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Executive Summary
The activities during the third year of this project focused on (a) improving and evaluating

sensitive detection assays for prunus necrotic ringspot virus (PNRSV) and plum pox virus
(PPV) and (b) studymng strain differentiation of PNRSV by serological and various molecular

methods

PCR-based assays for were further studied i both countries Both immuno-capture (IC)-
PCR and ELISA-PCR were evaluated for thewr sensitivity and rehiability for large scale
testing m certification programs A comparison with the standard DAS-ELISA assay was
mcluded Although both PCR versions were found to be more sensitive than ELISA, the
rehiability of IC-PCR was limrted i several cases, maybe due to mhibitors i the plant sap
ELISA-PCR is still being studied Prelimunary results show a high sensitivity, however, the
cost of reagents may limt 1ts use for large scale testing A PCR assay mvolving an additional
m vitro transcription of the amplified product was apphed to PNRSV detection The
transcribed products were also used for differentiation among virus 1solates (described

below)

Differentiation among PNRSV 1solates from vanous hosts and geographic ongmn was
done by bioassays, serotypimg with MAbs from two sources, RFLP analysis and transcript
conformation polymorphism (TCP), a method based on differences n electrophoretic
mobility of RNA transcripts made from PCR products

The serotyping results demonstrated that by using a battery of 4 MAbs 1t was possible to
differentiate all the PNRSV 1solates mcluded in this study and determine their serotypng
However, the serological vaniability among virus 1solates could not be correlated with
symptom expression, host species or geographical origm RFLP results with several
endonucleases (EcoRI, Avall, HmclI) differentiated among the 1solate groups Simular to the
serotyping results the severe 1solate (P1138) was not singled out, however, one other isolate
(Apr 152) was different from all the other 1solates On the basis of the TCP data obtamned
with several PNRSV 1solates it was concluded that transcription of the PCR products should
be made 1 two ornentations 3’- and 5’-end promoters

The PNRSV differentiation results obtamed n this project contribute to stramn

differentiation of PNRSV, however, questions regarding seventy and mildness remain open



Section I

A Research Objectives

The specific objectives for the third year of the project are

a Application of target sequence amphfication techmques for PNRSV ar.d PPV and
development of a sensitive alternative assay for large scale testing of PPV These methods
will be compared with conventional ELISA and bioassays

b Study virus stramn characterization by biological, serological and molecular methods

¢ Evaluate fluctuations m virus concentration 1n mfected hosts towards preparation for a
‘test calender’ for the targeted viruses

B Research accomphishments

The activities during the third year of this project were devoted to

e Development of IC-PCR and PCR-ELISA assays for detection of PNRSV and PPV
and comparative expenmments with DAS-ELISA

e PCR assays and alternative amplification methods for PNRSV detection and strain

differentiation studies

Biological characterization and variability of PNRSV and PPV isolates

Serotyping of PNRSV 1solates

Dafferentiation among PNRSV 1solates by RFLP analysis of PCR products

Sequence analysis of PCR products differentiated by RFLP analysis

Development and application of alternative molecular methods for PNRSV strain

differentiation - Transcript Conformation Polymorphism (TCP) (Israel)

¢ & 6 & O

1 Development of IC-PCR assays for detection of PNRSV and PPV and comparative
expenments with DAS-ELISA (Hungary)

In the frame of the certification scheme for stone fruit species large number of mother trees
has to be tested with a sensttive method All over the world ELISA 1s used routmely for this
purpose although there are certain periods of ttme when ELISA cannot be used rehably for
detection of the decreased virus concentration Different vanations of PCR technology seem
to be promusing for this aim Thus, 1n this jont project we planned to develop/adapt several
PCR vanations in order to be able to detect PNRSV and PPV 1 stone fruit species during
the whole year around

In the previous year we reported about the adaptation of RT-PCR technology for PNRSV
and PPV and development of one-tube multiplex RT-PCR for detection of mixed mfections
caused by these two viruses In order to validate these assays i 1998 several trees of
different stone frurt species were tested by these methods and compared to the results of
ELISA Samples from 45 peach trees, 60 cherry trees and 23 symptom-showing plum trees
belonging to different cultivars were analyzed with the conventional RT-PCR and one-tube
multiplex RT-PCR for PNRSV and PPV mfection ELISA detected 8 PNRSV, 43 PPV and
3 muxed infections Conventional RT-PCR assays revealed 9 PNRSV, 47 PPV-infected
samples and 5 mixed infections were found Although in these investigations PCR techmques
proved to be more sensitive than ELISA they had also their hmutations It was found that the
virus was detected by PCR only 1n 8 out of 23 plum trees with typical symptoms of PPV It




1s assumed that the hugh inhibitor content in plum leaves caused the high number of negative
results when the samples were tested by PCR In order to overcome this problem and as
RT-PCR assays are very labor mtensive m 1998 IC-PCR method was adapted/developed as
1t does not require comphcated RNA prepararation The method developed by Rosner et al
(1998) for detection of PNRSV was introduced m the laboratory of Hungary (Krizbai et al ,
1998) The same PCR conditions were applied for PPV detection using anti-PPV-IgG from
Loewe (Germany) In comparative PNRSV tests 12 peach and 19 cherry trees for the
presence of PNRSV, RT-PCR detected 18, IC-PCR 16 infected samples ELISA gave igh
extinction with 12 samples and a weak reaction with 3 trees In case of testing for PPV of 95
trees of apricots, peaches and plums with unknown health status the following number of
mfected trees were found RT-PCR 5, IC-PCR 4 and by ELISA 2

In 1999 experiments for modifications of IC-PCR assays are m progress followed by
comparative tests with the aim of improving the detectability of PNRSV and PPV in
different stone fruit species

2 PCR assays and alternative amplification methods for PNRSV detection and strain
differentiation studies (Israel)

The RT-PCR technology for detection of PNRSV i woody hosts, which was developed
duning the first year of this project and fine-tuned dunng the second year was put mto use
both 1n Israel and in Hungary In addition to RNA-RT-PCR (one tube) reactions, we
combined PCR amplification with mn vitro transcription of the target sequence by T7 RNA
polymerase The T7 polymerase promoter was added to PCR products of PNRSV by using
virus-specific primers which also nclude the promoter sequence This enabled an additional
amphfication step obtamed by 1n vitro transcription of the PCR products with T7 RNA
polymerase Each PCR molecule yielded about a hundred molecules of RNA transcripts In
addition to increasing the amount of the amphified virus specific product and reducing
non-specific bands obtaned by this method, the transcribed products were also be used for
PNRSYV stram differentiation studies, detailed below

3 PCR-ELISA for detection of PNRSV and PPV (Hungary)
The PCR-ELISA was optimized for sensitive detection of PNRSV and PPV Thus method 1s

recommended when the virus concentration 1s very low or the origin of PCR products are
unknown (hybnidization)

The universal PNRSV capture probe was selected from coat protemn gene and labeled with
biotin at the 5' end This sequence 1s present in all known PNRSV 1solates with very minor
modifications The PPV biotinylated capture probe was developed to the umversal 3'
non-coding region which 1s present 1n all the virus strams (M,D, El Amar and SoC) A 764
bp long cDNA fragment, specific to PNRSV coat protem gene and a 220 bp from 3'
non-coding region of PPV was amplified for PCR-ELISA

PNRSYV and PPV PCR products were labeled with DIG-dUTP during the amplification and
captured by 5' biotinylated probes using streptavidin coated ELISA plate Dig-labehng and
colonmetric detection were performed following the PCR-ELISA Kit mstructions
(Boehringer Mannheim)

PNRSV clone Misston 2116 (plasmud msert) and PPV M stramn (maintained on Nicotiana
benthamiana) were used in PCR-ELISA m order to check the specifictty and sensitivity of
this method

Senal dilutions were made with both PNRSV and PPV Dig-labeled PCR products and their
detectability was compared on ethidium bromude stamed agarose gels and by capturing with



a specific probe (PCR-ELISA) This comparison showed that the sensitivity of the
PCR-ELISA was 100X higher than RT-PCR for PNRSV and PPV

Several negative controls were analysed in the same reaction conditions m order to check
the cross contamination between samples and the specificity of the probes The specific
probes captured only the virus specific PCR products No cross contaminations were
detected

Based on results obtained so far 1t seems that the method using the convenient ELISA
format plate 1s switable for large scale testing The use of target-specific capture probe
allows the differentiation between different 1solates, too The method 1s very sensitive,
reliable and relative simple but 1s more expensive due to the Dig-dUTP and calorimetric
detection step Further experiments aimed to evaluate the system using for numerous
PNRSV and PPV solates , are m progress

4 Biological charactenization of PNRSV and PPV 1solates
The biocharacterization of PPV was continued in Hungary and of PNRSV both in Hungary
and Israel
PPV - an experiment was set up to study whether any difference can be found between the
PPV M and D strams 1 the expression and severity of symptom on woody indicators (GF
305, GF 31) and herbaceous species ( C foefidum, Nicotiana benthamiana, N clevelandii)
For this purpose 5 Hungarian PPV 1solates based on molecular and serological analyses
(nested PCR, RFLP, ELISA using strain specific MABs) were selected The moculation
experiments was extended for 18 new therbaceous indicator species Nicotrana debney, N
glauca, N suaveolens, N alata, N fruticosa, N rustica, N acununata, Physalis floridana,
P wxocarpa, P pesuviana, Ranunculus acontifolius, R. caleratus, Verbena hastata, V
utricifolia, V' bonasiensis, Veromca incana, V spicata, V' serpyllifolia Results of the
moculation experiments can be evaluated at the end of 1999
PNRSYV - characterization of the 10 selected PNRSV i1solates was contmued on 10 woody
mndicator species and 13 additional herbaceous indicator species obtamed from abroad in
order to mvolve them to the experiment Chenopodium album, C amaranticolor, C
Jfoliosum, C vulvana, C rubrum , C caportatum, C botrys, C giganticum, Ammi mayus,
Origanum vulvare, Ranunculus arvensis, Vigna sinensis Clones of C quinoa were
purchased from research mstitutions and botanical gardens of seven countries
Propagation of these species and the first inoculations were started in 1998 Evaluation of
the transmussions under greenhouse conditions and 1 the field are i progress Among the 7
C qumoa clones, the one with large leaves ongmating from France proved to be the most
sensitive This clone was also tested for other viruses and the results were promusing
Propagation of the French clone 1s m progress with the aim of gamming large amount of seeds
for further expeniments
In 1998 charactenization of 17 new PNRSV 1solates (5 from Israel, 3 from France and 9
from Hungary) on woody and herbaceous mndicators mentioned above were also started
Results of the moculation experiments can be evaluated at the end of 1999
In Israel, The biological vartability study of solates of PNRSV collected in Hungary and
Israel from infected, locally grown and imported, almond, apricot, peach, plum, a cherry
rootstock vartety and from rose was completed Isolates ongmated from traditronal
cultivars grown commercially for decades in stone fruit orchards (e g Pe25/47, P128),
selections made locally (e g AlSa, Pmal33), imported matenal during post-quarantine (e g
Apr20) and germplasm matenal (Al63) Data were used for further differentiation studies
Among all the 1solates, P1138 (plum, cv “Grand Prize’) was exceptional in causing




severe stunting and necrotic spots on the source trees maintained in an horticultural
evaluation orchard in Hungary since its introduction from Califorma about 40 years ago
Symptoms caused by the other 1solates on host trees ranged from none to apparent growth
reduction and muld leaf symptoms

Graft-inoculations of chip/buds were done onto the woody mdicators P serrulata cv
‘Sturofugen’ and GF305 peach seedlings All the inoculated “Shurofugen’ plants reacted with
a typical local necrotic reaction around the grafted sample and occasional gum flow
Reduced growth was observed with all the 1solates on grafted GF305 plants However, only
1solate P1138 caused severe shoot-tip necrosis when graft moculated on GF305 in the field
conditions under cool and relatively humid conditions in west Hungary but very rarely
caused these symptoms when assays were performed m milder conditions or i the
greenhouse Based on the symptoms observed on natural host trees and supported by graft
alysts, we concluded that P1138 1s a severe 1solate

5 Serotyping PNRSV isolates (Israel)

Sixteen virus 1solates oniginating from Hungary, Israel and the U S A were included in the
serotyping study using MADbs 1 triple antibody-sandwich TAS-ELISA (Table 2) The assay
was performed with dried leaf samples (about 20 mg each) homogenized m extraction
buffer (1 75 w/v) PNRSV-specific y-globulins (AS-0027, DSMZ, Braunschweig,
Germany), diluted 1 500, were used for coating plates and trapping virus from diluted plant
extracts Two MAbs (NA70C9, N63F10, American Type Culture Collection, Rockwville,
MD, U S A) and eight MAbs (116, 460, 294, 141, 348, 399, 563, 410) kindly made
available to us by Dr Donato Boscia (Umversita degh Studi, Ban, Italy) were used as
second antibody (details m Table 2) Assay conditions for TAS-ELISA were as previously
described by Spiegel ef al , (1996) DAS-ELISA (with reagents from BIOREBA,
Switzerland) was included for comparison

All the tested samples reacted positively with MAb C9 and all but one (Apr152) were
posittve with MAb 116 Therefore, m addition to PNRSV-specific PAbs, used m a
DAS-ELISA assay for comparison, MAbs C9 and 116 were found to have a broad detection
range for PNRSV, regardless of the onginal host or geographic origin, but C9 and 116 did
not differentiate among 1solates Based on positive and negative reactions of the tested
samples with the differentiating MAbs, we divided the 1solates into four subgroups (Table
2) MAbs 41, 348, 399 and 563 reacted positively with all five isolates in subgroup 1, and
negatively with eleven 1solates (except for P1Sa) MAbs 294 gave a clear, positive reaction
with subgroup 1 (except for AlSa) and six additional 1solates (subgoup 2) Aprl52 was the
only 1solate which failed to react with seven differentiating MAbs and 116 and reacted
posttively only with MAB 460 Therefore, thus 1solate was considered a separate subgroup
(3) Four 1solates were mcluded m subgroup 4, of which three failed to react with MAB 294
and two with F10 This subgroup may be tentative, pending accumulation of additional data
from a larger number of 1solates

The serotyping results demonstrated that by using a battery of MAbs mcluding 116, 460,
294 and erther one of the MAbs - 41, 348, 399 or 563 in a TAS-ELISA assay 1t was possible
to differentiate all the PNRSV 1solates mcluded in this study and determune their serotyping
However, the serological vaniability among the virus 1solates could not be correlated with
symptom expresston, host species or geographical ongm




Table 2 Results of serotyping PNRSV 1solates according to reactions with virus-specific

monoclonal antibodies

Isolates”

AlCha
Apr20
PiSg
PlOg
AlSa

P1138
Ro
Pe30/4
Pmi33
Pe25/47
Pe28/90

Aprl52

Al63
PlSa
Pe67
P128

*names and ongin of 1solates are as in Table 1

*TAS- and DAS-ELISA assays performed with MABs and PAbs respectively
“MAbs C9 and F10 are abbreviations for NA70C9 and N63F10 (ATCC, USA)
*MAbs 116, 460, 294, 141, 348, 399, 563, 41 were from D Boscia, Ban, Italy

C9 Fi10
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+ 4+

+ + + +

+ 4+ 4+ o+

+ o+ 4+ + o+ +

ELISA® Results using
MAbs™
116 460 294 141 348 399 563
+ o+ o+ o+ o+ 4+ 4+
+ 4+ o+ o+ o+ o+ 4+
+ o+ o+ o+ o+ o+ o+
+ + + + + + +
+ + - + + + +
+ + + + - - -
+ + + - - - -
+ + + nt nt nt nt
+ + + - - - -
+ + + - - - -
+ o+ 4+ - - - -
- + - - - - -
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+ - - + + - -
+ + - - - - -
+ + B - - - -

‘PAbs were from Bioreba AG (Remach, Switzerland)

+ mdicates a positive reaction, - a negative reaction and nt = not tested

41

+ 4+ + + +

PAbs®

+ o+ + o+

+ 4+ + 4+ 4+

+

+ + + +

Sub-
group



6 Differentiation among PNRSV isolates by RFLP analysis of PCR products

Based on variability 1n brological properties and serological data described above, five
1solates - AlCha, AlSa, P1138, Pe30/4 and Apr152, representing subgroups 1, 2 and 3 (Table
2) were mttially selected for RFLP analysis, and 1solate Ro was later included mn the study
PCR products obtamed with primers pair I/II from selected PNRSV-infected 1solates were

subjected to RFLP analysis Aliquots (4ul) of the PCR products were digested by addition of
EcoRlI, Avall and Hinell, followed by an overmght mcubation at 37°C The digested
products were electrophoresed m a vertical 5% polyacrylamude gel mn 40 mM Tris-acetate,
pH 8, 1 mM EDTA (TAE) buffer and visualized by staming with ethidium bromde Several
other enzymes were also tested — BamHI, Kpnl and Alul did not cleave the PCR Products,
Pvull cleaved both P1138 and Apr152 n one 1dentical site and BstXT had a smgle cleavage
site n P1138 and did not cleave Aprl152

Results presented m Fig 1 demonstrate a sumilar, non-differentiating, cleavage pattern for
four 1solates - AlCha, AlSa (subgroup 1), P1138 and Pe30/4 (subgroup 2) with EcoRI, Avall
and HincIT A different, umque digestion profile was obtained for Apr152 (subgroup 3) with
each of the three tested enzymes (Fig 1A,B,C) We have further compared the restriction
pattern of P1138 (representing the four indistingwishable 1solates) with that of Apr152
(subgroup 3) and with an additional 1solate origmating from rose (Ro) EcoRI cleavage of
PCR products obtamned from 1solates P1138 and Ro (Fig 2) yielded three fragments of about
285, 150 and 100 bp long indicating the presence of two EcoRI sites A similar cleavage
profile was obtained with 1solate Pe30/4 (not shown) The PCR products of isolate Apr152
(subgroup 3) were cleaved by EcoRI mto two fragments of about 100 and 480 bp indicating
the presence of only one cleavage site Based on the EcoRI cleavage patterns, 1solates -
P1138, Ro and Pe30/4 (belonging to subgroup 2, Table 2) were mndistinguishable from each
other, while Apr152 (subgroup 3), could be clearly differentiated from all other 1solates
Cleavage of Isolates P1138 and Ro with Avall resulted in two readily resolvable bands (Fig
2) Two closely migrating fragments - 220 and 205 bp long, were observed in the digest of
1solate Ro, in addition to two small fragments of 90 and 40 bp, whereas a single band, of
about 210 bp was observed 1n about the same position in the pattern of 1solate P1138 The
Avall pattern of 1solate Pe30/4 was similar to that of PI138 (not shown) The cleavage
pattern of Apr152 differed from the others yielding fragments of 220, 130, 95, 90 and 40 bp,
mdicating the presence of additional Avall cleavage sites Among the six tested isolates,
only Aprl152 was cleaved by Hincll yielding two fragments (335 and 240 bp long)

7 Sequence analysis of PCR products differentiated by RFLP analysis

The RFLP results were validated by sequence analysis of the PCR products derived from
PNRSYV 1solates P1138, Ro, Pe30/4 and Apr152 and mapping the cleavage sites of the
various restriction endonucleases PCR products of the virus 1solates were cloned mto a
pGEM-T Easy plasmud vector (Promega, Madison, Wi, USA) according to manufacturer’s
mstructions The standard forward and reverse primers of pUC plasmud were used for
sequencing, carried out by the Sequencing Service Center of the Weizmann Institute of
Science, Rehovot, Israel The restriction map diagram (Fig 3) demonstrates the similarity
among 1solates P1138, Ro and Pe30/4 and the umqueness of 1solate Apr152 with respect to
the three tested enzymes — Avall, EcoRI and Hincll (see Figs 1 and 2) Isolate Apr152
lacked an EcoRI site at position 455 (Fig 3) resulting in a larger EcoRI fragment (Fig 2) It
has an additional restriction Avall site positioned at nucleotide no 88 (Fig 3) cleaving the




220 bp fragment mto two smaller ones, 125 and 95 bp (Fig 2 and 3) The three 1solates,
P1138, Pe30/4 and Apr152, on the other hand, have two 1dentical EcoRI sites and did not
have Hincll sites corroborating results of the restriction analysis (Fig 2) It seems, therefore,
that Apr152 has a genome structure that 1s markedly different from those of the other
1solates studied

8 Development and application of alternative molecular methods for PNRSV strain
differentiation - Transcript Conformation Polymorphism (TCP) (Israel)

Differentiation among PNRSV was approached by alternative molecular methods A
simple, approach for detection of genomic differences in human cells 1s the single-stranded
conformation polymorphism (SSCP) method developed by Orita ef af , (1989) This method
1s based on specific migration rates of denatured single-stranded DNA molecules, conferred
by their particular primary and tertiary structures SSCP has been apphed for stran
differentiation of beet necrotic yellow vemn virus, but 1ts sensitivity for detecting mutations
was highly vanable (Koemg ef al , 1995) Sarkar et al , (1992) hypothesized that SSCP of
single-stranded RNA (rSSCP) should have a larger repertoire of secondary structure and
proved 1t to be more sensitive than SSCP m detecting mutations i human factor IX gene

The principle of SSCP was extended by us for differentiation among PNRSV i1solates by
polymorphism of single-stranded (ss) RNA transcripts copied from amplified virus-specific
PCR products In practice, A T7 RNA polymerase promoter was attached to amplified
prunus necrotic ringspot virus (PNRSV) sequences by PCR The PCR products than served
as a template for transcription Single-stranded transcripts onigmated from different PNRSV
1solates varted m electrophoretic mobility in polyacrylamide gels, presumably because of
transcript conformation polymorphuism This procedure was apphied to differentiate among
PNRSV 1solates

Four PNRSV isolates RNA (P1138, Apr152, Ro and Pe30/4), were selected for this
differentiation study, based on biological and serological data (Table 1 and 2) Transcripts
were made from PCR products of the four PNRSV isolates and their mobilities were
analyzed n PAG Transcription of templates with a 3’-end promoter yielded RNAs which
exhibited differential electrophoretic mobilities the transcript of 1solate Apr152 moved faster
than those of the other three (P1138, Ro and Pe30/4) which all showed the same mobility
Transcripts of 1solates P1138 and Pe30/4 made from templates with a 5’-end promoter have
the same mobility, while transcripts of 1solates Apr152 and Ro were slower RNAs of the
four PNRSV 1solates transcribed from templates with promoter on the 3’ and the 5’ ends
had about the same mobility, and could not be used for differentiation purposes, whereas the
single-strand transcripts could

The PCR product of each virus 1solate (which served as a template for transcription) was
sequenced, and the degree of nucleotide diversity compared with the sequence of 1solate
P1138, was determmed The highest diversity (about 13%) was found in the sequence of
1solate Aprl52, less in Ro (~ 4%) and only minor transitions (~ 1%) were spotted m the
sequence of the Pe isolate These data were published (Rosner, Maslenn and Spiegel, 1998,
enclosed to ths report)
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Fig 1 RFLP patterns of PNRSV 1solates AlCha, AlSa, P1138 and Pe30/4 PCR products
amphified from total RNA extracted from 1solates were cleaved with Avall (A), EcoRI (B)
and Hincll (C) Digests were fractionated in 5% PAG and stamned with EfBr — enz,
uncleaved PCR product of 1solate P{138 M, DNA size marker III (Boehringer, Mannnheim,

Germany)
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Fig 2 A companson of cleavage products of PNRSV 1solates P1138, Apr152 and Ro
digested with EcoRI and Avall Details are as m Fig 1
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(620 bp long, see Matenials and Methods) of PNRSV 1solates P1138, Ro, Pe30/4, Apr152
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C Scaientific Impact of Collaboration

Hungary - Dr M Kolber lead the development of large scale NASH method and the ELISA
tests DrM Nemeth lead the biological studies i the field and in the greenhouse Dr G
Tokes participated in the ELISA and NASH experiments L Krizbai was responsible for
performung the PCR assays

Israel - Dr S Spiegel lead the biological aspects of this project (1dentification and selection
of mfected trees, bio-characterization of 1solates) and the serological (DAS-ELISA and
MABs based assays) differentiation Dr A Rosner lead the development and application of
the various PCR techmques and the characterization of PNRSV 1solates by molecular
methods

D Description of Project Impact

The development of new PCR assays (one-tube and one-tube multiplex RT-PCR) for
detection of PNRSV and PPV will provide possibilities to mtroduce these methods m
post-quarantme tests and mn certification schemes for production of virus free plant matenals
Serotyping and molecular charactenzation studies of PNRSV 1solates 1s resulting i new
data added to the current body of knowledge on virus strain differentiation and may lead to
better understunding of the disease, caused by thus virus It 1s anticipated that the methods
developed 1n this project will be adopted for detection also for other viruses

E Strengthening of Developing Country Institutions

The establishment and putting into operation of the PCR lab in PHSCS, Budapest, with
funding from a USDA OICD grant, contributed to upgrading this diagnostic lab and added a
new, much needed, molecular biology dimension to this laboratory

The recent availability of a newly constructed controlled greenhouse (from other funds) in
Valence, Hungary, allows m-greenhouse, short-term mdexing on woody mdicators
Obtaining biological data within a short period of time contributes to shortening the testing
process and facilitates studying virus 1solates It 1s expected that sensitive methods will be
developed for the major fruit tree viruses m Hungary and probably to other viruses too

F. Future work

The activities concerned with this project are generally on schedule with a few exceptions
The approval given to our request to end the project in January 2000 (without add:tional
finds) will allow us to continue work on several aspects including season-dependent
experiments Based on results (detailed above) that the NASH method was found less
senstttve and more time-consumung than the RT-PCR assay we plan to evaluate the recently
developed ELISA version of the PCR technology (Rowhani, 1997) for large scale testing
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Section 1

A Managenal Issues

The activity 1n this project continued to be intensive mn both countries Based on results
obtamned during the second year several decisions were made In Hungary the NASH method
was found less sensittve and more time-consuming than PCR (results detailed above ) and
not suitable for large-scale testing Therefore, the ELISA-PCR method, published recently,
will be evaluated mstead In Israel, the 3SR method was unsuccessful, however, several
other molecular approaches were sucsessfully developed and applied to selected PNRSV
1solates since the second annual report

The extension of the project till January 2000 will allow both groups to complete these tasks
and get more season-related data

B_Budget
No major changes were made to the budget

C _Special Concerns
No protocols which address special concerns were developed

D _ Collaboration, Travel, Trammng and Publication

Drs S Spiegel and A Rosner visited the Hunganan laboratory m July, 98 using funds of this
project (A Rosner) and other funds (S Spiegel) In addition to a visit to the lab i Budapest,
which allowed exchange of information in person and detailed planming of experiments, a
field trip mncluding the new facility and discussions with personal on site n Valence was
included Dr Spiegel will visit the Hungarian group in June 99 Commumnication between
the Israeh and the Hungarian labs 1s very frequent by e-mail

Several research papers resulting from this project were compiled and some already
published since the second annual report
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List of Publications since the second annual report

Knzbai, L , Kolber, M, Nemeth, M , Rosner, A, Spiegel, S 1998
Detection of Prunus necrotic ringspot virus by immunecapture PC (IC-PCR) assay (in
Hunganian) Scientific Plant Protection Days'98, Budapest, Abstracts of Papers p 114

Rosner, A , Maslenin, L , Spiegel, S 1998
Dufferentiation among solates of prunus necrotic ringspot virus by transcript conformation
polymorphism J Virol Methods 74 109-115

Rosner, A , Stuboleth, Y, Spiegel, S, Knizbay, L , Kolber, M, 1998
Evaluating the use of immunocapture and sap-dilution PCR for the detection of prunus
necrotic rningspot virus Acta Hortic 472 227-233

Spiegel, S, Tam, Y , Maslenn, L , Kolber, M, Nemeth, M , Rosner, A 1999

Typing prunus necrotic ringspot virus by serology and restriction endonuclease analysis of
PCR products (manuscript submutted for publication)
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Abstract

A method based on ditferences in electrophoretic mobilitv ot RNA transcripts made from polvmerase chamn
reaction (PCR) products wis used for ditferentiation among virus 1solites A T7 RNA polymerase promoter was
attached to amplified prunus necrotic ringspot virus (PNRSV) scquences bv PCR The PCR products then served ds
1 templite for transcription Single stranded transcripts ongmated from dilferent PNRSV isolates varied 1 elfue
trophoretic mobility 1n polyacrylamide gels presumably because ot trinscript contormation polymorphism (TCP)
This procedure was applied tor the differentiation ot PNRSV 1solates © 1998 Elsevier Science BV All rights
reserved

Kovwords Prunus necrotic ringspot virus Strain differentiation [Harviruses PCR Transcription

1 Introduction was used for detection of PNRSV in dormant
peach trees (Spiegel et al 1996 Rosner et al
Prunus necrotic ringspot ilarvirus (PNRSV) 1s 1997) PNRSV ewsts as numerous isolates or
a positive RNA virus with a tripartite genome stramns that vary widely m their pathogenic bio-
which occurs worldwide in Prunus spp (Nemeth physical and serological properties (Aebig et al
1986) Detection of PNRSYV in stone-fruit species 1987 Crosslin et al 1992) Differences m elec-
1s carried out during the active growing season by trophoretic migration of the three genomic RNAs
enzyme-linked mmmunosorbent assay (ELISA) were noted among PNRSV isolates (Crosslin and
Recently the polymerase cham reaction (PCR) Mink, 1992) The exstence of distinct serotypes
may complicate attempts to identify PNRSV -
* Corresponding author Tel +972 3 9683561 fax +972 fections solely on the basis of serology (Mink et
3 9604180 e mail vpsarasp@volcan: agri gov 1l al, 1987)
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EVALUATING THE USE OF IMMUNOCAPTURE AND SAP-DILUTION PCR FOR
THE DETECTION OF PRUNUS NECROTIC RINGSPOT VIRUS

A Rosner Y Shibolethand S Spregel L krisbatand M kolber

Department ot Virology Plant Health wnd Soil Conscrvation Station
The Volcan Cunter Budapest

BuDigmn Hungn

Intwl

hovwards PNRSVY poch thuvius PCR
Absit it

Re wtion conditions were imvestigated for the detection of PNRSV o poch ttees using
mmunocptuie polvmerse chun reaction (IC-PCRY with vonm mivedoblistosts virus
revarse tonsaaptse NN RDY [ncubation of the RT wwnion 46 C rosulied in hizha
loveds o mphihed products s compued with the wccommendad 7 ¢ Pochowmg the
T ao mnuie Sy Ctor > munutes further mproved PCR vicdds vs e o ¢
PNRSY could bedeteeted by RI-PCR direetls s plane sap Usidhluted sip wos neg e m
PCR presumiibly due o the presenee ol PCR mlubitors Difution of sap  lest 10y
tesulted mosuceesstul PCR O unphiticwon o the sius-specttic DN A frigment s dieat
procedure i he cstby pplicd tor Tuge sale testing howesar 10 PCR o which also sords
the mhibitors ctieet proved to be more sensitive nd suitable lor los suus uters

I Inuoduction

Prunus nectote imaspot vius (PNRSVE s i davous occunng world wide mstone
frurts NVous situns e from hidhhy vitalent o ssmiptomless (halton 195 1 Relnible
dotcction ot PNRSY s requined i the it free mdustiy o nvord the costly long e
muntenee ob sioas micated nmatarnl nd Dolosald wdasms Bross s ne nme
constuming wnd sometimes meoncdusive The diibihe of THISV s Tmuted due 1o
uctutions e svirus coneentn won between se sons mnd uneven distitbution i the v utous
puts ol mbected tees (Seott o af 1989) Beewse of these md othar problums aftermane
moleeud i technrges for virus detection were pplicd The polvmer ise chun rewtion (PCRY
method  busad on mphficwion of nucdae wids sequences (hoth DN mnd revarse
winsenibed RN (Dohaty o of - 1989 proved 0 be 1 hughlv sensiive diignostic
procedure which is inare singhy bang used tor plant viuses meduding PNRSV (Spieael o
al 19963 Howaver plant tssues v uv m the case with which vinl nucdue awds can be
putiticd and m the presence ot mhiubitorv factors Celdl wall composttion (¢ g starch)y reactive
seeondars products (¢ g phenofie) and the tvpe ot mtection (systemie ot focalized) may have
an offeet We have provioushy demonstrated that the mtroduction ot Sephades G-20
purtticwon step removed much ol these mlubitory substrancets) from the viral RNA
prep rtion (vunsh or af - 1991 In the prosent report we desenibe anothar aipproach using 1€
and 1 much simpler sap-dilution protocol to overcomu this inlubitors cifect

Reverse trnseription of RN Visolated Trom inlected tissuc 1s a cructal step i RT-PCR ol
RN A viruses [wo RI wnzvmes - avian myvdlobastosts sirus ¢ AMV-R1) ind molonev murine
lcuhacmia vicus (MMLY R1) (krug and Berger 1987) are commonly used in RT-PCR
These enzvmes marhedly differ m some basic charactenstics the optimal temperature of
incubation for AMV-RT 1s 42°C and 1t 1s relauvels stable in a diluted sofunon The cloned
MMLV-RT 1s active at 37°C and 15 highlv labtlc AMV-RT was therctore applied n our
resedreh project
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