
VIR US GENES 7:4, 339-347, 1993 
© Kluwer Academic Publishers . Manufactured in The Netherlands 

Comparative Sequence Analysis 
of Four Complete Primary Structures 
of Plum Pox Virus Strains 

LASZL6 PALKOVICS. JOZSEF BURGYAN. AND ERVI N BALAZS 
Institute for Plant Sciences. A 1<ric11/t11ral Biotecl,110/01<.'' Center. H 2101 Godo/lo Pf 170. Hungary 
H3782BAL(<, ELLA. H U 

Received July 20, 1992 
Accepted September 17. 1992 

Requests for reprints should be addressed to Laszlo Palkovics. Ins titute for Plant Sciences. Agricul­
tural Biotechnology Center. H2l0 I Godollo Pf 170. Hungary 

Key words: plum pox vi rus. genome organization. sequence analys is. strain evolution 

Abstract 

The complete nucleotide' sequence of plum pox virus (PPV) strain SK 68 was 
determined from a series of overlapping cDNA clones. The exact 5' terminus 
was determined by direct RNA sequencing. The RNA sequence was 9786 nucleo­
tides in length, excluding a 3' terminal poly(A) sequence. T he large open reading 
frame starts at nucleotide position 147 and is terminated at position 9568. Compar­
ison of cistrons from other plum pox virus strains with those predicted for the 
SK 68 strain indicated the same genomic organizations. Comparison of sequences 
leads to the following conclusions: ( I ) The genetic organization of all four PPV 
strains is identical , containing one large polyprotein gene and two noncoding 
regions at the 5' and 3' ends; (2) pairwise comparison of the genomic sequence 
of PPV SK 68 with other PPV strait1s shows 11 % alteration. Sequence differences 
among strains are spread in a uniform manner upon the genome, except for the 
Pl , H C-pro, and two noncoding regions, which are more conserved (with a 4% 
and 6.6% change). The stability of the noncoding regions is probably linked to 
their role in replicat ion. The sequence variation has little effect on the amino acid 
sequence of the corresponding polypeptides, as changes occur preferentially in 
the third position of the reading frame triplets, except in the case of the 5' end 
of the coat protein gene (2.7% average difference in amino acid level , while in 
the case of coat protein it is 7.7%). The sequence analysis of the coat protein 
region of the four complete and one partial sequence indicates that the Hungarian 
plum pox virus strain diverges at the larger extent , similar to the El Amar strain, 
from which only less than half of the sequence is available. ... 
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Introduction 

One of the most devastating diseases of stone fruit trees is caused by plum pox 
virus (PPV) in Central Europe and the Mediterranean area (1). The virus, which 
belongs to the potyvirus group, causes considerable yield losses, especially in 
apricot, plum, and peach orchards . Symptoms are characteristic for the diseases, 
expressing on all organs, but usually on fruit and stones. The above-mentioned 
economic importance and d ifficulties with early detection has led several labora­
tories to investigate this virus. The genome organization of plum pox virus is well 
established (2,3); three complete nucleotide sequences are available: PPV Ran 
(4,5), PPV Nat (6), and PPV D strain (7). Partial sequence data from the E l Amar 
strain have a lso been published (4773 nt at the 3' end of the genome) (8). The 
geographical origin and original host plants of these strains in connection with 
sequence data give us a better understanding of the evolution of this virus and 
the divergence of these virus strains. By comparing these sequences along with 
presentation of the complete PPV SK 68 strain sequence, we are providing more 
details of the evolution of plum pox virus strains in this paper. 

Materials and Methods 

Virus and viral RNA 

Plum pox virus SK 68 strain has been isolated from the Besztercei NM 122 plum 
variety by Maria Nemeth (unpublished) and has been kindly provided to us . The 
virus was propagated on Nicotiana clevelandii L. and grown for 14-21 days after 
inoculation. Virus was purified from these plants essentially as described (9). 
RNA isolation and fractionation were carried out after Brakke and Van Pelt 
(10, 11). -

Synthesis and cloning of cDNA 

cDNA was synthesized with oligo dT and three synthetic oligonucleotides as 
primers using the Amersham cDNA synthesis kit according to the manufacturer's 
instructions . Synthetic oligodeoxynucleotides were prepared in an Applied Bio­
systems Model 381A DNA synthesizer and purified as described (1 2). The double­
stranded cDNA was ligated into Smal linearized , dephosphorylated pUC 18 or 
pUC 19 plasmids, and then used to transform competent E. coli JM IOI cells. 

DNA and RNA sequencing 

The overlapping cDNA clones were sequenced by the dideoxy chain termination 
method (1 3) using the USB sequencing kit. The 5' terminus was determined by 
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direct RNA sequencing o n purified genomic RNA as a template using the Boeh­
ringer RNA sequencing kit with conditions as described by manufacturer. 

Comparison of nucleotide and amino acid sequences 

Sequence data were assembled and analyzed using the GCGs Sequence Analysis 
Software Package for V AX\VMS computers (14). 

Results and Discussion 

Sequencing of PPV SK 68 RNA 

Four overlapping recombinant clones were sequenced that represent almost the 
complete sequence of the PPV genome, except 26 nucleotides at the 5' end. 
The first 70 nucleotides were determined on purified genomic RNA using an 
oligonucleotide complementary to the vi ral genome between 84 and JOO residues. 
The overlapping regions ranged from 50 to 200 nucleotides. 

The complete nucleotide sequence of PPV SK 68 contains 9786 nucleotides , 
excluding the 3' terminal poly(A) sequence. The sequence is part of the GenBank 
of Los Alamos National Laboratory, the EMBL Data Library, and the DNA 
data bank of Japan available as accession number M92280 (Fig. I). Sequenced 
recombinant clones at the 3' terminus of PPV SK 68 were found to include a 
terminal poly A segment of 5 to approximately 200 residues. These data are in 
good agreement with those of Lain et a l. (9), showing that PPV Ran contains a 
3' poly A tail that is between 15 and 500 residues long. The base composition of 
PPV SK 68 RNA revealed a high adenine content (3 1.0%), followed by uracil 
(25.4%), guanine (23.2%), and cytosine (20.4%). This composition is very similar 
to the compositions of the other PPV strains. 

Although the four complete sequences have not been subjected to detailed 
statist ical analysis, the base changes appear to be distributed in a roughly uniform 
manner upon the genome, except fo r the two noncoding extremities and P l , the 
HC-pro coding region where only 6.6% and 4% changes occur , respectively. The 
sequence variation has litt le effect on the amino acid sequence of the correspond­
ing polypeptides, as changes occur preferentially in the thi rd position of the read­
ing frame triplets, except in the case of the coat protein gene (Table I). 

Computer analysis of the four-strain primary structure shows an identical posi­
tion for the putative initiation codon at the position 147, while the termination 
codon varies between positions 9521 and 9569. PPV SK 68 and PPV Ran have 
their termination codon at the same position (1 5). Pairwise comparison of the 
polyprotein cleavage products shows that the cylindrical inclusion protein that 
has helicase act ivity is almost identical (99% amino acid homology), but the others 
show a high degree of ho mology ranging from 95% to 98% similarity (Fig. 2). 

The highest dive rgence in amino acid content has been found at the 5' end of 
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1 AAAATATAAA M CTCMCAC M CATACAAA AT"ITTATCCA ATCA.MTCM 

TCTCAACCTA TCAAA>.Tl"T'T CCMATCTCA CTI'CMACAT CAACMTCAA 

lO I CAAACMCAT TCCTCACATT TfCTACCA.M TT'TAC'TGC.V. GTCAAGATCT 

CMCCATTCT ATTf'CGCTCA TICAC'M'CCC ACC'TCCATCC AGCTATCCAC 

20 l CACGATMTG CAGAC>.CATT CCCMAGGCC TOGACCCCTC CACACMCCC 

2H CCMCTCAGT MCCTGCATC TAC'TGTCCCO MCACCGGCA AAAACTCTCA 

)0 \ TMATACATA TCACACTCCA -'CAGCTAGTC CTTCCA,V,.GC CCTOCACCAG 

M GTl'GCM C CTATGlTT'CC TMGCCAGAG TTTACC>.lvvt. CTGTCACAM 

, 0 1 o ,,.i:u,>J,AGCG C'ITCGCTCCT TCMACAAAC CTCT'c:MAM TITATCCMA 

4 !, l ACMGCTCM CAMCAC'TAT AAAGAGGACC GTCA.GACATT TCMlTTCTC 

SO 1 MCGGTCC>.C ATCCMT>.CT CMCCMATC AGTCTTCACA M TCTCMGC 

!>Sl TTCACT,1,TCC CTGCCATTCC CTCATATTAT TC/\GMACCT ACcrrTACM 

601 CACCATCMT CAAAAA,GAAC GTAGTCrrTA CTM CCTTAC GATCTCCCAC 

6 !>1 CCAT~C'TAC MCTITTCAT CACGAGGGTT GCTCCMACC ~ MCCCMA 

rr.CTCMAAA GTTCACATCA TACCGCCTM CCCTCTACTC CCTCACTACA 

CMCCMAAG TCCTCTCACA U,CTTTCGCA CACATCTICC GCACT"TOCAT 

iO l ClvTTCAAAAC CACOCTATCA CC'rt'CTCTTC CACCMX'>CM Cc.AACM GAT 

TCTCCMCTG TITGCMACA CMGTGGTIT TCACCATCTC CACMG/4.AAG 

'J OI GCCACATMC ACC'TGGMTC ACCGC-ATITC TOCTCMTCC CATCMTCTA 

9 Sl TCGGACCCM TCCATGTCTA TCACACCGAT CTITTTATAC T-:-CCTCCAAA 

lCIOl ACACMCTCC ATTCTTCTTC AC'TCACOCTC TMGGTTI'CT J..AACNjC>,.CA 

! OS I GCMTCAGAT AGrl'CACTAC TCTCACCCAG GCAM.CMTT TTOOCATOOT 

l 101 TTCACCMTT CA1TTATCCA CTCCMGCTA CCCCA.MCTO ATCATCAGTC 

11'>1 CACATCTCAC CTGCACCTCA ACCAGTCTCC TTATGTT'CCA GCACTTCTCT 

1201 CCCMCCCAT M TCCC'n"CT OCMAAATCA CATCTCTOCA A.TCTGCTCM 

12'>1 M CTACTCTT ACATCTCACA ACAOCMATA CCTCATAGAT rITCCACACT 

l lO I M T'TCAC:CA.C CATCAGMM CACTCATGCA TMCTATCCA CMlTTTCAC 

llSl ATCTTCTTGC TITTCT.-..V.G AOCTATCCTG M TTCATCCC CCTOOMMT 

14 01 CACM TTATC MGCTTTCM OCATATCACC CACATCATAG G~GACCCCM 

14 '> 1 AGMGCACC'T TITTCCCATC TCMCAAGAT C..V.TCM TTA ATCATTMOC 

1'>01 GTGCTATCAT GAGCCCACM GACTACATAG M GCCTCGCA TCATCTCCCC 

l'>'>l GM CTAGCCC CATATCACM CMTCCCACA G>.GMCATTA GCAGC'CGATC 

1,01 TATMAGCCT TTCAGGMCA AMTCTCATC MMGCACAT GTCMTATCC 

1,!>1 McrTATCTC TCATMTCAA CTTGATACTA ATOOCMilT CCT'CT'(;(;('".(;.A 

1701 CAGAGAGAGT ATCATCCCAA ACCCTTCTTT AGCMTTATT TC'GATGTGAT 

17'>1 CCATCTTAGC GAG(:(';CTACA GACCTCATAT TCTTCCTCM MTCCTAGAG 

1801 GCATTCCCM ATT'OCCCATT OCCAACCTl'C TIATCTCMC CM TCTGGCA 

111'>1 GCACTACCTA AbCACCTCTT CCCTGMCAG TCCATTCATT r.'G>.GCTCTC 

1,01 AAAOCM TCC ACTAGC>.AGC CACGOCI\AAA lTTTC'TATAC CMTCTT'GC'T 

19'>1 GTCTCACCCA CCMCACGGT ACACCACT'OG M;rr:;rc>J,,J,..T MTMJ:;TCCA 

2001 ACAAACMTC ATTTAGTTCT TGCTMCTCA OOTCATTCCA AGTATCTCCA 

20'> 1 TM'GCCCACA GCAAACOGAG GTCCAATCTT CATACCAAAG CCAGCTTATT 

2101 CTTACATC>A CATlTrCCTT CCTATCC'?'CA TCMCAT.-..V. TGMCATCM 

21'>1 CCAAAA>.CTI TCAC>.>.>.CAC ACTCCCTCAC ACTA't"T'GTAC CCMCcrrcc 

220 l C ACATGGCCA TCCATCATGC AC'TTACCTAC ACCTT'GCCAC lTTCTC'GCAC 

2251 TTCTCTACCC AGAAACTCCC M TCC'?'CAGC TTCCACCM T ACTCCTT'G>.C 

2l01 CATCMCCM ACATClTTCA TCTCCTTGAC TCATTCCCAT CACTCTCMC 

2 l".> I TGCMTCCAT ClTTTCA.MG CCAACACMT CMTCMCTT ATTACCTTTC 

2 401 CTAGTCATAC AT-rCCATTCA ACCATCMM CATACCTGCT T'(",CAGCTCTT 

2 4 '>1 CMCT'CCATA ACTC'T'cATCA ATTCAAA>.AT CTCMCCTCT TCATCAGMG 

2 ".>01 CATTTAC>.AG CCACAMTCA TGCACCAOCT CCTTMGCM GMCCCTATT 

2SS I TACTOCTCAT CACOO'TTITC TCACCTGGTC TATTM TCCC GCTCTICMT 

2601 ACTCCTTCAT TCGAA>.MGC CACACAAT.t.T TGCATCCCAC GATC'TCATAC 

2, '>1 CM'GCCACCC ATCACAGCM TCTT.t.TCACC ACTTCCACCC AAAGTCTCAC 

A 
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no l TI'GCMGTAC AC"J'GMTCCA CAAATCACTG TCATTCACCA ACATCCACCA 

2151 CTTC'T'CT'CTG ATACTCTCT"T TCTI'CCMCC AA.CCCATA.TG CATCCTA.CAT 

2801 GATGGCAGTC MGACTTTAG MJ,,l;;MTCM GGCACGAACT CMTCTCATC 

28'> l ACACCCT'CM TCAT'TTACOC: TITTCACTAC TAA.CACAGCC CACACCACAT 

not CTCCTT'C.AA.A. A.MGTTATCT CCAGGACTTG CAOCAGCCTT OCACACAATI 

2'H I MGTTOCTCC CAMGGTTCT CTOCMTCTT GCMTCGCAC C'GCTCGCCM 

) 001 MCATAT,,_CC MMC'C.1'"TTC ATCCCCAAAG ACCCAGCAGA TTTAGCAGCC 

l O'> l AOGTA.CCACA TCTC'COTTCC GTCATTAcrT GCCACCCMT ACAAACCCCT 

)l01 CAAACACGTA CTTCOGCCCA MACAGACCA CGTTCTTTCT TACACACACC 

31'>1 ACTCCATCOG A.MCCTATTC TCCAAAGCTA TCOOMTTTC CACMGrnT 

HO I CTrCCMCCA CTCTOMGAT GrrTCA.CATC CTCATCATAT TTOCTCTCCT 

)2'> l GC'Trt'CMTA GCAGCCACAT GCMTTCMT GAl"TMTGAG CACAMCATI 

))01 TAAAGCAACT TCCTOCCCAT CCTCMGAT A ACI\AAACAIT CMGAGATTC 

)HI CAGCTCTTCT ACACCAGAC'T ATTAGMMC ATT'OCTIGCA CA.CCM CAGC 

HOI OCATGM TTT CTT'CM TATC TCCMGCTCA GMCCCTOAT CTATCCMAT 

)451 ATCCAGAGGA C'n"GA.Ta'.;CC CA.T'GGCCMC 1TGTTGTCCA TCM,M;C>.AA 

l'>Ol ACACATTCAC MGCTMTCT GGMCGAGTC GCACCATTTG TAGCCCTTCT 

lSS l TATCATCCTT TTTCATIC'CG M CCCACTCA TCCTCTTTAC MMTCCTCA 

1601 ATMCCTTM AGCCCTCATC GCMCTA.TTG ATCACACTCT TCACCATCM 

)6Sl MTTTOCACC ACATTGMCA CATCTTOCAC CMMGAAAT TCAC>.GTCGA 

no l TT1'CC'TCTTC CAAAGTMCC MGTTCCACC MCTCTTCC.A Trl'CACTCM 

3751 CATTTCAGM GTGGTCCAC'T MTCAGc.Tl'C .-..V.CAOOM.A TCTCATCCCA 

l801 C>.CTA.CACM CTCMGGACA CTTTCTCCM TTTACACCAC ACMCCCAGC 

l8!, l ACACATl'CCC MCC.V,.CTIA TCCATGCTTC AC>.TCMCAC ATCC'TMTCC 

)901 GC'CCACCCCT TCCCTCAOOT M CTCMCTC GGTTCCCATT TCATCTMGC 

l9S l MGM<XXITC ATGTTTTCC'T MTTCMCCC ACTCCACCAT TACCTGMM 

400 I TCTCTCCAAC CAACTACGAG CGC.V.CCArt CMCCTTMC CCCACATTGC 

4 0 Sl CTATCCCCCC M TCAGCACC TrTOOGTCAA CTCCMTCAC TCTCATCAC'G 

4 101 ACTCGTTACC CACTCCACTr C'ITACC'CAAC MTCCCACTT ArITGCATM 

4 1 '> l CTACAA.GTCC ATTATCTTC:O ACGACTGTCA CCTACACCAC CCATCACCM 

4 20 I TGCCATTTAC ATCTCTCCTT TCGCAGTATT CCTACCCAGC GMGATACTC 

, 2'> l A.MGTCTCAC CAACACCTCC CCCCTATCM CTTCATTTCA ACACACAMA 

4 )01 GCACGTCMC CTIATCCTIC AOGMGCACT CTCTITCCAG CAGTTC'GT'IT 

, H1 CTMTCTTCC CACTCCATCC MTACTCATA TC'TTCMGCA nxccTTM C 

4'01 CTCTI'OCTC'T ATCTGCCMC TTACMTCAG CTCGACACAC TMGCMGCT 

, 4 '> l CCTTACOGAT AGMGCT1&A AGCTTTCCM OG't"T'GATGGC CCM CCATCA 

, -.01 MCTCOGCM TCTCCMATT CCMCCAGTG GTACTCM GC CMGCCACAT 

4 '>51 TTTCTCCTfC CMCAAACAT TATCCACMT CCACTCACAC TCCATA.TTCA 

4601 CGTOOTTCTG GACTTTGCTC TCA.MGTC'CT ACCCATTCTC C ACA't"T'GACA 

4'51 ACCGA.CTTCT TCCTTATACC MCMGACCA TTAGC'TA.TCC GGAGAGMTT 

001 CAAACACTCC CTCCAGTTOC CCCAAACAAA CCAGCMTCC CACTTCCTAT 

41'> 1 TCGATrCACG GAC.A.AACGAC TfACTCAMT ,,_CCTCCCATA ATTGCMC.AG 

480 l MCCCCCATT TCTATGTI"TC A.CCTA.TGCTC TACC>.GTCAT GACAMCCCT 

4151 CTCTCMCM CCTTACTAGC CA.TCTCTACT CTCMCCAAG CACC>.A.CTAT 

001 CCMCM1TT CMCTATCAC CATITTACAC AGT'e<:CATTC GTTCCCTITC 

49'>1 A.TCCCACCAT GCACCAGCM Arrrrl'COOT TCCTCMMC CTACAGACTC 

SOOl CCCCACTCAC MGTMTTCT CMTM CTTA GCCATACCM ACACCMTCT 

50'>1 GTGTGOGTGG A.TC>.GT'GTIC GTGATTATM CCGACMOCC TCCM'TTI'GC 

!>IOI ACCTTCATCA A.MCATCCGT CTGCCATTCT ATCTCM CCA CATTCCTCM 

Sl'>l ACTC'TACATC A.CAMCTITC CCMCCACTC G.-..V.CTCATA AGTCCCATCC 

5'201 AGCATTTOCA ACM'lTI'CCA CTTCCAGTCC ;l"GCMCATA GCCTA.CACAT 

5 2'>1 TCCAGACACA T,,_TCCACTCC ArTCCTCCC>. CACTTMMT CATI'CACCCA 

S lOI TICTTACACC ~AC AA>J:.CM CCA CACTTCACAG CCATCACCAC 

5 l'>I CCMTCTTCT TCMGTTCGA ATITCTCTCT GTCMGCATC ACATCACCM 

Fig. I. Complete nucleotide sequence of the plum pox virus SK 68 isolate shown in DNA form. The 
sequence is part of the GenBank Los Alamos National Laboratory, the EMBL Data Library , and 
the DNA data bank of Japan , available as accession number M92280. 
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S40l TTCCCTCCM ATATCCCMO GATCACAC'TG AC',C.AGM.CAT TOCTCTCCTC 

s,s1 CACATOOCCA ACTc:fCMTT CTTOCAATTC MAMTCI'C.A. ACATCCATCC 

SSO 1 AAG"M"AC'C'CT CAGCTCCTfC GCMCT"n'OG rocTCTACM TOTCTCCATC 

SSS 1 ATCAGACAAA OC>,OOC.\CTC TC>.MCACAC TGCAGCTMA M)OGCATI'CG 

HO t MCMGCCAC TCATCACACC TCACCCMCA T'TGATGCTCC OAOTICTT'OG 

s,s1 TOOGOC>,CCA TGCATCAT'TT TCAcrf"lTT CAJ,,OGATACT TTTCM,G.V.C 

S701 AAG1iC'TTCA CCMOCCTTC M CCCCNNC AJ,,ACAa.,,..,,,..,,. CTTM>.CTTC 

S 7 st M>CCMGCCC OOGATMTAC MTOGC.V.CA CAOGT'CTAT'G CCCACCATTC 

seo I MCTATOCAC CACTACTTCC GlTCCGCATA CTCAMOMA oc;c;w,.t:,ACCA 

SISl ~ C T~TC ocx;Acc;.AAAA CTCCCAAGTT TCTCMCATC 

',90 1 TATOClTACC AC"CCTACACA TTATMCTTC CTTCCCTTCC TCCATCCCTJ'" 

StSl GAcrocTCAT >,crrroc:.,.TC A.GMCCCTCT CATCC>.CATC MCCTCCTCC 

,00 1 AGOACCATrr TTCCCMATC C'OCMTOACT -'CATTOOAOA TGACV.CATC 

, os1 ACCATCCAGC ACATMTCTC .v.ATC<:I'OGT ATCGTTGCCT ATfACATCAA 

UOl OGATOCMCT CAANit.AGCCC TCAMCTI'CA TCTTACACCA CACMCCCAT 

61SI TGCCCCTATO TCATAACAC"':" CCTACTATf'C CAOCATITCC w:;.,,,t;J,.r;ACAA 

,zot TTTCMTI'CA OGCAGACA(;('; ACACCC.V.CT TTCCTCCMC CTMTCCMT 

'2S 1 TCCTMCATC MT'G/IIJICTM; C,CCAAJ;;AACA ACTT'CACCAT GMNJCAN:.T 

, JO l CC'M'CTTTAG ACCC'TTCACA CACTACMTC CCATCCCAN:; TTC'CATATCC 

'lS I CAGTT'CMCA ATTC'GTCCOC CACTCOTCAT AOTOACAT'GT TT'OCTCTT(;C 

, .1101 rTTCOGACCA CTMTI'CTTA CGMTCAGCA CCTTTTC>.M AC.v.ATCATC 

, .i st GAGAGTTMC MTTCCATCA CATCATOCTO MlTT'CTGCT G.A.AOCACAC:C 

,sot .v.MCTCTCA MCTCCTACC TTCTAAOCCT CCT'CACATAT TC,\TCATCCC 

, ss1 ATTACCAAAC (",>,CTTCCCCC CTTTTCCCM AACATTCCAC TTCCCAACAC 

UOl CCACCAC>.C>. C".CATACACTC TCCCTMl"Tt: CATC,t.,,\ACTT TCAAACAAAC 

,,s l AGCATATCM GCACCATOTC ACAM~ CCCACATATT C'TOTf'CACM 

4"10l CACTCAC'fTT TCC>.ACCACT OCATCACCAC CMGCACOCT CACTCTCCAC 

i'15 l TCCCTATTCT AACTACTCCA CAT'(;C;CACCA TTCTTCQCCT CCACAGTCTT 

UO l CCM>.TTCM C'CMTACCCA AMTITCTAT CCACCATTTC CTCACMCTT 

US l TC>.CACCAC>. TACTTCTCM ATCACGATM T'CACAA.CTCC ATMMCMT 

,,01 CCCCCTACAA TCCACATCAC CTCTCTI'OOC OCTCTTI'CCA ACTCJ,.,N;;.J,,.GA 

, ,s1 CATATTCCAC AMTCCCATT CACACTTTCC MACTATI'CA COCACCT'TCA 

'1001 TAOOCACt-rC C1TTATMTC AGTCCAAMC MCACA.lTOO C'TTCO::X.ACA 

'1051 AGTTAGMOC CM TITCAM CCAC'M'CCAC CC'TCTCCTCC ACMTTCGTC 

-, l O 1 ACAAMCA TC TTCTC.A.MOC TAM TCCACT CTCTTI"CAC.A CA.TA lTTCTT 

'1 l S l CACCCA.CCCA CMGACCATC Mt-rC'fTTCC ACCT'T'TCATC OGAGCATACC 

'120 1 AGM.A.ACTCC TTT'CMTMC CATCAGTATC TTAMCATCT CATCAMTAC 

'1251 TCCMCCCM lTCTCC'TTGC AGCTCTI'GAC T'CTGACCMT TC'CACCCCCC 

"1)01 TCTCCATCTT CTTATCTCCA TCTTCATTTC MMCC'in'C CAACMTCC.A 

-, H l ACTACCTCAC T'CACCC'OCAT CAC>.TAt-rCT CTCCACTTM CATCA.A.ACCA 

"14 01 CCACTI'OOTC CTCT'CTACAC TCCCMCA.AC ACGCA.TTATT TCMMATCC 

HS l TTCTCACCAA CACANJ,CAOt:; AT"TTTATAM ACCTACTTCC AAACGCCTAT 

HO l TCATCOCAM CAMC'.cACTC TOCMTCCTT CTTTAMOOC TCMTTCCCA 

l SS I CCAMACACA MCT0CMCC AMC>..AGACT CCCTCTTTCA CA(;CAC.C.ACC 

-,,01 M TCCACACf C'TTC"TT'OOOC CMMCTCTC TCTCCACCAT TTCMCMTC 

-,,s l MTTCTACAC CTTGMTTTC CACTCCCCAT OOA.CCCTT'OC M TCACAAAA 

7'101 TTCACAOGTC G1i'OOGACM CTl'ACTCACA CCT'TTACCAO ATOOGTCCAT 

"1"1S1 CTATT'CCCAT CCTCACOC'TT CTCACTTCCA TACCTCTCTC TCACCATATT 

'7101 TMTCMCCC ACTTCTCMC ATCCCTCTOC CC'TTCATOCA ~T 

HS l ATI'OOTCACC ACATCC'TTTC CMC'TTATAT AC'CGACATT'C TCTACACCCC 

'7t01 MTC'OCCACT CCACATOCM CMTTCTCM G.J.Aerre>.NJ OCCMTMTA 

"ttSl CTOCTCACCC -n;_CCACOCTT CT'TCACMCA CACTCATOCT TATTCTAGCA 

taOl AT'CAC'TTACT CACTTTTCM CC'T'TCGC..AT CATCCACACA CACACCACTC 

105 l CATTT'CCCGG TACTTCCTCA ATCCTCACCA TTTACTCCTI' CCAC'TCCATC 

B 

1101 CACCCTACCA CACCATCTAT CATCMCTCC MCMCACTT TTCACMCTT 

11 s I OOAC'TCAA<:f ACACATTCAC MCAAN;;ACT CACMCMOO AOCAAC'TCTC 

UOI GTTTATO'TCT CATAGCGC'T(; TATTCTTCCA OCACATCTAC ATTCCCA.AAC 

12Sl TOCMCCCCA CA.GMTCCTC TCMTACTTC ACTGGCACAC ATCAMTGM 

U0 I CCMTTCACA CACTA.CAOCC MTITCTCCA TCMTCCTCC AOCCCTCCOC 

ns I CTAc:M>,l;;AA CTCC'T'CACAC M.A'TTCCAM ATrT'TACACT TOCCTTCTTC 

1 401 AGCAOCCACC ATACMTCC'T CTTTCM.AAC A~C CCCCTACAT A 

101 CCAGACACOC:: CACTC..AOCM ACTCTATACT CATTCTCMC CATCTCACAC 

ISOI CCAMTTCAC ACATACCTCC MCCATITTA CMl'CATC'TT CATCATACCC 

IS!i. 1 TTC.ACTCCM CATTCTCATA CACCAGCCTC AT'CMCAGCA ACACCATCM 

1401 G.AACTOOATC CAGCMCACC TACTCTCCTA ACTCCAca.c CACCMCTCT 

H SI OGCMCCACT CMCCAOCTC CACTCATACA ACCTCCACCC CAMCCACAC 

1'701 CACCMTC'TT CMCCCCATT TTCACTCCAC CMCMCTCA CCC'TCCCCT>., 

U!i. 1 ACACCACTJ'C CTCCAATTTC At;X",C.GCCAM CCCCOCTCTT TTOCACrTTA 

110 I TGCM>.TCM CAC'CCATCAC CTACCACCTC AMCAc-n,-c CTCM TACAC 

US I CMOOCATAC CCACCTCCAT CCAGCATCCA TTCCAACTTT CCCACTCCCA 

t,Ol CCC1TMAAA CMTCACATC CMCTTATCT CTACCCMCC TCMCCCAM 

t,Sl ACCAATTATC MCTfM.ATC ATTTCCCACA TTACACTCCT CCACMCTTC 

tOOI ACTTCTCAM CACACCACCf CCACMTCTT CTT'TCCACAC ffCCTATCM 

,ost OCACffMGC CTCAffACCA TCTCACACAT CA&AMTCA CCATCATTTT 

910 1 CM TOOCCTC AT'CClTrCCT CCATCCACM CCCMCCTCT CCMACATCA 

t IS I ATCCAATCTC CCTCATCATC CATCCCCAC.A CACMCTGCA CTATCCMTA 

t201 MCCCAlTCT l'GCATCATCC GAMCCCACT TTTACACA.A.A TTATOCCACA 

HSI TTTCAGTMC CT(;(;CTCMC CCTATATTCA MMCCMAT TACCACAMC 

'101 CATACATCCC AAOCTATCCA AlTCACCOCA ACCTCACACA TTACAGCCTC 

t 151 CCCACATACC CCTTTGATIT Tl'ACC>.AATC AC'TTCMCM CCCCTCTCO::: 

9401 TCCACCTGAA CCTCATATAC ACATCAAOCC ACCAGCATTC ACJ,J,AT'CTTC 

tOI MMTCCTTT ATTTOCCT"l'C GATCCAMCC TCOCMCACA ACMGAC,(;AC 

,SO l ACACACN:;t:;C ACACCCCTOC TCACCTCMT C'CCMCATCC ACMCCTCCT 

tsSl CCCTCTCAOC CGACTCTACT CCTCTCC'.CTA TCTATCATM ACTCTAC1TC 

UOI OGTCACACTC TACTCACCCA Al'TCTTT'nA CATTCCTCTC ACCATCCTTT 

US I TCTCCCCTTT M.TT'CCOOCA CATTCACTCA OCTTATACCA CCACATCTCT 

t'70l TACTcrrITA TI'CTCCMCA CACCCCCTT'C TATCTCATCT ACCCACTCT'T 

'1 SI TCACTCCATT CCOCTTATAC TTCM'CTCCA ACACAC 

Fig. I (co11 ti1111ed). 
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Table I. Comparison of nucleotide sequence between the PPV strains. 

IMO - 1 4 1 4 1 4 1 ' 4 1 4 1 4 
5rcn 1 9 9 
axro 146 1 • • 146 l..a 10 10 

PliC 147 81 (•):l 84 23 o.ocm 
2447 147 70 70 13 O,ra,t; 

2444 147 82 82 17 Ol:t:ff4 
444 

P3 2448 106 106 19 0.0181 
3497 2446 106 106 19 0.0181 

34$4 t~ 112 112 22 0 ,02QI 

61<1 3400 30 30 4 0,(129; 
3663 34S6 28 28 5 0,0321 

:£60 ,~ 31 31 5 0,0321 

0 3664 286 286 12 0,0033 
5568 3661 289 289 18 O.C004 

0666 ,~ 286 286 13 O,OCS3 

6K2 5658 19 19 5 0,031◄ 
5717 5568 19 19 4 Of]21,2 

5714 5566 21 21 5 0,0314 
5714 538 31 31 7 0,0440 ,..,. ... 5718 208 208 13 O/X1ltl 

7025 5715 213 213 14 0,0107 
1'122 5715 208 200 15 0,0116 

7022 !&?.. VO VO V 0,0208 . 
~ 7016 280 280 26 0,0167 

fiilfl 7023 262 262 25 0,0161 
8676 7023 264 264 29 0,0181 

8676 ~ 307 307 38 0.0246 

CP 8500 140 140 40 0,0404 
9668 8577 123 123 30 0,0303 

9560 8577 115 (·)46 100 42 . 0,0424 
9520 ~ 174 (•}6 100 46 0,0462 

3r<n 9569 17 (·)2 19 axro 9787 9668 15 15 
97111 9621 14 14 

9741 4564 15 (-)1 16 
•m 

Differences among the nucleotide sequences of PPV D, (I) PPV Ran (2), PPV Nat (3), PPV El Amar 
(4) and PPV SK 68 were examined at each position of functional virus proteins and at the two 
noncoding regions of the genome. 
Deletions ( - ) and insertions ( +) in the different isolates with respect to the PPV SK 68 sequence 
are indicated. The putative protein products of each region were compared to PPV SK 68 and the 
number and ratio of change, as well as the fract ion of nucleotide changes that result in amino acid 
changes for each region , are shown in the columns. The positions of functional virus proteins in the 
polyprotein have been proposed for plum pox virus in earlier sequence studies and have been consid­
ered as the start of each protein on the sequence. 
• Sequence data are not available. 

the coat protein gene (Fig. 2), giving a better understanding of the serological 
differences in these strains . PPV stains can be divided into two subgroups based 
on the predicted secondary structures of fi ve coat proteins (16). Group A contains 
PPY Ran, PPY D, and PPV Nat, while group B consists of the PPY SK 68 and 
El Amar strains (Fig. 3) . The potyviral polyprotein is proteolytically c leaved into 
different gene products by N ia protease, HC-pro, and Pl (3 ,17-2 1). The proteo-

Fig. 3 . Five different PPV strains were analyzed with the program PeptidStructure based on the 
original method to predict helices , sheets, and turns . Glycosylation sites are predicted where the 
residues have the composition NxT or NXS. The PPV strains analyzed can be divided into two 
subgroups on the basis of this method: Group A contains PPV D. PPV Ran, and PPV Nat , while 
group B consists of the PPV El Amar and PPV S K 68 strains. O shows sites where hydrophilicity is 
ee 1.3 ; ◊ shows sites where hydrophobicity is ~ 1.3. 



Pl II I 1111 11 I I 11111 

HC 

P3 II I 11111 I I~ I I 111 111 

6K
1 -t-----¾ 

Cl 

6K
2 -H-ttlt 

Nia I I I II $ Iii iltl I II 11 I Ill II 

Nib 11 II 1111111 ·~ Ill II 11 'I . I II ~ll 

CP ~► ... ~Ii 111 II ffl il I I Ii 

Fig. 2. Distribution of amino acid changes in the proteolytic cleavage products. Size-sand positions 
of vertical lines representing the differences among the sequenced strains are indicated. Naming of 
the proteolyticl y processed products is according to Shukla et al. (2). 
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Fig. 4. Amino acid sequences of the heptapeptides of the protease cleavage sites (numbered from 2 
to 9 where cleavage sites a re correctly determined, while at position number I cleavage sites are not 
known exactly.) The consensus of sequences of heptapeptides are boxed. 

lytic cleavage sites are characterized by highly conserved heptapeptide sequences 
(2,22,23), but there can also be some changes. The amino acids at position - 4 
and - I of the heptapeptides at the Nla protease cleavage sites are the most 
conservative: Position -4 corresponds to valine, position - I is glutamine; in al l 
other positions changes can be found (Fig. 4). The heptapeptides at the HC 
protease cleavage site (at the HC-P3 border) are completely identical. Among the 
heptapeptides of sequenced isolates, the highest divergence is found at the SK 
68 strain (five amino acids), while in PPV D and PPV Ran, only one change, and 
in PPV-Nat two changes, have been found. 

The above data, together with a ll other available experimental evidence (full 
sequences, coat protein dendograms, proteolytic cleavage sites), show that the 
SK 68 isolate has the highest degree of phylogenetic divergence from other 
strains. 
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