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Executive Summary 

The actIVitIes dunng the thrrd year ofthts project focused on (a) tmprovmg and evaluatmg 

sensItIve detectIOn assays for prunus necrottc nngspot VlfUS (PNRSV) and plum pox VlfUS 

(pPV) and (b) studymg stram dIfferentIatIon ofPNRSV by serological and vanous molecular 

methods 

PCR-based assays for were further studIed m both countnes Both Immuno-capture (IC)­

PCR and ELISA-PCR were evaluated for theIr sensItIvIty and rehability for large scale 

testtng m certIficatIon programs A companson With the standard DAS-ELISA assay was 

mc1uded Although both PCR verSIOns were found to be more sensItIve than ELISA, the 

rehabIhty of IC-PCR was hmtted m several cases, maybe due to mhtbltors m the plant sap 

ELISA-PCR IS still bemg studied Prehmmary results show a htgh sensItIvIty, however, the 

cost of reagents may hmtt ItS use for large scale testmg A peR assay mvolvmg an addItIOnal 

m Vitro transcnptlon of the ampltfied product was apphed to PNRSV detectton The 

transcnbed products were also used for dtfferentiatlon among VlfUS Isolates (descnbed 

below) 

DtfferentIatlOn among PNRSV Isolates from vanous hosts and geograpmc ongm was 

done by blOassays, serotypmg With MAbs from two sources, RFLP analysIs and transcnpt 

conformatlOn polymorphtsm (TCP), a method based on dtfferences m electrophoretIc 

mobility of RNA transcnpts made from PCR products 

The serotypmg results demonstrated that by usmg a battery of 4 MAbs It was pOSSIble to 

dtfferentIate all the PNRSV Isolates mcluded m this study and determme therr serotypmg 

However, the serological vanabilIty among Virus Isolates could not be correlated WIth 

symptom expresslOn, host speCIes or geographical ongm RFLP results WIth several 

endonuc1eases (EcoRl, Avall, Hmcll) dIfferentIated among the Isolate groups SImIlar to the 

serotypmg results the severe Isolate (P1138) was not smgled out, however, one other Isolate 

(Apr 152) was dIfferent from all the other Isolates On the baSIS of the TCP data obtamed 

WIth several PNRSV Isolates It was concluded that transcnptlOn of the PCR products should 

be made m two onentatlOns 3' - and 5' -end promoters 

The PNRSV dIfferentIatIon results obtamed m this project contnbute to stram 

dIfferentIatIOn ofPNRSV, however, questIOns regardmg seventy and nu.ldness remam open 
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Section I 

A Research ObjectIVes 

The specrfic objectIves for the tlurd year of the project are 

a ApplIcatIon of target sequence amplIficatIon techruques for PNRSV ar.d PPV and 
development of a sensItIve alternatIve assay for large scale testmg ofPPV These methods 
WIll be compared WIth conventtonal ELISA and bIOassays 
b Study VIruS stram charactenzatlon by bIologIcal, serologIcal and molecular methods 
c Evaluate fluctuatIOns m VIruS concentratton m mfected hosts towards preparatIOn for a 
'test calender' for the targeted VIruses 

B Research accomplIshments 

The actIVItIes durmg the thtrd year of thts project were devoted to 

• Development ofIe-peR and peR-ELISA assays for detectIon ofPNRSV and PPV 
and comparattve expenments WIth DAS-ELISA 

• peR assays and alternattve amphficatlOn methods for PNRSV detectIon and stram 
dIfferenttatIOn studIes 

• BIOlogICal charactenzatlOn and vanabIhty ofPNRSV and PPV Isolates 
• Serotypmg ofPNRSV Isolates 
• DIfferenttatton among PNRSV Isolates by RFLP analYSIS of peR products 
• Sequence analYSIS of PCR products differenttated by RFLP analYSIS 
• Development and apphcatIOn of alternative molecular methods for PNRSV stram 

dIfferentiatIon - Transcnpt ConformatIOn PolymorphIsm (TCP) (Israel) 

1 Development of IC-PCR assays for detectlOn ofPNRSV and PPV and comparatIve 
expenments WIth DAS-ELISA (fIungary) 
In the frame of the certmcatIOn scheme for stone frUIt speCIes large number of mother trees 
has to be tested WIth a senSItIve method All over the world ELISA IS used routmely for thIs 
purpose although there are certam penods of tIme when ELISA cannot be used rehably for 
detectlOn of the decreased VIruS concentratIOn DIfferent vanations ofPCR technology seem 
to be proIDlsmg for thts rum Thus, m thts Jomt project we planned to develop/adapt several 
PCR vanattons m order to be able to detect PNRSV and PPV m stone frUIt speCIes dunng 
the whole year around 
In the preVIOUS year we reported about the adaptatIOn ofRT -PCR technology for PNRSV 
and PPV and development of one-tube multIplex RT-PCR for detectIOn of mIXed InfectIons 
caused by these two VIruses In order to vahdate these assays m 1998 several trees of 
dIfferent stone frUIt speCIes were tested by these methods and compared to the results of 
ELISA Samples from 45 peach trees, 60 cherry trees and 23 symptom-showmg plum trees 
belongmg to dIfferent culttvars were analyzed WIth the conventtonal RT -PCR and one-tube 
multiplex RT -PCR for PNRSV and PPV mfectlon ELISA detected 8 PNRSV, 43 PPV and 
3 mIXed InfectIons Conventtonal RT-PCR assays revealed 9 PNRSV, 47 PPV-Infected 
samples and 5 mIXed mfecttons were found Although m these mvesttgattons PCR techmques 
proved to be more sensIttve than ELISA they had also theIr hmttattons It was found that the 
VIruS was detected by peR only m 8 out of23 plum trees WIth typICal symptoms ofPPV It 
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IS assumed that the illgh mlnbltor content m plum leaves caused the illgh number of negative 
results when the samples were tested by PCR In order to overcome tills problem and as 
RT-PCR assays are very labor mtenslVe m 1998 IC-PCR method was adapted/developed as 
It does not requIre comphcated RNA prepararatIOn The method developed by Rosner et al 
(1998) for detection ofPNRSV was mtroduced m the laboratory of Hungary (Knzbru et al , 
1998) The same PCR conditions were apphed for PPV detectton usmg antl-PPV-IgG from 
Loewe (Germany) In comparative PNRSV tests 12 peach and 19 cherry trees for the 
presence ofPNRSV, RT-PCR detected 18, IC-PCR 161nfected samples ELISA gave Ingh 
extmctIOn With 12 samples and a weak reactton With 3 trees In case oftestmg for PPV of95 
trees of apncots, peaches and plums wIth unknown health status the followmg number of 
Infected trees were found RT-PCR 5,IC-PCR 4 and by ELISA 2 
In 1999 expenments for modtficatlOns ofIC-PCR assays are m progress followed by 
comparative tests wIth the rum ofunprovmg the detectabthty ofPNRSV and PPV m 
dIfferent stone frUit species 

2 PCR assays and alternatIve amphficatIOn methods for PNRSV detection and stram 
differentIatIon studies Usrael) 
The RT -PCR technology for detectIon ofPNRSV m woody hosts, willch was developed 
dunng the first year of tIns project and fine-tuned dunng the second year was put mto use 
both m Israel and m Hungary In addItIOn to RNA-RT-PCR (one tube) reactIOns, we 
combmed PCR amphfication With m VItro transcnptlon of the target sequence by T7 RNA 
polymerase The T7 polymerase promoter was added to peR products ofPNRSV by usmg 
VIrus-specrfic pnmers willch also mclude the promoter sequence Tills enabled an additional 
amphfication step obtruned by m VItro transcnptIOn of the PCR products With T7 RNA 
polymerase Each PCR molecule ytelded about a hundred molecules of RNA transcnpts In 
addItion to mcreasmg the amount of the amphfied VIruS speCIfic product and reducmg 
non-specIfic bands obtruned by tills method, the transcnbed products were also be used for 
PNRSV stram dIfferentiatIon studIes, detatled below 

3 PCR-ELISA for detectIOn ofPNRSV and PPV (Hungary) 
The PCR-ELISA was optmllzed for sensItIve detectton ofPNRSV and PPV Tills method IS 
recommended when the VIruS concentratIOn IS very low or the ongm ofPCR products are 
unknown (hybndtzatIOn) 
The umversal PNRSV capture probe was selected from coat protem gene and labeled With 
bIOtm at the 5' end Tills sequence IS present m all known PNRSV Isolates With very mInor 
modIficatIons The PPV blotmylated capture probe was developed to the umversal3' 
non-codmg regIOn winch IS present m 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-codmg regIOn ofPPV was amphfied for PCR-ELISA 
PNRSV and PPV peR products were labeled With DIG-dUTP dunng the amphficatIOn and 
captured by 5' blotmylated probes usmg streptaVIdm coated ELISA plate Dig-labehng and 
colonmetnc detectIon were performed followmg the peR-ELISA KIt mstructIOns 
OBoehnnger~annheun) 

PNRSV clone Mlsslon 2116 (plaSmId msert) and PPV M stram (mamtamed on Nicotiana 
benthamtana) were used m PCR-ELISA m order to check the speCifiCIty and senSItIVIty of 
tills method 
Senal dtlutlons were made WIth both PNRSV and PPV Dig-labeled peR products and theIr 
detectabthty was compared on etlndlUm bromIde stamed agarose gels and by captunng With 
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a speclfic probe (pCR-ELISA) ThIs companson showed that the sensItiVIty of the 
peR-ELISA was 100X hIgher than RT-PCR for PNRSV and PPV 
Several negatIve controls were analysed m the same reactIOn condlttons m order to check 
the cross contammatlOn between samples and the speclficIty of the probes The speCIfic 
probes captured only the VIrus speCIfic PCR products No cross contammatIons were 
detected 
Based on results obtamed so far It seems that the method usmg the converuent ELISA 
format plate IS SUItable for large scale testmg The use of target-specIfic capture probe 
allows the dtfferentiatIOn between drlferent Isolates, too The method IS very senSItIve, 
relIable and relattve SImple but IS more expenSIve due to the Dlg-dUTP and calonmetnc 
detectIOn step Further expenments aImed to evaluate the system usmg for numerous 
PNRSV and PPV Isolates, are m progress 

4 BIOlOgIcal charactenzatlOn ofPNRSV and PPV Isolates 
The blOcharactenzatIOn of PPV was contInued m Hungary and ofPNRSV both m Hungary 
and Israel 
PPV - an expenment was set up to study whether any dIfference can be found between the 
PPV M and D strains m the expressIOn and seventy of symptom on woody mdicators (GF 
305, GF 31) and herbaceous speCIes (C /oetldum, NlcotIana benthamzana, N clevelandll) 
For thIs purpose 5 Hunganan PPV Isolates based on molecular and serolOgical analyses 
(nested peR, RFLP, ELISA usmg strain specrfic MABs) were selected The moculatlOn 
expenments was extended for 18 new therbaceous mdicator speCIes NlCotlana debney, N 
glauca, N suaveolens, N alata, N jrutlcosa, N rustIca, N acummata, PhysalIs jlondana, 
P lxocarpa, P pesuvrana, Ranunculus acontIjollus, R caleratus, Verbena hastata, V 
utncifolla, V bonaslensls, Veronica mcana, V splcata, V serpyllifolla Results of the 
moculatIon expenments can be evaluated at the end of 1999 
PNRSV - charactenzatlOn of the 10 selected PNRSV Isolates was contmued on 10 woody 
mdicator speCIes and 13 addlttonal herbaceous mdlcator speCIes obtamed from abroad m 
order to mvolve them to the expenment Chenopodmm album, C amarantIc%r, C 
jollOsum, C vulvana, C rubrum, C capOltatum, C botrys, C grgantIcum, Amml maJus, 
Onganum vu/vare, Ranuncu/us arvensls, Vigna smenSIS Clones of C qumoa were 
purchased from research mstttutions and botarucal gardens of seven countnes 
Propagatton of these speCIes and the first Inoculations were started m 1998 Evaluatton of 
the tranSmISSIOnS under greenhouse condItIons and m the field are m progress Among the 7 
C qumoa clones, the one With large leaves ongmattng from France proved to be the most 
senslttve Thts clone was also tested for other VIruses and the results were promtsmg 
PropagatIon ofthe French clone IS m progress With the aim of gammg large amount of seeds 
for further expenments 
In 1998 charactenzatIOn of 17 new PNRSV Isolates (5 from Israel, 3 from France and 9 
from Hungary) on woody and herbaceous mdicators mentIoned above were also started 
Results of the moculatton expenments can be evaluated at the end of 1999 
In Israel, The bIOlogtcal vanabIhty study of Isolates ofPNRSV collected m Hungary and 
Israel from mfected, locally grown and tmported, almond, apncot, peach, plum, a cherry 
rootstock vanety and from rose was completed Isolates ongtnated from tradItIonal 
cultlVars grown commercIally for decades m stone fruIt orchards (e g Pe25/47, P128), 
seleCTIons made locally (e g AlSa, Pma133), Imported matenal durmg post-quarantme (e g 
Apr20) and germplasm matenal (Al63) Data were used for further drlferentlatlOn studIes 

Among all the Isolates, Pl138 (plum, cv 'Grand Pnze') was exceptlOnal In causmg 

5 



severe stuntmg and necrotIC spots on the source trees mamtamed m an hortIcultural 
evaluatIon orchard m Hungary smce Its mtroductlon from CalIforrua about 40 years ago 
Symptoms caused by the other Isolates on host trees ranged from none to apparent growth 
reductIon and mIld leaf symptoms 
Graft-mocuiations of chIplbuds were done onto the woody mdIcators P serrulata cv 
'Smrofugen' and GF305 peach seedhngs All the moculated 'ShIrofugen' plants reacted WIth 
a tYPICal local necrotIc reactlOn around the grafted sample and occasIOnal gum flow 
Reduced growth was observed With all the Isolates on grafted GF305 plants However, only 
Isolate P1138 caused severe shoot-up necroSIS when graft moculated on GF305 m the field 
condItIons under cool and relatIvely hUmId condItIOns m west Hungary but very rarely 
caused these symptoms when assays were performed m rmlder condItIons or m the 
greenhouse Based on the symptoms observed on natural host trees and supported by graft 
alYSIS, we concluded that P1138 IS a severe Isolate 

5 Serotypmg PNRSV Isolates (Israel) 
SlXteen VIruS Isolates ongmatmg from Hungary, Israel and the USA were mcluded m the 

serotypmg study usmg MAbs m tnple antIbody-sandWich TAS-ELISA (Table 2) The assay 
was performed With dned leaf samples (about 20 mg each) homogemzed m extractIon 
buffer (1 75 w/v) PNRSV-specrfic r-globuhns (AS-0027, DSMZ, BraunschweIg, 
Germany), diluted 1 500, were used for coatmg plates and trappmg VIruS from diluted plant 
extracts Two MAbs (NA70C9, N63FI0, Amencan Type Culture CollectIon, Rockvtlle, 
MD, USA) and eIght MAbs (116,460,294, 141,348,399,563,410) kmdly made 
avrulable to us by Dr Donato BOSCIa (Umversita degh StudI, Ban, Italy) were used as 
second antibody (detruls m Table 2) Assay condItIOns for TAS-ELISA were as prevIOusly 
descnbed by SpIegel et al ,(1996) DAS-ELISA (WIth reagents from BIOREBA, 
SWitzerland) was mcluded for companson 

All the tested samples reacted posItively With MAb C9 and all but one (AprI52) were 
pOSItIve With MAb 116 Therefore, m addItIOn to PNRSV -specIfic P Abs, used m a 
DAS-ELISA assay for companson, MAbs C9 and 116 were found to have a broad detectIOn 
range for PNRSV, regardless of the ongtnal host or geographIc ongtn, but C9 and 116 dId 
not dIfferentIate among Isolates Based on pOSItIve and negative reactlOns of the tested 
samples WIth the dIfferentIatIng MAbs, we dIVIded the Isolates mto four subgroups (Table 
2) MAbs 41,348,399 and 563 reacted pOSItIvely WIth all five Isolates ill subgroup 1, and 
negatIvely With eleven Isolates (except for PISa) MAbs 294 gave a clear, POSItIve reactIOn 
With subgroup 1 (except for AlSa) and SIX addItIOnal Isolates (subgoup 2) Apr152 was the 
only Isolate wmch fruled to react With seven dIfferentIatIng MAbs and 116 and reacted 
POSItIvely only WIth MAB 460 Therefore, thIs Isolate was conSIdered a separate subgroup 
(3) Four Isolates were mcluded m subgroup 4, of whIch three fruled to react With MAB 294 
and two With FlO ThIs subgroup may be tentatIve, pendmg accumulatIon of addItIonal data 
from a larger number of Isolates 

The serotypmg results demonstrated that by usmg a battery ofMAbs mc1udmg 116, 460, 
294 and eIther one of the MAbs - 41,348,399 or 563 ill a TAS-ELISA assay It was pOSSIble 
to dIfferentIate all the PNRSV Isolates mc1uded m tms study and determme therr serotypmg 
However, the serologtcal vanabIhty among the VIruS Isolates could not be correlated WIth 
symptom expressIOn, host speCIes or geograpmcal ongm 
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Table 2 Results of serotypmg PNRSV Isolates accordmg to reactIons WIth VIrus-speCIfic 
monoclonal antIbodIes 

ELISAb Results usmg 

MAbscd 

Isolates3 C9 FlO 116 460 294 141 348 399 563 41 

AlCha + + + + + + + + + + 
Apr20 + + + + + + + + + + 
PISg + + + + + + + + + + 
PIOg + + + + + + + + + + 
AlSa + + + + + + + + + 

P1138 + + + + + + 
Ro + + + + + 
Pe30/4 + + + + + nt nt nt nt nt 
Pm133 + + + + + 
Pe25/47 + + + + + 
Pe28/90 + + + + + 

Apr152 + + 

Al63 + + + + 
PISa + + + + + 
Pe67 + + + 
P128 + + + 

a names and ongm of Isolates are as m Table 1 
bTAS- and DAS-ELISA assays perfonned WIth MABs and P Abs respectIvely 
cMAbs C9 and FlO are abbreVIatIons forNA70C9 and N63F10 (ATCC, USA) 
dMAbs 116,460,294, 141,348,399,563,41 were from D BoscIa, Ban, Italy 
ep Abs were from BIOreba AG (Remach, SWItzerland) 
+ mdicates a posItIve reactIOn, - a negatIve reactIon and nt = not tested 
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6 DIfferenttation among PNRSV Isolates by RFLP analysIs ofPCR products 

Based on vanabthty m bIOlogIcal propertIes and serolOgIcal data descnbed above, five 
Isolates - AlCha, AlSa, P1138, Pe30/4 and Apr152, representmg subgroups 1, 2 and 3 (Table 
2) were mtttally selected for RFLP analYSIS, and Isolate Ro was later mcluded m the study 
PCR products obtamed With pnmers paIr IIII from selected PNRSV -mfected Isolates were 

subjected to RFLP analYSIS Ahquots (4~1) of the peR products were dIgested by addItIOn of 
EcoRI, Avail and Hmcll, followed by an ovenught mcubation at 37°C The dIgested 
products were electrophoresed m a vertIcal 5% polyacrylamtde gel m 40 mM Tns-acetate, 
pH 8, 1 mM EDTA (TAE) buffer and VIsualIzed by staImng With ethtdmm bromIde Several 
other enzymes were also tested - BamHI, KpnI and Alul dId not cleave the PCR Products, 
Pvull cleaved both P1138 and AprI52 m one Identtcal SIte and BstXI had a smgle cleavage 
SIte m P1138 and dId not cleave Aprl52 

Results presented m FIg 1 demonstrate a sImIlar, non-dIfferenttatmg, cleavage pattern for 
four Isolates - AlCha, AlSa (subgroup 1), P1138 and Pe30/4 (subgroup 2) With EcoRI, Avail 
and HmcII A drlferent, umque dIgestIOn profile was obtamed for AprIS2 (subgroup 3) With 
each ofthe three tested enzymes (FIg IA,B,C) We have further compared the restnctIOn 
pattern ofP1138 (representmg the four mdIstmguIshable Isolates) With that of AprIS2 
(subgroup 3) and With an addittonalisolate ongmattng from rose (Ro) EcoRI cleavage of 
PCR products obtaIned from Isolates P1138 and Ro (FIg 2) Yielded three fragments of about 
28S, ISO and 100 bp long mdIcatmg the presence of two EcoRI SItes A s1mIlar cleavage 
profile was obtamed wIth Isolate Pe30/4 (not shown) The PCR products of Isolate AprlS2 
(subgroup 3) were cleaved by EcoRI mto two fragments of about 100 and 480 bp mdicatmg 
the presence of only one cleavage SIte Based on the EcoRI cleavage patterns, Isolates -
P1138, Ro and Pe30/4 (belongmg to subgroup 2, Table 2) were mdIstmgUIshable from each 
other, whtle AprIS2 (subgroup 3), could be clearly drlferentiated from all other Isolates 
Cleavage ofIsolates P1138 and Ro With Avail resulted m two readtly resolvable bands (FIg 
2) Two closely mIgrattng fragments - 220 and 20S bp long, were observed In the dIgest of 
Isolate Ro, m addItIOn to two small fragments of90 and 40 bp, whereas a smgle band, of 
about 210 bp was observed m about the same po SItton m the pattern of Isolate P1138 The 
Avail pattern of Isolate Pe30/4 was slffillar to that ofP1138 (not shown) The cleavage 
pattern of AprI52 dIffered from the others YIeldmg fragments of220, 130,95,90 and 40 bp, 
mdIcattng the presence of addIttonal Avail cleavage SItes Among the SlX tested Isolates, 
only AprIS2 was cleaved by Hmcll YIeldmg two fragments (335 and 240 bp long) 

7 Sequence analYSIS of PCR products differenttated by RFLP analYSIS 

The RFLP results were valIdated by sequence analYSIS of the PCR products denved from 
PNRSV Isolates P1138, Ro, Pe30/4 and Apr 1 52 and mappmg the cleavage SItes of the 
vanous restnctIOn endonucleases PCR products of the VlfUS Isolates were cloned mto a 
pGEM-T Easy plaSmId vector (promega, MadISOn, Wi, USA) accordmg to manufacturer's 
mstructIOns The standard forward and reverse pnmers of pUC plaSmId were used for 
sequencmg, carned out by the Sequencmg ServIce Center of the Wetzmann InstItute of 
SCIence, Rehovot, Israel The restnctton map dIagram (FIg 3) demonstrates the s1ffi11anty 
among Isolates P1138, Ro and Pe30/4 and the umqueness of Isolate AprIS2 With respect to 
the three tested enzymes - Avail, EcoRI and Hmcll (see FIgS 1 and 2) Isolate Apr 1 52 
lacked an EcoRI SIte at positton 4S5 (FIg 3) resultmg m a larger EcoRI fragment (FIg 2) It 
has an addittonal restnctlOn AvaIl SIte posIttoned at nucleotIde no 88 (FIg 3) cleaVIng the 
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220 bp fragment mto two smaller ones, 125 and 95 bp (FIg 2 and 3) The three Isolates, 
PI138, Pe30/4 and AprIS2, on the other hand, have two IdentIcal EcoRI sites and did not 
have Hmcil sites corroboratmg results of the restnctlOn analysIs (Fig 2) It seems, therefore, 
that AprlS2 has a genome structure that IS markedly drfferent from those of the other 
Isolates studied 

8 Development and apphcatlOn of alternative molecular methods for PNRSV stram 
drfferentlatlOn - Transcnpt ConformatlOn Polymorpmsm (TCP) (Israel) 

DrfferentIatlOn among PNRSV was approached by alternatIve molecular methods A 
simple, approach for detectlOn of genonuc drfferences m human cells IS the smgle-stranded 
conformatlOn polymorpmsm (SSCP) method developed by Onta et al ,(1989) Tms method 
IS based on specmc ITIlgratlOn rates of denatured smgle-stranded DNA molecules, conferred 
by theIr partIcular pnmary and tertIary structures SSCP has been apphed for stram 
differentIatlOn of beet necrotIc yellow vem Vlrus, but ItS sensltIVlty for detectIng mutatIons 
was lnghly vanable (Koemg et al , 1995) Sarkar et al , (1992) hypotheSIZed that SSCP of 
SIngle-stranded RNA (rSSCP) should have a larger repertolfe of secondary structure and 
proved It to be more senSItIve than SSCP In detectIng mutatIons In human factor IX gene 

The pnnciple of SSCP was extended by us for drfferentlatlon among PNRSV Isolates by 
polymorpmsm of smgle-stranded (ss) RNA transcnpts copIed from amplrlied Vlrus-speCIfic 
PCR products In practIce, A T7 RNA polymerase promoter was attached to amplrlied 
prunus necrotIc nngspot VIruS (PNRSV) sequences by PCR The PCR products than served 
as a template for transcnptlon SIngle-stranded transcnpts ongmated from drfferent PNRSV 
Isolates vaned m electrophoretIc mobility In polyacrylaITIlde gels, presumably because of 
transcnpt conformatIon polymorpmsm Tms procedure was apphed to drfferentlate among 
PNRSV Isolates 

Four PNRSV Isolates RNA (p1138, Apr152, Ro and Pe30/4), were selected for tms 
dtiferentIatIon study, based on blOloglcal and serolOgical data (Table 1 and 2) Transcnpts 
were made from PCR products of the four PNRSV Isolates and therr moblhtles were 
analyzed In P AG Transcnptlon of templates WIth a 3' -end promoter Yielded RNAs whIch 
exhtblted drfferential electrophoretIc mobilitIes the transcnpt of Isolate Apr 1 52 moved faster 
than those of the other three (p1138, Ro and Pe30/4) wmch all showed the same mobility 
Transcnpts of Isolates P1l38 and Pe30/4 made from templates With a 5' -end promoter have 
the same mobility, whIle transcnpts of Isolates AprI52 and Ro were slower RNAs of the 
four PNRSV Isolates transcnbed 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 
smgle-strand transcnpts could 

The PCR product of each VlruS Isolate (wmch served as a template for transcnptlOn) was 
sequenced, and the degree of nucleotIde dIverSIty compared With the sequence of Isolate 
PI138, was determmed The mghest dIVerSIty (about 13%) was found In the sequence of 
Isolate Aprl52, less m Ro (- 4%) and only mmor transltlOns (- 1%) were spotted m the 
sequence of the Pe Isolate These data were pubhshed (Rosner, Maslenm and SpIegel, 1998, 
enclosed to tms report) 
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Fig 1 RFLP patterns ofPNRSV Isolates AlCha, AlSa, P1I38 and Pe30/4 PCR products 
amphfied from total RNA extracted from Isolates were cleaved With AvaIl (A), EcoRI (B) 
and Hmcil (C) DIgests were fractIOnated m 5% PAG and stamed With EtBr - enz, 
uncleaved PCR product of Isolate Pl138 M, DNA SIze marker ill (Boehnnger, MannnheIm, 
Gennany) 
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Fig 2 A comparIson of cleavage products ofPNRSV Isolates P1l38, Apr152 and Ro 
dIgested With EcoR! and Avail DetaIls are as m FIg 1 

IsolJte 

Pll 18 Y 1 y" " 
Ro 

y Yn n 

Pc 10/-1- y ""')1 

AprlS2 y , t * " .. 
I I I I I I I I 
() 100 200 300 -1-00 SOO 600 

NucleotIde no 

FIg 3 GenoInlc locatIon ofrestnctIOn SItes ofEcoRI, AvaIl, and HmcIl on PCR products 
(620 bp long, see M~tenals and Methods) ofPNRSV Isolates P1138, Ro, Pe30/4, Aprl52 
.... EcoRI, I Avail, i'HmcII 
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C SCientific Impact of Collaboration 
Hungary - Dr M Kolber lead the development oflarge scale NASH method and the ELISA 
tests Dr M Nemeth lead the blOlogIcal studIes m the field and m the greenhouse Dr G 
Tokes partIcIpated m the ELISA and NASH expenments L Knzbat was responsIble for 
performtng the PCR assays 

Israel- Dr S SpIegel lead the blOlogIcal aspects oftms project (ldenttficatlOn and selectlOn 
ofmfected trees, bio-charactenzatton of Isolates) and the serologIcal (DAS-ELISA and 
MABs based assays) dIfferentIatIOn Dr A Rosner lead the development and applIcatIOn of 
the vanous PCR technIques and the charactenzabon ofPNRSV Isolates by molecular 
methods 

D DescrIptIOn of ProJect Impact 
The development of new PCR assays (one-tube and one-tube multIplex RT-PCR) for 
detectIon ofPNRSV and PPV Will proVIde possIbilItIes to mtroduce these methods m 
post-quarantme tests and m certrficatIOn schemes for productIOn of VlfUS free plant matenals 
Serotypmg and molecular charactenzatIOn studIes ofPNRSV Isolates IS resultmg m new 
data added to the current body of knowledge on VlfUS stram differentIatIOn and may lead to 
better understundmg of the dIsease, caused by tlus VlfUS It IS antIcIpated that the methods 
developed m tlus project WIll be adopted for detectIon also for other VlfUses 

E Strengthemng of Developmg Country InstitutIOns 
The establIshment and puttmg mto operatIOn of the PCR lab m PHSCS, Budapest, With 
fundmg from a USDA OICD grant, contnbuted to upgradmg tms diagnostIC lab and added a 
new, much needed, molecular bIOlogy dImenSIOn to tlus laboratory 
The recent avatlabilIty of a newly constructed controlled greenhouse (from other funds) tn 
Valence, Hungary, allows tn-greenhouse, short-term mdexmg on woody mdicators 
Obtatnmg bIOlOgical data WIthm a short penod of tIme contnbutes to shortenmg the testmg 
process and faCIlItates studymg VIrus Isolates It IS expected that senSItive methods WIll be 
developed for the major frUIt tree VlfUses m Hungary and probably to other VlfUses too 

F. Future work 
The actIVIties concerned With tlus project are generally on schedule With a few exceptIOns 
The approval given to our request to end the project m January 2000 (Without addItIonal 
finds) Will allow us to contmue work on several aspects mc1udmg season-dependent 
expenments Based on results (detatled above) that the NASH method was found less 
senSItIve and more tIme-consumtng than the RT-PCR assay we plan to evaluate the recently 
developed ELISA verSIon of the PCR technology (Rowharu, 1997) for large scale testmg 
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A Managenal Issues 
The actIvity m tIns project contInued to be Intensive In both countnes Based on results 
obtained dunng the second year several decIsIons were made In Hungary the NASH method 
was found less sensItlve and more tIme-consummg than PCR (results detatled above) and 
not smtable for large-scale testIng Therefore, the ELISA-PCR method, publIshed recently, 
WIn be evaluated mstead In Israel, the 3 SR method was unsuccessful, however, several 
other molecular approaches were sucsessfully developed and apphed to selected PNRSV 
Isolates SInce the second annual report 
The extenslOn of the project ttll 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 wInch address speCIal concerns were developed 

D CollaboratlOn, Travel, TrainIng and PubhcatlOn 
Drs S SpIegel and A Rosner VISIted the Hunganan laboratory m July, 98 USIng funds of tIns 
project (A Rosner) and other funds (S SpIegel) In additIon to a VISIt to the lab In Budapest, 
wInch allowed exchange of mformatIon In person and detatled planrung of expenments, a 
field tnp IncludIng the new facIhty and dIScussIons With personal on site In Valence was 
mcluded Dr SpIegel will VISit the Hunganan group m June 99 CommurucatlOn between 
the Israeh and the Hunganan labs IS very frequent by e-matl 

Several research papers resultIng from tIns project were complIed and some already 
publIshed SInce the second annual report 
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List of PublIcatIOns SlDce the second annual report 

KnzbaI, L , Kolber, M , Nemeth, M , Rosner, A, SpIegel, S 1998 
DetectIon ofPrunus necrotIc nngspot VIrUS by lInmunecapture PC (IC-PCR) assay (m 
Hunganan) SCIentIfic Plant ProtectIon Days'98, Budapest, Abstracts of Papers p 114 

Rosner, A , Maslemn, L , SpIegel, S 1998 
DrfferentIatIOn among Isolates of prunus necrotIc nngspot VlruS by transcnpt conformatIon 
polymorplnsm J Virol Methods 74 109-115 

Rosner, A , Slnboleth, Y , SpIegel, S , Knzbal, L , Kolber, M, 1998 
Evaluatmg the use of Immunocapture and sap-dIlutIOn PCR for the detectIOn of prunus 
necrotIc nngspot VIruS Acta HortlC 472227-233 

SpIegel, S , Tam, Y, Maslemn, L, Kolber, M, Nemeth, M, Rosner, A 1999 
Typmg prunus necrotIC nngspot VIruS by serology and restnctlOn endonuclease analYSIS of 
peR products (manuscnpt subIDltted for pubhcatlOn) 
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DIfferentIatIon among Isolates of prunus necrotIc nngspot VIrus 
by transcnpt conformatIon polymorphIsm 

A Rosner *, L MJ.slenm, Sara SpIegel 

R':~':lved ~ F.:bru.lrv 1998 re~elved In revised form [2 M.lv [998 JI.Lept~d [2 M.lV [<)98 

~ method b • .bed on dltferenl..L~ 111 eleLtrophoretll.. mobIlItv ot RNA tr.ln~l..npt~ m.lde trom polvmer.lse I..h.l1l1 
re.ll..tlon (peR) produLts W l~ u~ed lor dltlerentl.ltlon .lmong vlru~ I~ollte~ A T7 RNA polymer.l~e promoter W.l~ 
.ltt.lLhed to .lmphhed prunu~ nel..rotlL r1l1g~pot Vlru~ (PNRSV) ~l..qul..nLL~ bv peR The peR produLt~ then ~erved J~ 
1 tLmpllte lor tr.ln~cnptlon S1I1g1e ,trJndLd trJn'Lnpt~ ongll1.ltLd lrom dlliLrLOt PNRSV I~ol,lte~ v.lnl..d 111 elLL 
trophoretH .. moblhty 111 polY.lLryl.lmlde geb pre~um.lblv beL.lU~e ot tr l11~Lnpt LOnlorm.ltlon polymorphism (Tep) 
This procedure W.lS .lpphed tor the dllferentl.ltlon ot Pl\JRSV I~ol.lte, C 1998 Elsevier SLlence B V All nghts 
re~erved 

KL 1 wOlds Prunus necrotic rll1gspot ViruS Stram differentiatIOn I1arvlruses peR TranscnptlOn 

1 IntroductIOn 

Prunus necrotic nngspot Iiarvlrus (PNRSV) IS 
a pOSItive RNA ViruS with a tnpartIte genome 
which occurs worldwide m PI unw, spp (Nemeth 
1986) DetectIOn of PNRSV m stone-frUIt specIes 
IS carned out dunng the active growmg season by 
enzyme-lmked Immunosorbent assay (ELISA) 
Recently the polymerase cham reactIOn (PCR) 

*Correspondmg duthor Tel +972 3 9683561 fdX +972 
3 9604180 emaIl vpsdrasp@vo1cam .lgn gOY 11 

was used for detectIOn of PNRSV m dormant 
peach trees (Spiegel et al 1996 Rosner et al 
1997) PNRSV e"{lsts as numerous Isolates or 
strams that vary Widely m their pathogemc bIO­
phYSical and serological properties (Aeblg et al 
1987 Cross 1m et al 1992) Differences m elec­
trophoretiC migratIOn of the three genomic RNAs 
were noted among PNRSV Isolates (Crosshn and 
Mmk, 1992) The eXistence of dlstmct serotypes 
may complicate attempts to Identify PNRSV m­
fectlOns solely on the baSIS of serology (Mmk et 
ai, 1987) 

01660934/98/519001J 1998 Ebevler Sl.lem.c B V All rights reserved 
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E"-\LUATING THE USE OF IMMUNOCAPTURE AND SAP-DILUTION PCR FOR 
THE DETECTION OF PRUNUS NECROTIC RINGSPOT VIRUS 

A Ro!>ner Y ~lllbol\!th and S SpI\!gd 
Ot;..partment ot Virology 
Tht! YOiL.1Ol C I..ntl..r 
BI..t Ih.!U1 
hilI..! -

h.\.\\\\l\d,> Pl\.,R'I\ pl..ll.h dU\llU!> PCR 

L f...nsbcll and M f...olber 
PIJnt Health md ~oll COI1!>I.["atlol1 StatlOl1 
Budapt.!>t 
lIungm 

R\. ILtl\1I1 L\ltldltl\ll1'> \\1..11.. \Il\C!>UgcltLU tor thc ULtLLllOI1 \11 P"'R""\ III pI.. Il.h tll..l.." 1l"1Il~ 
lllllllllIl\l1.. Ipllll L pllh I11l..r I'll.. l.h lin rLaLtlon (Ie. -PCR) \\ nh 1\ I III Ill\ d\lbll"l\l.,l,> \ Irll" 
IL\LI'L 1l1ll'Lllpll'lL I \\1\ RI) II1LllbclllOll III thl.. Rf II.. KtHlll 1I..J.h l II..'>lll!l..d III 111)11..1 
khl, ,II 11l11,!JIILd plodlll..h I'> LllmplILd \\nll till.. ILl.\llllllll..lll..kd - l P,dlL Hill=- lh\. 
II.. ILtI"I1IllI\lllIL It "" l I,ll " 1ll1ll11tL'> ItuthLI II11Plll\Ld III R \ Idd.., \.., 111 Ilt1..1111U\1.. t,) Il 
jl,\ R" \ L,'uld bl.. ddl..l.tLd b\ R I-Pl R dlrl.uh 111 plcllll '> 1p l nddUlLd .., Ip \\ I'> Ill..". 1l1\ L III 
jll R PIL'Ullllbh dul.. til thL PIL::'U1Ll. 01 peR 1Illublllll'> Dilllll\1I1'll '>IP lIt kl'>t 1"0) 
IL'UllLd III I ,UI..LI..".,tul Pl R IlllplttrL Hllllll)1 thL \ 1l1l'>-'>PLLlIIL D1\ \ II IglllUlt I hi" JllLLt 
PIllLLdlllL L 111 hL L 1"11\ Ipphl..d tor lugL "1.. Ik lL"tlllg h(l\\L\1..1 Il Pl R \\hILh 11",l I\'lld" 
thL 1Il1llblttll" diLd PI0\Ld tn hI.. mOIL "U1"ltl\L ll1d "Ulllhk 1\11 1,)\\ \ IlU" Utl..l" 

l'IUIlU' I1LLl,'IIL I Ill"{'''Ptlt \IlU" IP'\i{"\ I I'> 111 r111\IlU'> ,)LLUllIl". \\"lld \\Ilk III ,,\t)IlL 
111111> \IlII'> ,IIUIl'> 1111=-1.. Iltllll hl".hh \Iluknt tIl '>\ll1ptllll1iL,>, (llIltllll 11)\ I RLlllhk 
dt.lLI..IIIlIl ,II I''\!{''''\ I" ILqllllLd III thL 111I1( IILL Illdll,,!l\ III l\llll.! (hL L,),>lh IIm".lul1l 
11111111LI1I1ILL ,>I \111I'" Il1iLLILd I1l11UlrI llld hlll!II_ILd IllLk\Il1- 1\1,11''>1'' ilL IIllIL 
L\111..,1I1ll1l1t. Illd '>llllll..tllllL'> IllLlllldU"I\\.. I hL ILiI J1r111\ ,)1 I! h \ I'> Itlll1lLlI LillI.. III 
IlllLl1l1lllll;, III \ IIU'> LOIll.Llltl 111\111 hd\\I..Lll '>L I,>on" md UIlI..\LIl Lil,>llihutlllll III IhL \ III11U'> 
P lIh III Il1It.LI\.d tILL'> ('-ll..nlt tI ([/ 19X9) IkL 1lI"1.. III thl.."L ll1d,lthu plohkll1'> tltl..lll Ill\\.. 
lll11kLttlll tl..LllI1lqL'> Illl \lIU,> dLtLLllOIl \\LrL IppituJ [hI.. [111hIl11..11'>1.. l.h 111111.. lLtIlll1 (PC RI 
I1lLlhlld hl~Ld \111 lI11pltllL 1IIlJI1 111 l1uLlI..Il. lLld~ '>l..qULIlLL'> (hulll [)'\ \ lI1Li 11..\1..1"1.. 
lIltl'>LllbLd R'\ \) ([)ohl..l[\ 1I ul Il)~l)) PIO\LJ tll hI.. 1 lughh '>LI1'>ltI\1.. LlIIl,;Il11'otIL 
PlllLLLiulL \\lULill'> II1Ul.l'>lIlgh bung u!>I..J 101 p[.ltll \ltu,>\.,> lI1L1udllll,; P'.R')" l'-lpIL.,{.Li LI 

ul 1')\)11) Illl\\l..\l..r plclJ1t lI,>!>Ul.'> \ 11\ til [hl. 1...l!>1.. \\Jlh \,hll.h \It lllHlLkll. Iud.., UJ1 bL 
pIIIlIIl.d • .lI1d 1Il thL pn .. !>I..I1Ll. 01 tIlhlbJlorv taLtor!> C .. 11 \\.1[ll.Ol11po'>ltIon!L g '>tclILh) re.lLtIYe 
'>1..l.0nJ.lf' proJUl.b (I.. g phl..J10hl.) .1nJ tlll.. t\ pl. ot tIltt.ulon ('>, !>ll.. 111 Il. 01 IOL.lIt/Ld) 111m hm e 
eln t..Iku \\L hel\ I.. prL \ IOU!>" Jl..l11on!:>trakd that thl.. tIllroduLtIOIl ot '-ll..phade'\ G-)O 
pUnlll.l1l!lIl '>ll.p rl.I11O\Ld l11uLh 01 thl.'>L tIlhlbltOf\ ,>ub!>tranCL('» trom thc viral R'\IA 
prLp lrttOIl I Vtltbh d £II Il)l) 1) In tlll.. prL'>l..Ilt rLpon \\1.. JI..'>WhL elnothLl IPPIOll.h U!:>ll1g IC 
.lIlJ llllULh '>ll11p!t..r '>dP-Jdutl!lll plotol.Ol to l)\Lrl.OmL 11m II1hlhltOI\ t..IILL! 

RL \l..r..,1.. tr lI1!:>l.rIptlOll (It R" \ I,>olclteu trom II11LLlLd lI,>!>Ul. I!> cl Lruu.1l '>tl..p 111 RT-PC R ot 
R,\ \ \ IrU'>L'" h\ll R I l..nL\ mI.!> - .1\ I.1n nnLiobcl::,tO!:>I'> \ Irm ( \ v/v-R I) md molonev I11UrIne 
!t..UJ...clLInlcl \Iru!> (vli'vlLV RI) (J....ru!.! J11d Ber!.!Lr 1987) arL I.Oml11oniv used In RT-PCR 
fhl.!:>L LllL\I11l.!> InarJ...Ldlv uIHer In some ba~lZ Lhclracten!>tll.!> the optImal temperature ot 
InLUbatlOn tor \MV-RT IS ..J.2°C and It IS relatl\e" !>table In el JIIUtLd !>oiunon The cloned 
M:VILV-RT I::' JLllvL clt 37°C and I!> hlghlv labliL t\ vIV-RT \lias therdore applied In our 
rl."lclrLh proJl.U 

PrO(. 171h Jnt \(mp In hUll rrc..1. VIm, ()1''1'''3~(,.' 
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