis idaei, causing loss of vigour, fruit yield and fruit set in some cultivars. Large
bacilliform particles found in infected plants and in sections of vector aphid (Jones et al., 1974; Murant and Roberts,
1980), suggested RVCV might be a rhabdovirus, an enveloped, negative-strand RNA virus, able to replicate in both
insect and plant hosts.

Several approaches were taken in order to obtain some sequence information for RVCV. We were unable to clone the
virus using RNA extracted from material collected from virus-infected plants using polyethylene precipitation or
gradient centrifugation, or by isolating dsRNA from infected plants or by RT-PCR amplification with rhabdovirus-
specific degenerate primers of total RNA isolated from infected plants. Subsequently, we used rhabdovirus-specific
degenerate primer RT-PCR of total RNA extracted from small raspberry aphids reared on RVCV-infected plants. This
approach was successful, and RVCV-specific primers designed from the cDNA cloned obtained in these experiments
are able to prime amplification of the virus both from infected plants and aphids. Phylogenetic analysis confirms that
RVCV is a rhabdovirus that is most closely related to Strawberry crinkle virus (SCV).

A newly discovered virus of raspberry — Raspberry leaf blotch virus (RLBV): Leaf samples were collected from red
raspberry plants growing at several farms in Scotland and showing strong symptoms of leaf malformation, leaf necrosis
and blotchy discolouration that was most apparent on the underside of affected leaves.

Double-stranded RNA was extracted from these leaves and cloned by semi-random primer amplification. In addition,
extracts of these leaves were inoculated to a range of herbaceous plants. Inoculation to Nicotiana benthamiana resulted
in obvious symptoms of a systemic yellow-green mosaic or blotching. The infection could be passaged a limited
number times from N. benthamiana to N. benthamiana, and did not survive freezing. DsRNA cloning identified one
small (200nt) cDNA with sequence related to wheat mosaic virus (previously High Plains Virus). This is a new group of
viruses with a multipartite, negative-strand RNA genome that also includes pigeonpea sterility mosaic virus (PPSMV),
fig mosaic virus (FMV) and European mountain ash ringspot-associated virus (EMARAV).

We have named this new virus raspberry leaf blotch virus (RLBV), have completed the sequencing of the RLBV
nucleocapsid RNA, have raised an antibody to the nucleocapsid protein, and have designed a RT-PCR diagnostic that
detects the virus in infected plants. The symptoms seen on infected raspberry plants were previously associated with an
eriophyid mite, raspberry leaf and bud mite (Phyllocoptes gracilis). WMV, FMV and PPSMV are also associated with
eriophyid mites, and experiments to show whether P. gracilis is responsible for transmission of RLBV are underway.
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Emerging strawberry virus and virus-like diseases in the world
Tzanetakis, |.E.
Department of Plant Pathology, Division of Agriculture, University of Arkansas, AR, USA

As strawberry demand and production increases , so too do the virus diseases that affect them. In the last ten years there
has been significant work towards the characterization and detection of graft-transmissible diseases and today the
number of strawberry viruses has more than doubled compared to the number we knew of at the turn of the century
(Martin and Tzanetakis, 2006). Another significant change in the last years is the presence of multiple virus infections
that synergistically cause severe disease and losses in several strawberries-producing areas. This review aims to
summarize the information on strawberry viruses and diseases that was accumulated during the first part of the 21
century.

The most important strawberry viruses are those transmitted by aphids. This virus group has always been a major
problem wherever the strawberry aphid (Chaetosiphon fragaefolii) is present (Converse, 1987). There are now seven
aphid transmitted viruses, Strawberry mild yellow edge (SMYEV), Strawberry vein banding (SVBV), Strawberry
crinkle (SCV), Strawberry mottle (SMoV), Strawberry chlorotic fleck (SCFV), Strawberry pseudo-mild yellow edge
(SPMYEV) and Strawberry latent C (SLCV).

SMYEV is an aphid-borne potexvirus (Jelkmann et al., 1992) and SVBV is a caulimovirus (Petrzik et al., 1998). In the
last decade, a study with several SMYEYV isolates revealed significant virus diversity and this information was used to
develop primers that allow detection of all diverse isolates identified (Thompson and Jelkmann, 2004). This information
has been invaluable in certification programs for elimination of the virus given its significance in strawberry
production.

SCV, another major strawberry virus, was known to be a persistently transmitted Cytorhabdovirus, but now there is
sequence information (Schoen et al., 2004) that has been used to develop new detection techniques that allow fast and
sensitive detection (Posthuma et al., 2002; Klerks et al., 2004; Mumford et al., 2004). A major strawberry disease,
mottle, now known to be caused by SMoV, a semi-persistent virus that is closely related to Satsuma dwarf virus and
Black raspberry necrosis virus (Thompson et al., 2002). Several isolates have been characterized and this information
has been used for the development of a robust detection method of the virus in certification programs and the field
(Thompson and Jelkmann, 2003). SCFV, a closterovirus, was isolated and characterized from the only chlorotic fleck
diseased plant known to exist, but the presence of several other viruses in this plant prevented the determinating
whether CF is the sole cause of chlorotic fleck disease (Tzanetakis et al. 2007). Detection protocols for the virus have
been employed in the North America and Europe and the virus was found in both continents in small number of plants
(this meeting, Martin and Tzanetakis; Ratti, personal communication). This information indicates that the virus is
probably not a major problem for strawberry production. The other two aphid-borne viruses, SPMYEV and SLCV are
poorly characterized but there is information on their phylogenetic placement. SPMYEYV is a carlavirus (Yoshikawa and
Inouye, 1986) and SLCV a nucleorhabdovirus (Yoshikawa and Inouye, 1988). An antiserum has been developed for
SPMYEV and there are efforts under way to characterize SPMYEV and SLCV at the molecular level.

A new group of viruses, members of the genus Crinivirus have emerged as a new threat to strawberry in areas where
whiteflies, crinivirus vectors, are present. To date all criniviruses are transmitted by whiteflies in the genera
Trialeurodes and Bemisia. There are four new criniviruses discovered in strawberry, Strawberry pallidosis associated
virus (SPaV) (Tzanetakis et al., 2004), Beet pseudo-yellows virus (BPYV) (Tzanetakis et al., 2003) and strawberry
criniviruses 3 and 4 (Tzanetakis and Martin, unpublished). SPaV and BPYV have been fully characterized, including
their virus-vector relationships (Tzanetakis et al., 2006), whereas there is only limited sequence information available
for strawberry criniviruses 3 and 4. SPaV and BPYV are the most common of the four and are present in both the New
and Old World. SPaV has a limited host range but some of the alternative hosts are common strawberry field weeds
(Tzanetakis et al., 2006). BPYV has a wide host range ranging from strawberry and blackberry to beet and spinach.
Both viruses are transmitted semi-persistently by the greenhouse whitefly (Trialeurodes vaporariorum). Although there
are both immunological and molecular (reverse transcription polymerase chain reaction/RT-PCR) tests available for
SPaV and BPYV, the preferred detection method is RT-PCR against conserved polymerase sequences because of the
low titer of the viruses and the genetic diversity observed between different isolates that can be lower than 80% in the
nucleotide level.

The pollen-borne ilarviruses that infect strawberry include Strawberry necrotic shock (SNSV), Apple mosaic (ApMV),
Tobacco streak (TSV) and Fragaria chiloensis latent (FCILV). SNSV is the predominant ilarvirus in the United States
whereas FCILV has significant presence in Chile (this meeting, Martin and Tzanetakis). TSV is uncommon in
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strawberry in the United States (Tzanetakis et al., unpublished) and previous reports of the virus in the crop were
probably actually due to SNSV (Tzanetakis et al., 2004). ApMV was first found naturally infecting strawberry a few
years ago (Tzanetakis and Martin 2005), although it was known that the virus can replicate in strawberry through
grafting experiments. The virus was found in the only known plant with strawberry leafroll disease, but as was the case
with chlorotic fleck the plant was also infected with SPaV and BPYV that might have contributed to the observed
symptomatology. Several hundred plants have been tested for ApMV infection in the United States and the infection
percentage was miniscule. The high titer ilarviruses reach in strawberry, the great diversity observed with many
ilarviruses (Petrzik and Lenz, 2002) and the excellent antisera available for these viruses make immunological detection
methods, such as ELISA, the preferred detection method for these viruses.

Modern strawberry cultivation has minimized the impact of nematode-borne viruses but the reduced use of methyl
bromide and other soil fumigants may lead to the re-emergence of this group of viruses in the future. There are five
nematode transmitted viruses found in the crop, Tomato ringspot (ToRSV), Strawberry latent ringspot (SLRSV),
Arabis mosaic (ArMV), Raspberry ringspot (RpRSV) and Tomato black ring (TBRV). All but ToRSV are primarily
found in Europe. The major discovery concerning nematode-borne viruses in strawberry in the last decade was the
discovery of SLRSV in the United States and Canada (Martin et al., 2004). Like ilarviruses ELISA is the preferred
detection method for strawberry nematode-borne viruses.

Three other viruses have been found in strawberry, Tobacco necrosis, Fragaria chiloensis cryptic and Fragaria latent.
They have not been reported to cause significant losses as is also true for the still uncharacterized agent that causes
feather-leaf disease.

Tolerance of modern cultivars to single virus infections together with much of the cultivation now done on an annual
system have minimized the effect of viruses in the crop. However, there have been cases of severe outbreaks that have
caused losses in the tens of millions of dollars to growers. Such is the case of the virus-caused decline that occurred in
the west coast of North America in the 2002-2003 seasons and led to losses that exceeded $50 million (Martin and
Tzanetakis, 2006). The new information developed on strawberry viruses over the last decade is being applied to
improve certification schemes, which are the cornerstone in controlling virus disease of perennial crops such as
strawberry.
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Introduction of certification program in production of plum planting material
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Abstract

Certification program for the production of fruit planting material has not been fully established in the Republic of
Serbia. Despite this fact, Fruit Research Institute, Cacak has initiated the introduction of certification into the
production of plum planting material of cultivars developed at the Institute. The main goal is to establish plum mother
plantations with basic material satisfying the EPPO recommendations and national certification standards.

Propagated material from pomologically selected trees in commercial and experimental orchards was collected and
grafted onto virus-free Myrobalan rootstock. Candidate clones are kept in screen house which ensure absence of
infection. Fifteen plum (Prunus domestica) cultivars are included in this study: ‘Cacanska Lepotica’, ‘Caganska
Rodna’, ‘Cacanska Najbolja’, ‘Cacanska Rana’, ‘Valjevka’, “Valerija’, ‘Caganski Secer’, ‘Jelica’, ‘Timoganka’,
‘Boranka’, ‘Mildora’, ‘Krina’, ‘Pozna Plava’, ‘PoZegaca’, ‘Stanley’, and perspective hybrid 14/21.

All tests were done according to the EPPO recommendations. Selected clones were tested on woody indicators Prunus
tomentosa, P. persica and P. serrulata cv. Shirofugen. ELISA test was duly performed for the detection of the
following viruses: Plum pox virus, Prune dwarf virus, Prunus necrotic ringspot virus, Apple chlorotic leaf spot virus,
Apple mosaic virus and Myrobalan latent ringspot virus. To increase the sensitivity of Plum pox virus detection, IC-RT-
PCR was used. The material was also tested for the presence of ‘Candidatus Phytoplasma prunorum’ by nested-PCR
method.

The presence of viruses was found in 8 plants. ELISA test revealed that four plants of cv. ‘Jelica’ were found to be
positive on the presence of Apple chlorotic leaf spot virus. Latent infection with Plum pox virus was detected by IC-RT-
PCR in 4 candidate clones (1 plant of each of cvs “Valerija’, ‘Cacanska Rodna’, ‘Cacanska Lepotica’ and ‘PoZegaca’).
The rest of the material was free of all other viruses. The infection with ‘Candidatus Phytoplasma prunorum’ was not
evidenced in any of the tested plants.

Keywords: certification, plum, viruses, phytoplasmas.

Introduction

The production of fruit and grapevine planting material has had a long history in Serbia. Over the past decades,
numerous nurseries have intensively been producing planting material. The material is not only producing for domestic
growers but also for export. An ever increasing demand for rootstocks and propagation material (buds, graft wood) for
this production, especially for certified category, has been evidenced in Serbia over the past few years. There are two
ways for obtaining this material: one is import from abroad and the other one relies on domestic production.

Early work on the production of healthy fruit planting material in Serbia began in - *70’-s at Fruit Research Institute,
Cacak. Using biological tests, as the only method available at that time, virus-free material was produced for the
establishment of mother plantations (Rankovi¢, 1981). The implementation of certification program in the production of
fruit planting material according to recommended EPPO certification schemes began in 2002 through a project funded
by the Ministry of Science and Technological Development. Later work was implemented in activities within another
research project. In part these activities relate to plum as major and traditional fruit culture in Serbia and major fruit
species in breeding program in Fruit Research Institute Cagak.

Material and methods

The material for this study includes 89 plum trees that represent the collection of candidate clones. The collection was
formed by grafting buds from pomologically selected trees in commercial and experimental orchards onto virus-free
Myrobalan rootstock. Selected plants were visually inspected for any symptoms suggesting possible presence of
viruses. Candidate clones were kept in screen house where plants were safe from infection. Fifteen plum varieties were
included: ‘Cacanska Lepotica’, ‘Ca¢anska Rodna’, ‘Cacanska Najbolja’, ‘Caganska Rana’, ‘Valjevka’, ‘Valerija’,
‘Cacanski Secer’, “Jelica’, ‘Timoganka’, ‘Boranka’, ‘Mildora’, ‘Krina’, ‘Pozna Plava’, ‘PoZegaca’, ‘Stanley’, and
perspective hybrid 14/21. From the very beginning all plants were tested for all pathogens listed in EPPO certification
scheme for almond, apricot, peach and plum (OEPP/EPPO, 2001). Three types of tests were performed: biological,
serological and molecular.
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Woody indicators Prunus tomentosa, P. persica GF305 and P. serrulata cv. ‘Shirofugen’ were used for biological
testing. Two buds per each tested clone were grafted on the above indicators. Grafting on Prunus tomentosa and P.
persica indicators was performed in glasshouse in three repetitions per each plant-indicator combination, while testing
on the P. serrulata cv. Shirofugen was done in open field. After grafting, all indicator plants were visually inspected for
the presence of symptoms caused by pathogens.

Serological ELISA testing (Clark and Adams, 1977) was done every year. Testing was performed in the appropriate
time for the detection of six viruses: Plum pox virus - PPV, Prune dwarf virus - PDV, Prunus necrotic ringspot virus -
PNRSV, Apple chlorotic leaf spot virus - ACLSV, Apple mosaic virus — ApMV and Myrobalan latent ringspot virus -
MLRSV. Reagents from BIOREBA AG, Switzerland were used for detection of PPV, PDV, PNRSV, ApMV and
ACLSV, whereas for the detection of MLRSV, reagents from BIORAD, France were used. Testing was done according
to the manufacturer’s recommendations. Samples (1:20) were homogenized in PBS-Tween + 2 % PVP buffer. OD
values were recorded on the Multiskan MCC340 plate reader.

To increase the sensitivity of Plum pox virus detection we used IC-RT-PCR with P1/P2 primer set (Wetzel et al, 1991,
OEPP/EPPO, 2004).

All candidate clones were tested for the presence of ‘Candidatus Phytoplasma prunorum’ by nested-PCR method. DNA
extraction was performed according to Angelini et al., 2001. Nested-PCR was done with two primer sets: P1/P7 for the
first round and R16(X) F1/R16(X) R1, for the second one (Schneider et al, 1995; Lee et al, 1995). PCR products were
analyzed in 5 % polyacrylamide gel electrophoresis and staining with silver-nitrate (Schumaher et al, 1986).

Results

None of the tested plants was positive in biological testing. All inoculated indicators were symptomless while positive
controls showed clear symptoms corresponding to the inoculated viruses. Indicators were visually inspected after
inoculations in two growing seasons.

Serological tests were performed every year after the formation of candidate clones collection. Of all analyzed plants
only 4 plants of ‘Jelica’ were positive for presence of Apple chlorotic leaf spot virus. Serological testing was performed
before planned test on woody indicators. The plants were removed from the collection and hereupon Sharka-like
symptoms caused by ACLSV appeared on leaves. In all other plants none of the tested viruses (PPV, PDV, PNRSV,
ApMV, ACLSV and MLSRV) were found in repeated tests.

IC-RT-PCR test was done using leaves as test sample. In 4 out of 89 analyzed plants latent infection with Plum pox
virus was detected. One plant of each of cvs ‘Valerija’, ‘Ca¢anska Rodna’, ‘Caganska Lepotica’ and ‘PoZegata’ were
found to be positive for PPV. None of these plants was positive either on woody indicators or in ELISA test. Analyzing
the PCR results in polyacrylamide gel, very slight bands of expected size 243 bp appeared. Four positive plants were
removed from the collection. In nested-PCR test for the presence of ‘Candidatus Phytoplasma prunorum’ no positive
samples were found.

Obtained virus-free plants, maintained in screen-house present nuclear stock material of 15 plum cultivars and one
perspective hybrid. Basic material for the establishment of mother plantation will be produced by the multiplication of
this material under controlled conditions

Discussion

Besides true-to-type, healthy planting material is a major precondition for successful fruit production. A number of field
and laboratory work is needed to check health status of selected clones. Biological indicators are compulsory in
certification programs. Indicators Prunus tomentosa, P. persica and P. serrulata cv. ‘Shirofugen’ are recommended by
EPPO and are also listed in Serbian bylaws. Prunus tomentosa and P. persica are used for the detection of a wide range
of pathogens. Prunus persica GF305 is recommended for the detection of numerous pathogens, such are ACLSV,
ApMV, MLRSV, PPV, PDV and PNRSV. This indicator is also used for the detection of phytoplasma which causes
European stone fruit yellows disease. Prunus tomentosa is suitable indicator for PPV and other viruses (Damsteegt,
1997; Rankovi¢, 1980). Prunus persica is not a suitable indicator for PPV-Rec strain. PPV-Rec causes no or very mild
symptoms on this indicator (Glasa et al., 2005). Prunus serrulata cv. ‘Shirofugen’ is recommended indicator for PDV
and PNRSV. In our tests none of these indicators showed symptoms.

ELISA test is a suitable method for routine detection allowing large-scale testing for viruses for which antiserum is
available. The correct time for testing and appropriate sample type ensures successful of detection. Early detection of
ACLSV in "Jelica’ reduced time for detection, and time-consuming biological test was avoided.
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IC-RT-PCR method was used to increase sensitivity of biological and ELISA test for PPV detection. PPV is the most
detrimental pathogen of stone fruits. In Serbia it is commonly found in plum, peach and apricot (Jevremovi¢ et al.,
2008). It is often present at low concentrations and it is unevenly distributed in young trees. Four of the analyzed
samples were found positive in IC-RT-PCR testing, nonetheless but not in biological and serological tests did not
present such result. Negative result suggests its uneven distribution and very low concentration in these plants, or just a
“false positive’ in IC-RT-PCR. To be completely reliable in health status of the analyzed plants, we removed 4 plants
were removed from the collection.

The presented results showed that a majority of selected plants of plum cultivars are not infected with viruses. The past
work on the production of virus-free material has laid a good foundation for the present investigations and adjustments
of law regulation system using all available techniques. At present, there are no specialized institutions for certification
of crops in Serbia. This study on the implementation of certification program according to EPPO in the production of
fruit planting material is currently the only one in Serbia. Fruit Research Institute is leading institution in the field of
fruit breeding and pomology which possesses laboratory equipment, indicators, screen-houses and researchers
indispensable for performing all steps in certification. According to the current Law on Plant Health, higher categories
of planting material (‘basic’) are needed for the establishment of mother plantation (Official Gazette of RS 41/09).
Major objectives of this study are the establishment of mother plantation with “basic category” plants for production of
certified plum reproductive material and commercialization and full evaluation of newly recognized plum cultivars.
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Confirmation of the elimination of Apple stem grooving virus from apple trees by in
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Abstract

Apple stem grooving virus (ASGV) is widespread in its distribution in apple trees. The virus causes tree decline and
graft union necrosis in certain combinations of scion and rootstock, and attempts are made usually to control the virus
where apples are grown commercially. ASGV is difficult if not impossible to eliminate by heat therapy. In 1996, in
vitro cultures of apple infected with ASGV were grown for 9-12 weeks on media containing quercetin and ribavirin (10
ng/mL of each), then cultured on media free of these chemicals. Analysis by immunocapture (IC) RT-PCR failed to
detect the presence of ASGV, while all untreated controls were positive. Treated and untreated cultures were subcloned,
rooted, hardened, and eventually planted in the field. The plants were observed and tested annually by IC/RT-PCR from
1998 - 2008. The treated plants were consistently negative by IC/RT-PCR, while untreated plants tested positive for
ASGV. After 11 years of testing by the sensitive IC/RT-PCR assay it is safe to say that in vitro chemotherapy with
quercetin and ribavirin is effective for the elimination of ASGV from apple.

Keywords: Apple stem grooving virus, in vitro chemotherapy, quercetin, ribavirin, immunocapture RT-PCR

Introduction

Apple stem grooving virus (ASGV) is an important target in any Malus (apple) virus certification program. The virus is
widely distributed and is transmitted by budding or grafting, so use of healthy propagating material is essential for
controlling the movement of the virus (Nemeth, 1986; Welsh and van der Meer, 1989). ASGV is symptomless in most
commercial cultivars (Welsh and van der Meer, 1989), but may cause tree decline and graft union necrosis in
susceptible scion/rootstock combinations (Yanase et al. 1990). Since ASGV infection is common, certain apple
cultivars may not be readily available free of ASGV infection. In this case virus therapy may be considered. ASGV has
been described as one of the most difficult viruses to eliminate by any procedure (Knapp et al., 1995a, b). Reports of
ASGV elimination from apple and citrus by heat therapy (Campbell, 1968; Miyakawa, 1980) have not been confirmed
by long term confirmatory testing using sensitive diagnostic assays. Heat therapy is one of several methods used for
plant virus elimination which includes; shoot tip culture, meristem tip culture, chemotherapy, thermotherapy, or various
combinations of the above (Spiegel et al., 1993).

James et al. (1997) claimed successful elimination of ASGV by using a combination of the antiviral chemicals quercetin
and ribavirin. Shoot tip cultures of ASGV-infected apple and shoot tip cultures of ASGV-infected Nicotiana
occidentalis (a herbaceous host) were treated by in vitro chemotherapy using ribavirin and quercetin at a concentration
of 10 ug/mL of each. The plants were exposed to the chemicals for a period of 9-12 weeks, and subsequent testing by
ISEM, herbaceous host indexing, RT-PCR, and immunocapture RT-PCR did not detect ASGV in any culture subjected
to this treatment (James et al., 1997). Untreated control plants were all positive. Attempts at plant virus elimination may
suppress the concentration of a virus to levels that are not detectable. Positive results may be obtained if the plants are
grown for an extended period of time subsequent to being treated, then re-tested (Knapp et al. 1995b). To confirm virus
elimination it is essential therefore that treated plants be propagated for an extended period, free of any antiviral
chemicals in the case of chemotherapy, and delayed testing carried out to allow replication and detection of any virus
particles that may have remained after treatment (Hansen, 1989). This is especially important in woody fruit trees
where: a) virus replication and recovery may be slow, and b) virus detection is inefficient due to the presence of
inhibitors. The use of sensitive diagnostic assays improves the validity of claims of virus elimination (James et al.
1997).

In this study apple cultures that gave negative results by immunocpature RT-PCR after in vitro chemotherapy were
subcloned, rooted, hardened, and eventually planted in the field. The results of annual IC/RT-PCR testing of the treated
plants which were maintained in the field for over 10 years confirm the elimination of ASGV.
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Materials and methods

Field propagation: Shoot cultures that were treated for 9 — 12 weeks with quercetin and ribavirin (10 ug/mL of each),
and gave negative results when tested by IC/RT-PCR, were rooted and planted in the field in 1997 (James, 2001).
Untreated cultures that gave positive results were rooted and planted also, as positive controls. There were a total of 15
trees (9 derived from treated cultures, and 5 derived from untreated cultures) and these were planted randomly with no
indication of plant status. They were identified by a number only (#1 - #15, Table 1).

Tab. 1 IC/RT-PCR analysis from 1998 — 2008 (11 years) of apple trees derived from in vitro cultures treated with quercetin
and ribavirin (10 ug/mL of each), and untreated positive controls.
Tree #* Status® IC/RT-PCR Resultc®
1 T -
2 T -
3 uT +
4 T -
5 T -
6 uT +
7 uT +
8 T -
9 uT +
10 uT +
11 T -
12 T -
13 uT +
14 T -
15 T -

ATrees derived from treated and untreated in vitro cultures were planted randomly and identified by

numbers only for purposes of testing; ® T = trees derived from in vitro cultures treated with quercetin

and ribavirin (10 ug/mL of each), UT = Trees derived from in vitro cultures that were untreated positive

controls; © Consistent results were obtained for the annual testing conducted from 1998 — 2008; - = negative, and + =
positive.

The plants were included in the regular schedule of maintenance of field grown apple trees maintained at the Sidney
Laboratory - Centre for Plant Health. The plants were pruned annually and the row of trees top-dressed with a granular
fertilizer. Pest control treatments were applied on a regular basis, including treatments for apple scab, apple codling
moth, and powdery mildew. The plants were blind tested annually (May — June) by various technicians for the period
1998 — 2008. Healthy apple plants were used as negative controls. Also apple plants known to be infected with ASGV
were included as additional positive controls.

Immunocapture (IC)RT-PCR: IC/RT-PCR was carried out using essentially procedure A as described by James (1999).
ASGV polyclonal antiserum, cross-absorbed with clarified healthy Chenopodium quinoa sap (C. quinoa was the
propagation host for the purified virus used for PAb production), was purified and adjusted to 2 pg/mL. This was
diluted 1:100 and 100 pulL added to each 0.5 ml microfuge tube. See James (1999) for further details.

Results

The results obtained by IC/RT-PCR testing for ASGV for the 11 year period from 1998 — 2008 were consistent. All 9
trees derived from in vitro cultures treated with a combination of ribavirin and quercetin (10 ung/mL each) gave negative
results when tested for the presence of ASGV by IC/RT-PCR. The results obtained in 2008 are shown in Figure 1. The
5 trees derived from untreated in vitro cultures were consistently positive (Fig. 1, 2008 results). Additional controls
were always included in each assay. These included known infected plants (Fig. 1A and B, indicated as +), healthy
apple (Fig 1B), and water controls (Fig 1B). The results expected with these controls were observed.

48 Julius-Kuhn-Archiv, 427, 2010



21st International Conference on Virus and other Graft Transmissible Diseases of Fruit Crops

Fig. 1 Agarose gel analysis of the products of an IC/RT-PCR assay performed in 2008, of 15 randomly planted
apple trees derived from in vitro cultures treated with quercetin and ribavirin, 10 pg/mL of each (Fig. 1A,
lanes 1, 2, 4,5, 8; Fig. 1B, lanes 11, 12, 14, 15); and apple trees derived from untreated positive controls
(Fig. 1A, lanes 3, 6, 7, 9, 10; Fig. 1B lane 13). Additional positive controls (+) and water controls were
included also.

Discussion

The wide distribution of ASGV (Nemeth, 1986; van der Meer, 1989) means that desirable virus-free germplasm may
not always be available. Under such conditions having a reliable procedure for virus elimination may prevent the need
to destroy valuable material and reduce the likely hood of planting infected material. ASGV is difficult to eliminate
(Knapp et al., 1995a & b) and no well validate procedure for the elimination of ASGV has been described. ASGV
elimination was claimed by James et al. (1997). Evidence of elimination was obtained for ASGV infected apple and N.
occidentalis. In this study testing was conducted annually, over an 11 year period (1998 — 2008), by IC/RT-PCR.
IC/RT-PCR is a very sensitive assay (Candresse et al., 1994; James 1999), and the use of random blind samples in this
study provides increased confidence in the results. Eleven years of testing provided consistent results where the trees
derived from cultures treated with quercetin and ribavirin remained negative, while trees derived from untreated
cultures gave positive results consistently. The accumulated data confirms that virus elimination was achieved.

Ribavirin (1-D-ribofuranosyl-1,2,4-triazole-3-carboxamide) is a base anolog of adenine or guanine and was developed
specifically for use as an antiviral chemical (Hansen, 1989). Several modes of action have been hypothesized including
the disruption of virus replication; by inhibiting nucleic acid synthesis, inhibiting RNA-dependent RNA polymerase, or
inhibiting 5’-capping of viral RNA. Quercetin (3,5,7,3’,4’-pentahydroxyflavone) is a natural product flavonoid.
Flavonoids have been shown to be effective antivirals against several plant viruses (French et al., 1991; French and
Towers, 1992; Malhotra et al., 1996). Flavonoids enhance cCAMP levels by inhibiting CAMP phosphodiesterase (Mucsi
and Pragai, 1985) and this may affect virus replication. Ribavirin has been effective against a range of viruses, but in
many cases the results have been disappointing (Hansen, 1989). James et al. (1997) found that some cultures treated
with only ribavirin gave negative results by RT-PCR, but were positive by IC/RT-PCR. Also the concentration of the
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virus increased to RT-PCR detectable levels when cultures were grown on media free of ribavirin. Quercetin was found
to be more effective than ribavirin in tomato ringspot virus (TomRSV) inhibition studies (Malhotra et al., 1996).

Trees derived from in vitro cultures treated with ribavirin and quercetin appeared normal, with normal flowers and
fruits. There was no evidence of unusual phenotypic changes or abnormalities, further confirming the observations of
James (2001).

This study confirms that the antiviral chemical combination of ribavirin and quercetin (10 pg/mL of each) was effective
for the elimination of ASGV from apple. ASGV was eliminated from infected N. occidentalis cultures by this treatment
(James et al., 1997), and so it is not host specific. Treatment for 9 — 12 weeks was effective, which agrees with the
findings of Malhotra et al. (1996) who found that 12 weeks was optimal for quercetin inhibition of TomRSV. It would
be interesting to determine if this combination of chemicals in in vitro chemotherapy is effective for the elimination of
other plant viruses.
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Abstract

Olive (Olea Europaea L.) is a major and economically important crop for the new reclamation land in Egypt. The
estimated acreage of cultivated olive trees in Egypt is above one hundred and thirty five thousand Feddens of which
total production is five hundred thousand tons per year (Ministry of Agriculture statistics, 2007). Olive trees are
affected by several viruses and virus-like diseases. To date, 15 viruses in eight genera have been isolated from olive
trees. In a preliminary study for the assessment of the sanitary status of olive trees in five locations in Egypt, shoots
from 300 trees of 9 cultivars were collected. Using virus-specific primers, a one-step RT-PCR assay was used to detect
and identify each of the eight viruses most commonly found in olives. Namely, Cucumber mosaic virus (CMV), Olive
latent ringspot virus (OLRSV), Olive latent virus-1 (OLV-1), Olive latent virus-2 (OLV-2), Olive leaf yellowing-
associated virus (OLYaV), Strawberry latent ringspot virus (SLRSV), Cherry leaf roll virus (CLRV), and Arabis
mosaic virus (ArMV). Among the eight viruses assayed, OLRSV (6.7 %), OLV-1 (5.7 %), CLRV (4.7 %), OLV-2 (2.7
%), SLRSV (2.3 %), OLYaV (1.3 %) and ArMV (0.7%) were detected. The most common virus detected was CMV
which prevailed with a high incidence of 24.7 % in olive orchards. The use of one step RT-PCR was efficient and
reliable to detect the eight olive viruses found in Egypt. Surprisingly, the infection rate found is lower than expected, if
we take into consideration previous surveys conducted in the Mediterranean area. This technique is useful for detection
of olive viruses for production of certified plant propagative material in certification programs.

Keywords: Olive cultivars, olive virus detection, olive viruses in Egypt, one step RT-PCR.

Introduction

Olive (Olea europaea L.) trees are hosts to number of diseases caused by viruses, phytoplasmas, bacteria, fungi, and
agents of diseases of unknown etiology which disseminate by propagating material, and are the object of certification
programs in many countries, including Egypt. Sensitive and reliable detection methods of olive tree viruses are needed
in these programs. Enzyme-linked immunosorbent (ELISA) is routinely used in certification as it allows sensitive,
specific, and simultaneous analysis of many samples (Garnsey and Cambra, 1991). However, molecular methods based
on polymerase chain reaction (PCR) amplification of the pathogen nucleic acid (Olmos et al., 1999) enable greater
sensitivity especially when the target is in low concentration, or the pathogen has uneven distribution as in
asymptomatic olive trees. Among molecular methods, RT-PCR has proved to be the most rapid, sensitive and reliable
technique for detecting RNA of the target in infected plants (Hadidi and Candresse, 2001). Thus, the use of PCR
technology is an important step to optimize and speed up olive tree virus diagnosis. In this study, we applied a one-step
RT-PCR protocol to detect the eight most common olive tree virus species that belong to five genera: Cucumovirus.
Cucumber mosaic virus (CMV) (Savino and Gallitelli, 1983); Sadwavirus, Strawberry latent ringspot virus (SLRSV);
Nepovirus, Arabis mosaic virus (ArMV) (Savino et al., 1979), Olive latent ringspot virus (OLRSV), and Cherry leaf
roll virus (CLRV) (Savino and Gallitelli, 1981); Necrovirus, Olive latent virus-1(OLV-1) (Gallitelli and Savino, 1985);
Oleavirus, Olive latent virus-2 (OLV-2) (Savino et al., 1984), and Closteroviridae, Olive leaf yellowing associated virus
(OLYaV) (Savino et al., 1996).

Materials and methods

Source of plant material: Shoots from 300 symptomatic or asymptomatic olive trees were collected from five different
locations in Egypt (Giza, Fauom, Nubaria, Behera and Ismailia). The trees represented 9 different cultivars, covering
two native cultivars (Aggazi and Maraki) and seven imported cultivars (Dolce, Kalamata, Koronaki, Koratina,
Manzanello, Picual and Sorany).

Viral RNA preparation and one-step RT-PCR amplification: Phloem tissue from young shoots were scraped and
powdered in liquid nitrogen. About 100 mg of each sample was used for total RNA extraction using the Plant Total
RNA Mini Kit, according to the manufacturer's protocol (Real Biotech, Corp., Taiwan). RNA was finally eluted with 50
ul of RNase- free water, and stored at -20 °C until used. RT-PCR was carried out on RNA preparations with Reverse-
iT™One-Step RT-PCR Kit (ABgene®UK). This allows RT and amplification to be performed sequentially in the same
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tube. In particular, 2.5 pl of total RNA containing the target RNA was mixed with 12.5 pl 2x RT-PCR Master mix
containing 1.25U/50ul Thermoprime Plus DNA Polymerase; 1.5mM MgCl,, 0.2 mM each dNTPs, 10uM specific
forward and reverse primers (Table 1); 0.5 pl Reverse-iT™ RTase Blend (50U/ul); RNase/DNase-free water to a
volume of 25 pl. Synthesis of cDNA was performed at 47 °Cfor 30 min, followed by denaturation at 94 °C for 2 min.
Amplification was carried out for 35 cycles under the following conditions: denaturation at 94 °C for 30 sec, annealing
at 50 °C for 45sec (55 °C in case of OLV-2), extension at 72 °C for 60 sec, followed by a final extension for 7 min at
72 °C. Amplified products were detected by 1-1.5 % agarose gel electrophoresis in TBE buffer, stained with ethidium
bromide and visualized by gel documentation system (Bio-Rad, USA).

Tab. 1 Sequence of specific primers used for the detection of olive tree viruses.
Virus Primer sequence Expected size Amplification region
OLV-1F 5-GTGGACTGCGCTCGAATGGA-3' 230 nt CP gene
OLV-1R 5'-CTCACCATCGTTGTGTGG-3'
OLV-2F 5-CCGTTCTGTGGCCTTTGAGA-3' 220nt RdRp
OLV-2R 5'-AACACGATCCTCACCC-3'
OLYaVF 5-ACTACTTTCGCGCAGAGACG-3' 346nt
OLYaVR 5'-CCCAAAGACCATTGACTGTGAC-3'
OLRSVF 5-AAGAATTCTGCAAAACTAGTGCCAGAGG-3' 492nt 3'terminal
OLRSVR 5'-AAAAGCTTGCATAAGGCTCACAGGAG-3'
SLRVF 5'-AAAAGCTTCAAGGAGAATATCCCTGGCCC-3' 525nt CP gne
SLRVR 5'-AAGGATCCTAAGTGCCAGAACTAAACC-3'
CLRVF 5-AAAAGCTTGGCGACCGTGTAACGGCA-3' 431nt non coding region
CLRVR 5-AAGAATTCGTCGGAAAGATTACGTAAAA-3
ArMVF 5-TTGGCCCAGATATAGCGTAAAAAT-3' 519 nt
ArMVR 5'-CAGCGGATTGGGAGTTCGT-3'
CMVF 5'-GCCGTAAGCTGGATGGACAA-3' ~499nt CP gene
CMVR 5'-TATGATAAGAAGCTTGTTTCGCG-3'

Results and discussion

Natural infections of olive tree with viruses are mostly symptomless; those viruses that elicit symptoms in certain
cultivars (e.g. SLRSV, OLYaV) are latent in others. Thus it is difficult to base diagnosis on symptoms expression.
Biological indexing of olive viruses on woody differential indicators is not done as they are currently not available. The
diagnostic bioassay that has been used extensively up to a recent past is mechanical transmission. This assay, however,
is unreliable because of the low intrinsic sensitivity (Felix et al., 2001).

To detect viruses using PCR, it is important that nucleic acid samples extracted from the original source of plant
material is free of appreciable amounts of oil, polysaccharides, phenolic compounds, and other PCR Inhibitors (Wilson,
1997). These inhibitors are present in olive tissue extracts (Amiot et al., 1989; De Niro et al., 1997). They must be
removed in order to detect the viral RNA targets by PCR. The choice of an extraction technique that can be used for
routine testing of a large number of samples must take into account simplicity of use and rapidity of execution. The
results of this study showed that RNA extraction procedure developed is suitable for routine use in diagnostic
laboratories. One step RT-PCR analysis was simple and fast; it allowed testing of hundreds of samples to be done in a
relatively short time. Virus infected olive trees were found in all investigated locations and cultivars in Egypt. Each pair
of the eight selected primer pairs amplified successfully its specific target RNA from total RNAs extracted from
infected tissues with the Plant Total RNA Mini Extraction kit.(Figure 1). Noticeably, the majority of olive viruses were
isolated from symptomless trees. The average incidence of infection for each virus tested was 24.7 % for CMV, 6.7 %
for OLRSV, 5.7 % for OLV-1, 4.7 % for CLRV, 2.7 % for OLV-2, 2.3 % for SLRSV, 1.3 % for OLYaV and 0.7 % for
ArMV (Table 2; Figure 2). Mixed infection was observed in large number of tested trees. The reliability of this
detection method allowed increased investigations on distribution of olive viruses by conducting several surveys in
different geographical areas in Egypt.
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Fig. 1 Agarose gel electrophoresis analysis of amplified products obtained by one step RT-PCR using primers for
the eight olive tree viruses (Table 1). Lane M, 100 bp DNA marker

Tab. 2 List of analyzed cultivars (Number of infected/number of tested) of olive trees and percentage of infection obtained by
one-step RT-PCR assay for the detection of CMV, OLRSV, OLV-1, CLRV, OLV-2, SLRSV, OLYaV, and ArMV.
Cultivars Virus Tested
CcMV OLRSV OLV-1 CLRV OLV-2 SLRSV OLYaVv ArMV
Kalamata 8/38 6/38 0/38 2/38 2/38 0/38 1/38 0/38
Koronaki 10/48 4/48 8/48 5/48 1/48 0/48 0/48 1/48
Koratina 9/39 4/39 0/39 1/39 1/39 2/39 0/39 0/39
Picual 15/46 1/46 1/46 3/46 4/46 0/46 0/46 0/46
Manzanello 12/46 2/46 5/46 3/46 0/46 4/46 3/46 1/46
Dolce 4/10 2/10 0/10 0/10 0/10 0/10 0/10 0/10
Sorany 1/5 0/5 0/5 0/5 0/5 0/5 0/5 0/5
Aggazi 8/31 0/31 1/31 0/31 0/31 1/31 0/31 0/31
Maraki 7137 1/37 2137 0/37 0/37 0/37 0/37 0/37
% of infection 24.7 6.7 5.7 4.7 2.7 2.3 1.3 0.7
30 1
24.7
25 -
20 -

% of infection
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Fig. 2 Percentage of infection of the eight detected viruses (CMV, OLRSV, OLV-1, CLRV, OLV-2, SLRSV,
OLYaV and ArMV) obtained in this investigation.
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Theses results coupled with the sensitivity and the absence of contamination risks (since the assay is done in a single
tube), made this technique very suitable for large-scale investigation (Bertolini et al., 2001; Ragozzino et al., 2004). The
one-step RT-PCR protocol confirmed, for all tested olive tree viruses, its rapidity and reliability (Faggioli et al., 2005).
Since the genomic sequences of the majority of viruses, including the somewhat rare OLV-1, OLV-2 and OLRSV, are
known (Grieco et al., 1995, 1996a,b), the design and use of adequate PCR primers is now possible, as exemplified by
the successful identification of CMV, CLRV, ArMV, SLRSV, OLYaV, OLV-1 and OLV-2 by single step RT-PCR
(Sabanadzovic et al., 1999; Grieco et al.,2000; Bertolini et al., 1998, 2001).

Throughout the increasing international demand for olive plants and legislation enacted require that all olive
propagative material produced in nurseries must be free of all viruses. This led to the development of sensitive
diagnosis techniques to assist in selection, improvement and sanitary certification of olive planting material. Reliable
virus detection is also needed in epidemiological studies and in-establishing strategies for control and certification
programs.
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Abstract

A genomic strategy for PPV identification has been recently developed (Pasquini et al., 2008). The method is based on
using a 70-mer oligonucleotide DNA microarray chip capable of simultaneously detecting and genotyping PPV strains.
Universal and specific probes have been identified and used with a sensitive protocol of hybridization using an indirect
fluorescent labelling of cDNA product with cyanine able to enhance the sensitivity of the virus detection avoiding the
use of the PCR amplification step. In order to evaluate the protocol fitness for diagnostic use, about 30 samples
belonging to a PPV isolates collection, including M, D, EA and C strains, have been used for its validation, that was
determined, estimating the performance criteria that include the following parameters: diagnostic sensitivity (D-SN),
diagnostic specificity (D-SP) and diagnostic accuracy (D-AC).

Keywords: oligonucleotides chip, PPV, sensitivity, specificity, accuracy, performance criteria.

Introduction

The developing of innovative viral diagnostic methods is one of the major objectives of plant virologists to increase the
sensitivity and rapidity of detection of low titer viruses. In recent years, great emphasis has been made towards the
development of technologies to identify simultaneously a wide range of different pathogens, including plant viruses in a
single sample, thus avoiding the use of parallel tests. The availability of systems that identify a large number of plant
virus targets in a single event is the prerequisite for the control of viruses in quarantine to prevent their introduction in a
country through the international movement of germplasm and in national and local certification programs to reduce
their spread within a country. Furthermore, a single simultaneous diagnostic protocol could be useful in the certification
programs which include testing of a large number of viruses in evaluated germplasm.

Several techniques were developed for the simultaneous detection of viruses. They consist essentially of multiplex-PCR
or multiplex-real time PCR, however, the number of virus targets that can be identified is limited by possible primers
interactions (multiplex-PCR) or by the number of fluorochromes that can be added to the reaction (multiplex-real time
PCR). Currently, DNA microarrays represent the major known technology able to identify in a single event a large
number of viruses and other pathogens (Boonham et al., 2007). They were first described in 1995 (Schena et al., 1995)
for simultaneous analysis of large-scale gene expression patterns. Since then, this technology was developed to extend
its use to other fields including detection of human and plant viruses (Barba and Hadidi, 2007, 2010; Hadidi and Barba,
2008; Hadidi et al., 2004)

An oligonucleotide microarrays chip for simultaneously detection and genotyping strains of Plum pox virus (PPV) has
been recently developed using PPV universal and strain-specific 70-mer oligonucleotides probes (Pasquini et al., 2008).
The method has a sensitive hybridization protocol, based on the indirect fluorescent labeling of cDNA incorporating
cyanines. The protocol, which avoids the use of a PCR amplification step, was sensitive and specific and may represent
a model for further technology developments.

In this paper the above mentioned system was evaluated to validate its performance. The validation of a protocol is the
evaluation of its fitness for diagnostic use. It is determined by estimating performance criteria that include the following
parameters: diagnostic sensitivity (D-SN), diagnostic specificity (D-SP) and diagnostic accuracy (D-AC). D-SN is the
proportion of known infected reference samples that test positive in the assay. D-SP is the proportion of uninfected
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reference samples that test negative in the assay. D-AC is the average of D-SN and D-SP which gives a complete
evaluation of the protocol.

Materials and methods

Reference samples: The number and source of reference samples used to validate a protocol are significant. The
reference samples ideally should represent known infected and non-infected plants from the pathogen population. A
series of reference samples, target (representing all genomic and geographical PPV variability) and non-target
(representing other viruses and healthy controls), have been selected to perform all experiments (Table 1).

Tab. 1 List of PPV target and other virus and healthy non target samples used to obtain the validation parameters.
N°  Name Specie Variety Origin Pathogen Strain
1 Ispave 2 peach Belacl Ex-Yugoslavia PPV M
2 Ispave 8 plum P2774 Hungary PPV D
3 Ispave 11 peach Marcus Greece PPV M
4 Ispave 12 apricot Canino Spain PPV M
5 Ispave 13 plum Delickia Austria PPV M
6 Ispave 17 apricot Tolda di Castigliole Italy PPV D
7 Ispave 21 plum Centenar Italy PPV D
8 Ispave 29 apricot Canino Ancian France PPV M
9 Ispave 32 plum - Italy PPV D
10 Ispave 38 apricot Priana Spain PPV D
11 Ispave 39 apricot El Amar Egypt PPV EA
12 Ispave 40 plum Plodiuv Bulgaria PPV M
13 Ispave 42 peach Big Top Italy PPV M
14 Ispave 46 plum Goccia d’oro Italy PPV D
15 Ispave 51 peach Calipso Italy PPV D
16 Ispave 53 peach - Greece PPV M
17 Ispave 148.2 N. benthamiana - Italy PPV C
18 - apricot - Egypt PPV EA
19 - Brassica rapa - Italy TuMV -
20 - artichoke C3 Italy ArLv -
21 - peach GF 305 Italy ApMV -
22 - peach GF 305 Italy ACLSV
23 - peach GF 305 Italy PNRSV -
24 - peach GF 305 Italy PDV -
25 - peach GF 305 Italy PLMVd -
26 - peach GF 305 Italy HSvd -
27 - peach GF 305 Italy healthy
28 - plum ?? Italy healthy
29 - apricot 7 Italy healthy

Target samples were as follow:

e PPV-infected isolates originated from different Mediterranean countries and maintained as the PPV collection at
the C.R.A.—Plant Pathology Research Centre of Rome, Italy (PPV-ISPaVe collection). The isolates represented
four PPV strains (PPV-D, PPV-M, PPV-EA and PPV-C) and different host species (peach, plum, apricot,
Nicotiana benthamiana).

Non-target samples were as follow:

e species of Potyviruses (Turnip mosaic virus - TUMV and Artichoke latent virus - ArLV) to verify possible cross-
reaction with homologous viruses of the same genera;

e viruses commonly infect stone fruits to verify possible cross-reactions with pathogens potentially present in the
assayed vegetative hosts:

e c.1. llarvirus species (Prunus necrotic ringspot virus — PNRSV, Prune dwarf virus — PDV, Apple mosaic virus —
ApMV);

e c.2. Trichovirus species (Apple chlorotic leafspot virus — ACLSV) and

e c.3. viroid species (Hop stunt viroid — HSVd and Peach latent mosaic viroid — PLMVd);

o healthy samples from different species (peach, plum and apricot) to verify the interferences due to the assayed
matrices.
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DNA Microarrays protocol: Experiments were performed using microarray chips prepared with UltraGAPS Microarray
Slides (Corning, NY, USA) printed at the Istituto Superiore di Sanita, Dipartimento di Biologia Cellulare e
Neuroscienze, Rome, Italy with twenty-one 70-mer oligonucleotides (Pasquini et al., 2008).

The microarray design was as follows:

e The chip contained eight rows with four sub arrays (total of 32 subarrays), each sub array contained five rows of
twelve spots. Each oligonucleotide was printed randomly in 12 replicated spots on sub arrays.

e Total RNA was extracted from 100 mg of each virus infected and uninfected leaf tissue using a RNeasy Plant mini
kit (Qiagen Inc., Valencia, CA). A cDNA was obtained from the above plant.

e Total RNAs by using oligodT and random primers as described in Pasquini et al., 2008.

e The indirect chemical labelling of cDNA was done by adding 8 pl of cDNA to 1 ul of Na(HCO3), buffer 0.1M pH
9.0 and 1 pl of Cyanine 3 (Cy3) or Cyanine 5 (Cy5) dye (Amersham Bioscience, Buckinghamshire, UK) suspended
in DMSO buffer and incubated for 18 h at room temperature. The labelled cDNA was purified using a QiaQuick
PCR cleaning kit (Qiagen).

e Slides were pre-hybridized for 45 min at 55 °C with a pre-heated (55 °C) blocking buffer (1 % BSA, 0.1 % SDS,
5X SSC).

e The slides were then washed and dried by centrifugation.

e The hybridization buffer, contained 1 pg of each purified labelled cDNA (typically 30 pmoles of incorporated dye),
50 % formamide, 0.1 % SDS, 5X SSC, was applied to the slide after denaturation and covered with a cover slip
(HybriSlip, Schleicher and Schuell Bioscience, Keene, NH). Hybridization was performed for 20 h at 55 °C in the
dark.

e The slides were then washed with pre-heated 2X SSC, 0.1 % SDS at 55 °C (5 min, twice), followed by 0.5X SSC,
0.1 % SDS (10 min at room temperature) and finally with 0.05X SSC (5 min at room temperature, four times).

e The hybridized slides were scanned using a GenePix 4200 A array scanner (Axon Instruments Ltd., Aberdeen,
Scotland, UK).

e The parameters ‘mean signal-mean local background” (mean Cy3 minus B or mean Cy5 minus B) and the ‘mean
local background’ (B) were used in further calculations. Local background was calculated using the adaptive circle
method. To estimate D-SN, D-SP and D-AC the cut-off point of reaction (positive/negative threshold) was
established to be at least five fold fluorescent signal above the local background.

Establishment of performance criteria: The 29 target and non-target samples were assayed in 36 experiments performed
by scientists in two laboratories (CRA-PAV and lIstituto Superiore di Sanitd) to verify the reproducibility of the
protocol. The same array scanner read the slides.

In each experiment two samples, previously labeled with the two different fluorochromes Cy3 and Cy5, were combined
in the hybridization mixture. Eighteen experiments were performed by mixing target samples and eighteen experiments
by mixing target and non-target samples.

The D-SE, D-SP and D-AC parameters were calculated, on the averages values of the 36 experiments, using a two-way
(2x2) table (Table 2). Results of the test were classified as TP (true positive) or TN (true negative) if they were in
agreement with the oligonucleotide specificity determined in the set up of the chip (Pasquini et al., 2008). Alternatively,
they were classified as false positive (FP) or false negative (FN) if they disagreed with the previously determined
oligonucleotides strain-specificity.

Tab. 2 Two-way table for calculating performance criteria
+ obtained/+ expected (TP*) + obtained/- expected (FP)
- obtained/+ expected (FN) - obtained/- expected (TN)
D-SE = TP/ (TP + FN) D-SP = TN/(FP + TN)

D-AC = TP + TN/ (TP + FP + FN + TN)
*TP = true positive; FP = false positive; FN = false negative; TN = true negative
D-SE = diagnostic sensitivity; D-SP 0 diagnostic specifity; D-AC = diagnostic accuracy

The performance criteria were estimated for each single probe and for the entire chip. The probes designed on the basis
of the alignment of the RNA genome of a member of PPV/-W strain were not included in the experiments because of the
unavailability of isolates of this strain.

Results

In all experiments good hybridizations were always obtained, without any background problems or weak signals. No
significant differences were obtained in experimental results performed in the two laboratories (data not shown). Eleven
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probes showed D-AC percentages from 97 to 100 %. The lower percentages of D-AC were always determined by the
lower values of D-SE, as oligonucleotide probes did not hybridize occasionally with some infected reference samples.
Four probes showed very low D-AC percentages (83-87 %) due to lower percentages both of D-SE or D-SP. Two of
these probes are specific for PPV-D strain (V3 and P2) and were both designed on P3 gene of the PPV genome,
whereas the other two probes (F3 and D3) recognized more strains and were designed on two different genes (HCPro
and in the region between CP and 3’UTR, respectively) (Table 3).

Tab. 3 Percentages of validation parameters of each probe
Probe name PPV genes % D-SE* % D-SP % D-AC
D-CP (D) CP 96 99 97
F-2 (D) CcP 97 98 97
V-3 (D) P3 90 85 87
P-2 (D) P3 83 84 83
F-3(D+ M) HCPro 82 87 85
D-3(D+M+C) CP-3'UTR 84 83 83
V-2(D+M+C+EA) 3'UTR 96 100 98
M-1 (M) NIb 99 99 99
M-CP (M) CP 98 99 98
SoC-1(C) P1 100 100 100
Soc-2 (C) HCPro 99 100 99
SwC-1 (C) NIb 99 100 99
SwC-2 (C) P3 100 100 100
EA-1(EA +D) Cl 96 99 97
EA-CP (EA) CP 98 99 98

* = D-SE: diagnostic sensitivity; D-SP: diagnostic specificity; D-AC: diagnostic accuracy

Oligonucleotide probes specific for PPV-C isolates showed the highest D-AC percentages, but only one homologous
reference sample was used from N. benthamiana. Also the two PPV-M specific probes showed high percentages of D-
AC. The V2 universal oligonucleotide probes, designed on the conserved 3’UTR region of the PPV genome, showed a
D-SE of 96 %, a D-SP of 100 % and a D-AC of 98 %. When the percentages of D-AC of each probe were correlated
with the percentage of sequence homologies of each oligonucleotide probe it was evident that a cut off of 80% can be

established for the genotyping of the virus in this set up of DNA microarrays system (Table 4).
Tab. 4 Comparison among percentages of probe sequence homology to PPV strain sequence and percentage of D-AC

% Homology

Probe name PPV-D PPV-M PPV-C PPV-EA D-AC
D-CP (D) 100 77 64 65 97
F-2 (D) 98 77 62 61 97
V-3 (D) 100 82 74 74 87
P-2 (D) 100 82 74 74 83
F-3 (D + M) 100 100 74 84 85
D-3(D+M+C) 97 90 90 88 83
V-2(D+M+C+EA) 95 91 91 90 98
M-1 (M) 80 100 72 80 99
M-CP (M) 77 100 35 67 98
SoC-1 (C) 71 65 100 65 100
Soc-2 (C) 70 42 98 31 99
SwC-1 (C) 62 71 98 65 99
SwC-2 (C) 72 72 98 77 100
EA-1 (EA + D) 88 78 7 100 97
EA-CP (EA) 65 67 24 100 98

The D-SE, D-SP and D-AC of the complete chip were established on the averages of each probe values. On the whole
the protocol showed: D-SE of 94 %, a D-SP of 96 % and a D-AC of 95 %. These parameters were obtained including
also the lower values of the V3, P2, F3 and D3 oligonucleotide probes.

Discussion

The 36 experiments performed in two different laboratories confirmed the versatility of the protocol as good results
were always obtained, which indicated the reproducibility of the system, using different scientists, equipment and
environmental conditions.
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The parameters obtained by assaying the designed oligonucleotide probes against a wide range of PPV isolates
substantially confirmed the probe strain-specificity reported previously (Pasquini et al., 2008). The universality of the
V2 probe, designed on the conserved 3* UTR region of PPV genome, was confirmed, as it reacted with all strains and,
practically, with all tested isolates. Also the specificity of the probes directed against a single PPV strain (M1 and M-CP
specific for PPV-M strain; EA1 and EA-CP specific for PPV-EA strain; Socl, Soc2, Swl, Sw2 specific for PPV-C
strain and D-CP specific for PPV-D strain) was confirmed in this investigation. The values obtained with the probes V3,
P2, F3 and D3, respectively, were lower than expected which may be explained by the percentage of sequence
homology of the probe. A threshold of 80% of sequence homology is need for PPV genotyping in these protocol
conditions.

The validation parameters obtained for the PPV microarrays chip were very good, as the values of D-SE, D-SP and D-
AC were high. These data confirmed the usefulness of this innovative technique in the diagnosis and typing of PPV and
it has a great potential to be applied to other plant viruses as well as viroids and phytoplasmas. The possibility to test an
infected plant sample against an high number of probes is a new research field in plant pathology without frontiers. The
DNA microarrays for plant pathogen detection are a technology in a developing stage. The set up protocol, without the
use of commercial kits and the amplification steps, is not expensive and very easy to hande. It means that it can be
performed also in phytosanitary laboratories without the necessity of specialized personal. Moreover, the technology
cost is decreasing because have been developed chips re-usable more than one time. For all these reasons DNA
microarrays technology represents a diagnostic tool with great potential, as it could be used to test simultaneously in a
single event all possible pathogens of a crop as previously suggested (Hadidi and Candresse, 2001, 2003).
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Abstract

Real-time PCR assays aiming at quantifying the level of plant infection by pathogens are becoming more and important.
Within microbiology, the application of Real-time PCR has had the biggest impact upon the field of virology. However,
Real-time PCR application in fundamental plant virology studies is still lagging behind. The use of relative and absolute
quantification is discussed in this study. Also, case studies including Plum pox virus in transgenic plums C5 are
presented.

Keywords: Plum pox virus, C5, Real-time PCR, quantitation

Introduction

Real-time PCR with melting curve analysis has already proved to be a simple, rapid, and reliable technique for the
detection of plant RNA viruses (Varga and James, 2005). These highly sensitive assays were employed only for virus
detection rather than quantification of virus inoculum. Real-time PCR assays aiming at quantifying the level of plant
infection by pathogens have been increasing for the last few years (Gachon et al., 2004) in multiple areas of viral
pathogenesis. For means of quantifying a virus in tissues, absolute quantification is contemporarily, beyond
controversy, the preferred way of Real-time PCR. Here, it should be kept in mind that the obtained ‘absolute numbers’
are always calculated relative to the standard (RNA, cDNA, plasmid DNA, genomic DNA) and largely depend on the
accuracy of the used standard (Klein, 2002). For many applications, where there is no need to know the exact number of
copies in the sample, a relative quantification using a comparative quantification method (AACT-method) is sufficient
(Mackay, 2004). To ensure the accuracy of the obtained data, the reaction efficiencies of the two assays either should be
similar or a correction factor must be introduced into the calculation (Klein, 2002). Relative quantification in virology
was neglected for a long time, even though, when conducted carefully, its data can be at least as precise as the data of
absolute quantification. The aim of this study was to compare absolute and relative quantification by Real-time PCR
and uniformity of results reached by both methods. For this, a case study monitoring Plum pox virus (PPV) titre in
transgenic plum trees C5 was chosen. PPV is the causal agent of sharka, one of the most important diseases affecting
commercial stone fruit (Németh, 1986). Six different strains of PPV have been described until now (Candresse et al.,
1998; Glasa et al., 2004; James and Varga, 2005; Kerlan and Dunez, 1979; Nemchinov and Hadidi, 1996; Wetzel et al.,
1991). Transgenic C5 cv. ‘Honey Sweet’ is a clone of Prunus domestica L. transformed with the Plum pox virus strain
D coat protein gene (PPV-CP) (Hily et al., 2004; Malinowski et al., 2006; Ravelonandro, 1997; Ravelonandro et al.,
2000). C5 viral resistance is based on RNA silencing (Scorza et al., 2001), i.e. a sequence-specific RNA degradation
mechanism widely observed in animals, fungi and plants.

Material and methods

Nine C5 transgenic plum trees grown in an experimental orchard were bud-grafted with plum cv. ‘St Julien’ infected
with PPV-Rec strain (Polak et al., 2008). The leave samples from the trees were collected during years 2006, 2007 and
2008. Always, three samples were collected per one tree - leaves of the ‘St Julien’ infectious bud (the non-transgenic
part), leaves of bottom part of the C5 (leaves close to the infectious bud, transgenic part) and leaves of top part of the
C5 (far from the infectious bud, transgenic part). The material was grinded in liquid nitrogen and several aliquots of
0.1g were stored at -80 °C. Thereafter, total RNA extraction was performed by RNeasy Mini Plant extraction kit
(Qiagen, USA) with modification as in Mekuria et al. (2003). Concentration of the RNA samples was determined and
diluted to 50 ng/pl. All the samples were treated with DNase | (DNAfree, Ambion) and stored at -80 °C until further
manipulation.

18S ribosomal RNA was used as the endogenous control for the relative quantification.

The primer pair for 18S ribosomal RNA gene Prul8SF1 5’-CGTCACACGCCGTTGCCCCC-3’ and Prul8SR1 5-
GAGCCGAGCATTTTTTCGAGCCC-3’ amplifying a PCR fragment of 199 bp (NCBI Acc. Number EF211087) and
primer pair specific for PPV-Rec targeting (Cter) N1b-(Nter) CP 8532-8669 (NCBI Acc. Number AY028309) RecJF: 5’-
AATGATATTGATGATAGCCTTGAC-3’ and

RecJR 5’-AGCTGGTTGAGTTGTTGCCAC-3’ amplifying a 138bp product. Specificity of the

PPV-Rec primers was checked by Real-time RT-PCR on PPV-D, PPV-M and PPV-Rec isolates

(data not shown).
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For the purpose of absolute quantification, a specific PPV-Rec fragment described above was inserted into the vector
pGem-T (Promega Inc.) and cloned into E. coli JM-109. The plasmid was linearized at the Rsa I site and used as target
in an in vitro transcription reaction performed with Megascript T7 kit (Ambion Inc., TX) followed by DNase |
treatment (DNAfree, Ambion). The amount of RNA was quantified by UV densitometry. Conversion of microgram of
single stranded RNA to picomole was performed considering the average molecular weight of a ribonucleotide (340
Da) and the number of bases of the transcript (Nb). The following mathematical formula was applied: pmol of sSRNA=
pg (of sSRNA)x(106 pg/1ug)x(1 pmol/340 pg)x(1/Nb). Avogadro constant was used to estimate the number of
transcripts (6.023x1023 molecules/mol) (Olmos et al., 2005). Subsequently, ten-fold serial dilutions of the transcripts
were prepared and used. Real-time RT-PCR was performed with SYBR Green |, using a 7300 Real-time PCR System
(Applied Biosystems, CA, USA) and Power SYBR Green RNA-to-CT™ 1-Step Kit (Applied Biosystem, USA)
according to the recommendation of the manufacturer.

The relative ratios were calculated by a mathematical model, which includes an efficiency correction for Real-time PCR
efficiency of the individual transcripts (Pfaffl, 2001). Amplification efficiency was established for each of the targets
from serial dilutions of C5 plum leaves and ranged between 0.80 and 1.0. The relative viral gene’s expression was then
transformed into absolute values by simple proportion. All the results were then analyzed by paired t-test as well as by
two way ANOVA test. Thereafter Bonferroni post-test was applied on the data to compare the value of each column
(factor ““position of the collected leaves™) and each row factor “year”. P>0.05 were considered as non significant (ns),
P<0.01 as significant and P<0.001 as extremely significant.

Results

The expression of the 18S ribosomal gene was quite stable among all the tested samples, with the C; ranging from 15 to
18 cycles. In the previous in-house study, no significant differences in gene expression between virus-free and virus-
infected plants had been recorded (data not shown). The C; values for the PPV-Rec, on the other hand, varied greatly,
ranging from 13 to 36 cycles. After calculating the relative viral gene abundance in the samples, the difference between
the two most differing samples was 10 million fold. There were significant differences among the three parts of the tree.
The virus was the most abundant in the non-transgenic parts of the trees, followed by the bottom parts of the transgenic
trees and the scarcest in the top parts of the C5s. If the mean relative quantity of the virus in the top parts of the trees is
assumed to be 1, then the mean relative quantity in the bottom parts of the trees is 1.3 and in the non-transgenic *St.
Julien’ infectious bud it is 44. Furthermore, statistical analysis by two way ANOVA confirmed that the non-transgenic
‘St. Julien’ part of the C5 trees and the actual transgenic C5 parts varied in their PPV-Rec quantity levels. The
differences between the virus level in ‘St. Julien’ infectious bud and the transgenic tree were found to be extremely
significant in all years, independently on whether the samples were collected close to of far from the bud. On the other
hand, there were no significant differences found between the virus titre in the bottom and top parts of the transgenic
trees (see Table 1).

Tab. 1 Results of the Bonferroni post-test performed after two-way ANOVA statistical analysis.

Bonferroni Post-test
Absolute quantification Relative quantification

St Julien 2006 ns ol
Vs 2007 wx ol
C5 (Top) 2008 ool el
St Julien 2006 ns il
Vs 2007 Hx ol
C5 (Bottom) 2008 ol e
C5 (Top) 2006 ns ns
'S 2007 ns ns
C5 (Bottom) 2008 ns ns

ns: Not significant; ** (P<0.01); *** (P<0.001)

For the absolute quantification, standard dilutions were obtained within a range from 1.78 x 10° to 1.78 x 10" copies of
PPV-Rec partial RNA. Then correlation between the logarithm of copy number and number of cycle was found with
R?=0.99 and PCR efficiency = 104 %, and was used to evaluate the copies number of unknown samples. The
determined number of PPV-Rec RNA copies varied from only 1 copy up to almost million copies in the sample. The
mean determined number of virus copies in the top part of the C5 was 8500, in the bottom part of the C5 it was 23 000,
and in the non-transgenic part it was more than ten times more, 240 000 PPV-Rec RNA copies (see Figure 1). Statistical
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analysis confirmed that the differences between the virus level in ‘St. Julien” infectious bud and the transgenic tree were
found to be extremely significant in 2008, significant in 2007 and not significant in 2006, independently on whether the
samples were collected close to of far from the bud. On the other hand, there were no significant differences found
between the virus titre in the bottom and top parts of the transgenic trees and no significant differences were recorded
for all the parts in 2006 (see Table 1).

Bottom part of C5 Top part of C5

5

]

s B 1

g b

g £

z =

relative absclute relative absalute
St. Julien infectious bud altogether

T

MNumber of coples
Number of copies
= o o

rotative absohute rotative abscluts

Fig. 1 Comparison of mean PPV-Rec viral RNA copies as determined by relative and absolute Real-time RT-PCR
in different parts of the C5 transgenic trees sampled from 2006 to 2008.

Both methods were compared by a paired T-test, in which the numbers of viral RNA copies determined by absolute and
by relative quantification were compared. In all analyses carried out (infectious buds, bottom part of C5, top part of C5,
all samples together), no statistically significant differences were recorded, and in all the cases, the pairing was
significantly effective. The mean values are shown in Figure 1.

Discussion

To avoid bias, relative quantification by Real-time PCR is referred to one or several internal control genes, which
should not fluctuate during treatments. Ideally, the conditions of the experiment should not influence the expression of
this internal control gene. However, many studies showed that internal standards could vary with the experimental
conditions (Faccioli et al., 2007; Nicot et al., 2005; Sturzenbaum and Kille, 2001; Thellin et al., 1999). On the other
hand, with absolute quantification, there is usually no normalizing factor and we only assume that our samples were
prepared uniformly and the results are thus accurate. The drawbacks of both methods are therefore lying in
normalisation. The differences between the results of the absolute and relative quantification carried out in this study
were not tremendous; in almost all cases even the statistics confirmed the uniformity. However, sometimes, the
statistical results reached were not in agreement, as in the case of 2006 samples. Further studies are needed in order to
confirm accuracy of each method. Nevertheless, careful choice of endogenous control including stability of gene
expression testing, as well as uniform and precise sample preparation for quantification by both absolute and relative
quantification are highly recommended.

»  This research was sponsored by Project No. MZE 0002700604.
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Abstract

Peach latent mosaic viroid (PLMVd) is the most known peach viroid. Among the diagnostic techniques used for its
detection, the most recent described being the reverse transcription loop-mediated isothermal amplification method
(RT-LAMP). Several modifications were done on the basic protocol proposed by Boubourakas et al. (2009), additional
experiments were preformed in order to further evaluate the method. Namely, the reaction time was further reduced and
traces of leaf tissue, taken by a sterile toothpick, instead of tRNA were used as the intial material. Moreover, the AMV
reverse transcriptase proved to be more effective than Thermoscript, while restriction enzyme analysis was performed
on the RT-LAMP products in order to confirm that products had the respective sequences of the selected target. Finally,
the extremely high efficiency and sensitivity of RT-LAMP proved to be sufficient for the detection of PLMVd in hosts
other than peach.

Keywords: PLMVd, RT-LAMP, peach, reverse transcriptases

Introduction

Peach latent mosaic viroid (PLMVd), a member of the family Avsunviroidae of the genus Pelamoviroid (Navarro and
Flores, 1997), is the causal agent of an economically important disease of peach, responsible for reduction of fruit
quality, tree vigor, and increased susceptibility to biotic and abiotic stresses. The term latent in the name of PLMVd
refers to the observation that the vast majority of natural infections of peach occur without leaf symptoms and the
prolonged time required for the onset of symptoms. Therefore, a sensitive, accessible, reliable, cost effective and fast
diagnostic method that could contribute to the restriction of viroid spread and the production of healthy and of high
quality propagation material is needed. Reverse Transcription-Loop Mediated Isothermal Amplification (RT-LAMP)
seems to be a good candidate method for this purpose, since it combines the following characteristics, such as: 1)
amplification of nucleic acids under isothermal conditions in the range of 65 °C, 2) high specificity, 3) high
amplification efficiency, 4) easy detection of amplified target DNA. LAMP is a novel nucleic acid amplification
method, relative simple, characterized by the use of a DNA polymerase with strand displacement activity and a set of
four different primers designed specifically to recognize 6 distinct regions on the target sequence (Nagamine et al.,
2002; Mori et al., 2001; Notomi et al., 2000). Boubourakas et al. (2009) developed, for the first time, an RT-LAMP
protocol for the detecion of PLMVd. According to the findings of this study, the combination of the OLD1 primer set
with the degenerate loop primer, under 62.5 °C and 0.8 M betaine concentration, led to the detection of PLMVd within
almost 30 min, with a detection limit of 10°,

In the present study we introduced some modifications in RT-LAMP in order to make it simpler and the improved
method was used for the detection of PLMVd in several host species in addition to peach.

Materials and methods

Plant material: In the present study, the Greek PLMVd isolate 52, coming from naturally infected peach trees cv.
SpringCrest exhibiting the characteristic symptom of fruit cracked sutures, and the Italian isolates P51 and P39 (calico
isolate) were used as source of PLMVd material. Leaf and fruit samples of apricot, peach, plum, cultivated and wild
pear and quince were also collected from North-Eastern Peloponnesus, Greece. Leaves of healthy peach GF305 were
used as negative controls. Also, Italian isolates of Apple scar skin viroid (ASSVd), Pear blister cancer viroid (PBCVd),
Hop stunt viroid (HSVd) and Potato spindle tuber viroid (PSTVd) were used for specificity evaluation of the method.
All the Italian isolates and the healthy seedling material came from the collection of the CRA-Centro di Ricerca per la
Pathologia Vegetale in Rome.
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RT-LAMP method: The amplification reaction was preformed at 62.5 °C for 1 h followed by 2 min at 80 °C using the
OLD1 primer set in combination with the degenerate loop set, as described by Boubourakas et al. (2009). The
parameters examined during this study were: 1) the type of the template used: total RNA using the protocol described
by Rott and Jelkmann (2001) or traces of leaf tissue taken by a sterilized toothpick, and 2) the types of reverse
transcriptase: AMV (Promega, Madison, USA) or Thermoscript (Invitrogen, Ltd, Paisley, England, UK). All
components were assembled and reactions were preformed either in a Real Time Turbimeter LA200 (Teramecs Co. Ltd,
Kyoto, Japan) which measures the turbidity of each reaction mixture in real time or in a PTC-200 DNA Engine Cycler
(MJ Research, Waltham, Massachusetts, USA). The amplified products were also visualized with agarose gel
electrophoresis (2 %). In addition, the amplified products were digested with Rsal (Promega, Madison, USA ) that
cleaves at the site GT'AC within the primer B2c and the digestion products were analysed by electrophoresis. The
Loopamp Fluorescent Detection Reagent (Eiken Chemical Co. Ltd., Tochigi, Japan) was added in the reaction mixture
to obtain a direct visual observation of the reaction tube under UV light.

Specificity of RT-LAMP: In order to determine the specificity of the method, other viroids such as ASSVd, PBCVd,
HSVd and PSTVd were subjected to RT-LAMP using the PLMVd OLD1 and degenerate loop primer sets; and all
reactions were analyzed in parallel.

Results and discussion

This RT-LAMP protocol was able to specifically detect various PLMVd peach isolates from Greece and Italy, including
an ltalian calico isolate. No signal was generated when template from other viroids, ASSVd, HSVd, PBCVd and
PSTVd or when extracts from healthy peach plants were subjected to the RT-LAMP assay using the PLMVd specific
primer sets (Figure 1). The above results indicate that the amplified products were PLMVd-specific and not the result of
cross-contaminations.

Fig. 1 Gel electrophoresis of RT-LAMP products from various PLMVd isolates and other viroids. Lane 1: water,
Lane 2: PLMVd 52 (Greece), lane 3: PBCVd, lane 4: ASSVd, lane 5: HSVd, lane 6: PLMVd P51 (ltaly),
lane 7: PLMVd P39 calico (ltaly), lane 8: PSTVd, lane 9: healthy peach control, lane 10: molecular weight
marker (100 bp, New England Biolabs, Hertfordshire, England, UK).

It was shown previously that total RNA extracted using the Rott and Jelkmann (2001) protocol provides a reliable
template for RT-LAMP on PLMVd (Boubourakas et al., 2009). In the present study it was proven that traces of leaf
tissue, taken by a sterilized toothpick, can be used as template (Figure 2). However, the intensity of the signal obtained
was lower than that of using tRNA as template. The fact that the method could be employed using traces of plant tissue
results in: a) further reduction of the reaction time, and b) allowing the use of RT-LAMP in the field when the internal
fluorescent dye is used (Figure 3).
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Fig. 2 Gel electrophoresis of RT-LAMP products using AMV (lanes 1-4) or Thermoscript (lanes 5-8); using as
template tRNA (lanes 1-2 and 5-6) or traces of leaf tissue taken by a sterilized toothpick (lanes 3 and 7).
Lanes 4 and 8: healthy peach control, lane 9: molecular weight marker (100 bp, New England Biolabs,
Hertfordshire, England, UK).
Fig. 3

Detection of PLMVd by RT-LAMP using fluorescent internal dye, on peach (tube 1, 2), on pear (tube 3),
on wild pear (tube 4) and on quince (tube 5). Healthy control (tube 6).

When the reverse transcriptases AMV and Thermoscript were compared in RT-LAMP, a less intense, however positive

signal was observed when Thermoscript was used, when either tRNA or traces of plant tissue were used as templates
(Figure 2); thus Thermoscript is considered to be less efficient in RT-LAMP.

In order to confirm that the RT-LAMP products have the corresponding sequences of the selected target, a portion of
the amplified products is subjected to restriction enzyme analysis (Kubota et al., 2008). Based on the sequence of the
expected amplified products and using the NEBcutter V2.0 software (New England BioLabs, Hertfordshire, England

UK, http://tools.neb.com/NEBcutter2/), the Rsal restriction enzyme was found to cut the RT-LAMP products in fou;
fragments, namely 131 bp, 171 bp, 198 bp ko1 225 bp (Figure 4).
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Fig. 4 Restriction enzyme digestion of RT-LAMP products. RT-LAMP products (lane 1) were digested by Rsal
(lane 2). Lane 3: molecular weight marker (50 bp, New England Biolabs, Hertfordshire, England, UK).

Detection of PLMVd in stone fruit hosts, other than peach, such as plum, or pome fruits is difficult, presumably due to
viroid concentration in infected tissue at relative low titers (Flores et al., 1992). Since RT-LAMP has an extremely high
efficiency and sensitivity, it proved to be sufficient for the detection of PLMVd in hosts such as plum (2/2), apricot
(1/2), pear(1/2), wild pear (2/2) and quince (1/1) (Figure 5).
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Fig.5 Real time detection of PLMVd by RT-LAMP assay in several hosts such as apricot, peach, pear, plum,
quince and wild pear.
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With the results of the present work, we think that the study for the use of RT-LAMP in PLMVd detection has got
closed to its end. RT-LAMP method is easy, relatively cheap, fast, extremely sensitive, highly specific, reliable, with its
improved version to have the possiblility to be performed in the field.
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Abstract

Phytoplasma and some viruses, papaya ring spot (PRSV) and papaya mosaic (PapMV) have been reported in papaya,
from different Mexican states. Some symptoms of yellow type diseases, such as mosaics, stunting, bunchy top and leaf
chlorosis, necrosis and malformations are somewhat similar in appearance, but caused by distinct pathogens. Using a
scanning electron microscopy (SEM) technique phytoplasmas were detected in the phloem tissues of field and
greenhouse-indexed papaya plants from Baja California Sur (BCS). Samples from 32 local varieties, as well as cv.
Maradol, showing numerous symptoms of dieback, mosaics, bunchy top, and yellow crinkle were analyzed. The
pathogen was detected in stems, leafstalks, roots, axillary leaflets, leaf veins and flowers. Phytoplasma was also
detected in dry and in germinated seeds within the fruit, suggesting seed transmission of the pathogen. Some
ultrastructural peculiarities of phytoplasma in infected tissues were also observed. No viral infection with PRSV and
PapMV was revealed neither in test-plants nor by molecular techniques. Application of SEM technique for analysis of
papaya samples from Veracruz and Irapuato, both from field-grown and mechanically inoculated plants with PRSV and
PapMV in various combinations also revealed phytoplasmas in the phloem of most of tested samples. In some cases,
along with phytoplasmas, rod-shaped bacteria were distinguished.

Keywords: Papaya, phytoplasma, papaya ringspot virus, papaya mosaic virus, scanning electron microscopy, Mexico.

Introduction

Papaya (Carica papaya L.) is an important perennial fruit crop in the tropics and subtropics, and is very susceptible to
numerous diseases, probably as a result of extensive monoculture and a narrow gene pool (“The Biology of Carica
papaya L.”, 2008). Phytoplasma and virus-associated papaya maladies are among the more destructive, and there is no
strategy for controlling these diseases on a commercial scale. A number of viral diseases have been associated with
papaya. Papaya ringspot, caused by Papaya ringspot virus (PRSV) significantly reduced crop productivity in Hawaii,
the Caribbean, Brazil, Southeast Asia and Australia (Yeh and Gonzalves, 1984; Purciful et al., 1984; Gonzalves, 1998;
Golnaraghi and Shnhraeen, 2003; Mowlick et al., 2007). Papaya mosaic virus (PMV) is also a serious problem in some
countries, such as the USA, Venezuela and Bolivia (Purciful and Heibert, 1971; Rajapakse and Herath, 1981).

Phytoplasma associated diseases of papaya were reported from different papaya producing countries. Papaya dieback
(PDB), yellow crinkle (PYC) and mosaic (PM) were recognized in Australia (Gibb et al, 1996, 1998; Elder et al, 2002).
Papaya disease, Nivun Haamir (NH), similar to PDB, was reported in Israel (Lju et al., 1996), and attributed to the same
taxon as PDB, Ca. Phytoplasma australiense (Gera et al., 2005). Phytoplasma associated with bunchy top-like disease
(BTS), known in Cuba (Arocha et al, 2006), was recently reported in mixed infection with a potyvirus (Arocha et al.,
2009).

Mexico is one of the original centers of papaya cultivation (Nakasone & Paull, 1998), and one of the main papaya
producers (Ploetz , 2007). PRSV is considered a very important limiting factor in some regions of Mexico (Trevifio,
1980; Teliz et al., 1991; Silva-Rosales et al., 2000). PapMV has been reported in Mexico with low economic impact
(Noa-Carrazana and Silva-Rosales, 2001). Some symptoms caused by PRSV and PapMV; stunting, chlorosis, leaf
mosaic and distortion and filiform appearance, are common with phytoplasma related papaya symptoms.

In Mexico phytoplasmas associated with papaya infection were first reported in Oaxaca, Central Mexico (Rojas-
Martinez et al., 2003). In the Yucatan peninsula Australian Papaya Yellow Crinkle (PYC)-like symptoms were noted in
association with detected phytoplasmas (Navarette-Yabur et al., 2003; Moreno-Valenzuela and Navarette-Yabur, 2005).
Similar symptoms associated with phytoplasma were recorded in different regions of Baja California Sur (BCS state)
(Poghosyan et al., 2004). In 2004, two experimental plots were established in El Centenario and El Comitan, with seeds
of 32 local papaya varieties and cv. Maradol. Variability of symptoms was observed in diseased plants, some of which
were similar to symptoms reported for different yellow-type diseases. Our objective in this investigation was to analyze
the role of phytoplasmas in all types of symptom expression, using disease indexing and an SEM technique.
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Additionally, we report the results of phytoplasma detection in papaya samples infected with PRSV and PapMV that
were obtained from other regions of Mexico.

Materials and methods

Plant samples from BCS: Samples of apical and axillary leaflets from papaya plants exhibiting different symptoms of
presumed phytoplasma infection and asymptomatic samples were taken during field surveys in El Centenario and El
Comitan from 2004 through 2007, where experimental fields of papaya were established. Plots were prepared with
seeds of 32 local papaya lines and cv. Maradol collected during field surveys in 2002 and 2003. Samples were used for
disease indexing under greenhouse conditions and for processing for diagnosis by SEM. For SEM samples other plant
organs were also used. Samples of micropropagated papaya were used as a control for SEM. Some weed plants with
yellow-type symptoms near papaya plantations and among the trees were also collected and analyzed by SEM.
Symptoms were transmitted from the field to greenhouse-grown test plants by grafting. Transmission by dodder
(Cuscuta spp.) from indexed papaya to Madagascar periwinkle (Catharanthus roseus) was conducted in some cases.
Samples from some symptomatic plants with leaf distortions of possible viral origin have been sent to CINVESTAV,
Irapuato, for PRSV and PapMV- analysis.

Plant samples, Irapuato: Samples of papaya with viral infection were collected from the States of Veracruz (PapMV)
and Yucatan (PRSV). The presence of each virus was confirmed by a serological DAS-ELISA test and RT-PCR (Ruiz
Castro and Silva Rosales, 1997; Noa-Carrazana and Silva-Rosales, 2001). Then a series of inoculations were performed
differently in the greenhouse on papaya test-plants to reproduce symptoms of each virus and to elucidate the symptoms
of possible mixed viral infection: single infection with either PapMV or PRSV; mixed simultaneously, PRSV+PapMV,
and stepwise, PapMV-PRSV (PapMV first, followed by PRSV after 30 days), and PRSV-PapMV (PRSV first, followed
by PapMV after 30 days) (Noa-Carrazana et al., unpublished data). This part of the experiment was conducted at the
Virology Laboratory of CINVESTAYV in Irapuato. To verify the presence of phytoplasma in samples, including the
controls, samples were processed for SEM analysis (up to 70 % ethanol grade) and sent to CIBNOR for further
processing and phytoplasma analysis by SEM.

Applied SEM technique: Leaf vines, leafstalks, axillary leaflets, stem, roots, floral parts, and fruits (seeds and plantlets
germinated within fruits) from symptomatic, asymptomatic, and control papaya samples were fixed in 2.5 %
glutaraldehide dissolved in 0.2 M sodium cacodylate buffer (pH 7.2-7.4) for one day at 4 °C. After rinsing the samples
in the same buffer, they were dehydrated in increasing grades of ethanol (30 %, 50 %, 70 %, 95 %,100 %) followed by
absolute acetone (or hexamethyl- disilazane), for 20 min in each of these solutions. After dehydration the samples were
dried in carbon dioxide (Critical Point Drier, Samdry-PVT-3B), and then attached to SEM stages by double-sided tape.
The samples were coated with paladium in an ion sputter (Denton Vacuum, DESK Il) and examined in the scanning
electron microscope (S-3000N, Hitachi, Japan) at different accelerating voltages (5-20 kV). Samples of wild plants
wereprocessed in the same manner and examined by SEM. In the case of infection of papaya with PRSV and PMV,
only apical leaves were processed for SEM analysis.

Results

Disease symptoms, BCS: Diverse symptoms of yellow-type diseases were observed in local lines and cv. Maradol
papaya in the field. Some plants had stunted growth, with shortened internodes and proliferation of shoots and
internodal leaves, while others had a bunchy top appearance;sometimes, thickening of the petioles and formation of
tumors on the trunk was noted (Figure 1, G-H). When old leaves abscised, a hole-like “wound” formed on the trunk.
Flow of latex was reduced and was either watery or absent, in some lines. Symptoms on flowers were noted as sepal
hypertrophy and petal reduction in female flowers and dried or underdeveloped inflorescences of male and
hermaphrodite flowers. Fruit formation depended on the growing stage. If infection was late, fruit formation was
initially normal, but then ceased. In early infections, the plants formed only 2 or 3 fruits that were deformed and small.
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Fig. 1 Symptoms of yellow-type diseases in papaya from BCS: (A) leaf wrinkling; (B) shortening of internodes
and proliferation of internodal leaves; (C) button-like leaf reduction; (D) shortening of leafstalks and leaf
distortions; (E) filiform leaf structure; (F) claw-like leaf deformation; (G) tumors on trunk; (H) bunchy top.

Many kinds of leaf malformations was observed on plants in different stages of growth, including filiform and claw-like
leaf distortion of old leaves, yellowing and wrinkling, severe leaf crinkle and reduction. Small “clawed” or “button-
like” bunched leaflets appeared on stem tips, apex, and internodes. When old leaves were falling, very small bunches of
distorted leaves with very short leafstalks appeared in the internodes or on the lower parts of the trunk (Fig.1, A-F).
Tumors on the trunk turned brown, then necrotic and finally desiccated. When phytoplasma infection was transmitted to
papaya test plants by grafting, similar symptoms occurred in the test plants. Disease indexing of symptoms from two
papaya local lines having tumors on the trunk did not show this specific symptom on test papaya plants. All diseased
test plants died within one year.

Transmission to periwinkle by dodder led to strong interveinal chlorosis, and finally, total necrosis and abscission of
leaves and proliferation and necrosis of branches. In some branches only very small leaves survived on the tips, other
branches died within one to two years. Formation of flowers was reduced, with malformed and pale rose-colored petals.

Virus symptoms: Symptoms of viral infection in field-grown papaya plants from 15 states of Mexico (not BCS)
included yellowing, vein clearing, mosaic, and leaf distortion (Noa —Carranaza et al, unpublished data). Different
symptoms were observed in inoculated papaya test-plants, from mild mosaic from infection with only PapMV or
PapMV-PRSV, to necrotic lesions and leaf distortion in the case of single infection with PRSV, or mixed infections of
PRSV-PapMV or PRSV+PapMV.

SEM analysis: samples from BCS: Phytoplasma cells were detected in the phloem tissue of samples analysed from local
papaya lines and the commercial Maradol variety, raised in the field or in the greenhouse (Figure 2).
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Fig. 2 Scanning electron micrographs of phytoplasmas in phloem tissue of some local papaya lines. (PV-2) and
(AC-31), field samples; (EMP-16) and (AC-23), indexed plants. Arrows indicate: ph-phytoplasma cells; sp-
sieve pores; xyl- xylem tissue.

The pathogen was detected in different parts of diseased plants: leaves, stems, leafstalks, roots, flowers, fruit and seeds
(Figure 3-4). Phytoplasma was not found in symptom-free micropropagated plants, but was however detected in some
symptomless field-grown papayas. The concentration of the pathogen in phloem cells depended from the season, plant
condition, disease stage and severity. Phytoplasmas were observed as spherical bodies, ranging in size from 500 to 1800
nm. They appear as separate cells or clustered particles in phloem tissue, sometimes observed near or within sieve
pores. Some phytoplasma were in the process of binary fusion, or with buds. The fibril structure of thecytoplasm and
nucleus with surrounded plastids was distinguishable in host cells in some cases. Uneven distribution of phytoplasmas
in sieve tubes was noted.

Fig. 3 Phytoplasmas in different organs of diseased local lines and cv. Maradol. (P2), floral bud; (ACJ-57), leaf
vine; (AJ3-3), root; (Maradol), leafstalk. Arrows indicate phytoplasma (ph).
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Fig. 4 Phytoplasmas (ph) detected in dry mature seed (A), and in germinated seedling (B).

In some cases the “infected zone” was observed at low magnification in the phloem tissue of a diseased plant, including
about 20 neighboring phloem cells in one section plane (Figure 5).

Fig. 5 Distribution of phytoplasmas in phloem of diseased papaya, low Magnification (X700). The “zone” of
infection is marked in black. White arrow indicates part of the same image, high magnification (X4.000).

In phloem tissue of papaya with tumor-like structures on the trunkmany rod-shape bacteria were also detected alongside
the phytoplasma, (Figure 6). Some ultrastructural features in the diseased host plant phloem tissues were observed:
starch granules in phloem parenchyma, many inorganic crystals and some paracrystals.

Fig. 6 Trunk section of papaya with tumor. (A). Phytoplasmas (ph), and (B) rod-shaped bacteria (bac).
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When symptoms were transmitted by dodder, phytoplasmas were observed in periwinkle and in dodder haustoria
(Figure 7).

Fig. 7 (A). SEM- image of phytoplasmas transmitted by dodder to periwinkle.(B ). Phytoplasmas in dodder
haustoria. Indications: ph-phytoplasma; N-nucleus, P-plastids, St-starch granule.

In samples from morning glory (Convolvulus spp.) and other symptomatic and asymptomatic weeds, abundant
phytoplasma particles were observed in phloem tissue with an average size of 1000nm (Figure 8).

Fig. 8 (A). Morning glory (Convolvulus spp.) with symptoms of leaf reduction and distortion (arrows). (B).
Phytoplasmas (ph) in phloem of morning glory.
SEM analysis, samples with viral infection: Phytoplasmas were detected in all samples with single (PRSV and PapMV)

and mixed (PRSV+PapMV, PRSV-PapMV) viral infection. (Figure 9). Phytoplasmas were more abundant in the
sample