cta
Biochimica
olonica

Vol. 41 No. 4/1994

QUARTERLY

Nucleotide sequence of RNA of a Polish isolate of potato leafroll

luteovirus

Andrzej Palucha, Ewa Sadowy, Alicja Kujawa, Marek Juszczuk, Wlodzimierz Zagérski

and Danuta Hulanicka

Institute of Biochemistry and Biophysics, Polish Academy of Sciences,

A. Pawiriskiego 5a, 02-106 Warsaw, Poland
Received: 7 April, 1994

words:nucleotide , potato leafroll luteovirus
sequence

The nucleotide sequence of the genomic RNA of a Polish isolate of a potato leafroll
virus was determined. Some variations between the determined sequences were
observed. A comparison of the frequency of sequence variants in particular regions
of the genome is presented. The nucleotide sequence reported will appear in the EMBL
Data Library under the accession number X74789.

Potato leafroll virus (PLRV), a member of the
luteovirus group [1] is transmitted in a persist-
ent manner by aphids [2], and is responsible for
significant world-wide economic losses in po-
tato crops [3]. The small isometric particles of
PLRV are 25 nm in diameter and encapsidate a
single stranded positive-sense RNA (Mr about
2 % 10°) with a 5"-linked protein (VPg) and no
significant stretches of 3’poly(A) sequence [4].

A significant burst of the infections which
occurred in 1989 stimulated us to undertake
studies on a Polish PLRV isolate. Several
phenotypically different PLRV strains were de-
tected by Polish phytopathologists. Classifica-
tion of these strains has been presented by
Syller [5].

As concerns luteoviruses, the nucleotide se-
quence of two isolates of barley yellow dwarf
virus [6, 7], beet western yellows virus [8] and
two European isolates of PLRV (Scottish —
PLRV-5 and Dutch — PLRV-D) [9, 10] have
been published. The nucleotide sequence of
one Australian and one Canadian isolates of
PLRV (PLRV-A and PLRV-C, respectively) and
their relationship to two European isolates
have been also reported [11].

Itisassumed that replication of RNA genomes
results often in a spectrum of highly homolo-
gous sequences representing molecular vari-
ants of consensus genome. Such variants are
called quasi-species [12]. Quasi species are sub-
ject to natural selection [13]. Selective pressure
on PLRV genome in various geographical re-
gions may differ owing to climate conditions
and/or cultivar of host plants. Therefore, one
can expect the predominance of specific se-
quence fragments in various geographic re-
gions.

Particularities of Polish agriculture, where
local cultivars of seed potato predominate as
well as unexpected burst of infection in late
eighties, incited us to sequence local isolate of
PLRV.

This paper presents the genome structure and
complete nucleotide sequence of a Polish iso-
late of PLRV (PLRV-P).

MATERIALS AND METHODS

Virus propagation and purification. The
PLEV-P used was derived from a field isolate
(Collection, Potato Research Institute, Mloc-
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héw, Poland). The isolate was maintained in
potato tubers and virus particles were extracted
from infected potato shoots and leaves. PLRV
was purified according to Tamada [14], with
the modification using of pectonase and cellu-
lase enzymes instead of drisalase.

RINA was isolated by proteinase K treatment,
followed by phenol extraction. Synthesis of
cDNA and cloning of double stranded cDNA
were performed as described by [15].

Clones were tested by colony blotting and
hybridised with 7?P-labelled <DNA to PLRV
RNA [16].

Overlapping restriction fragments from
cDNA clones were sequenced using the “dide-
oxy chain termination” method [17].

The 5-end of PLRV genome was sequenced
using RNA as a template [18] and AMV reverse
transcriptase and two primers located 132-155
and 361-380 nucleotides from the 5°-end of the
sequence (Fig. 1)

To obtain the cDNA clone representing the
3'-terminal sequence of the genomic RNA an
oligonucleotide primer 20 nucleotides in
length, complementary to the extreme 3'-ter-
minus of the Scottish (PLRV-S) and the Nether-
lands (PLRV-D) isolates, was used to prime
reverse transcription. Additionally confirma-
tion of the nucleotide sequence of the 3’-termin-
us was obtained by sequencing of two
independent clones constructed in random
priming experiments.

Sequence analysis and alignment were done
with DN ASIS program.

RESULTS

Ninty eight per cent of genome sequence is
based on sequencing both cDNA strands, 95%
represents results from sequencing several (2—-
4) independent, overlapping clones.

The established length of the PLRV-P genome
is 5882 nucleotides. The same length has been
found for the Netherlands isolate [10] and
PLRV-A [11]. The genome organisation of
PLRV-P is the same as that of the other isolates
[9-11).

Sequence variants

During sequencing overlapping clones, we
detected in minor sub-population of viral

cDNA’s, point mutations representing the vari-
ants of consensus sequence.

These mutations were localised in strategi-
cally neutral regions of the genome. None of
these mutations resulted either in premature
termination of viral ORF's or in creation or
destruction of cysteine codons therefore pres-
erving the overall architecture of disulfite
bonds in viral proteins. None created hypothe-
tical proteclytical cleavage sites or glycosyl-
ation sites. Finally, mutations were not creating
or destroying serine or tyrosine codons, there-
fore not affecting hypothetical phosphoryla-
tion sites of viral peptide.

To rule out possibility of technical ambi-
guities as a variant we accepted the nucleotide
change occurring in more than one inde-
pendent clone.

Similar results were reported for the PLRV-S
isolate [9] and for other RNA viruses. The re-
cent studies of Holland et al. [12] showed that
most of the RN A viruses form complex “quasi-
species” populations which can evolve very
rapidly.

We found that variants arose due to different
types of mutations (Table 1). The most frequent
are CesU and A«<G substitutions. These muta-
tions represent transitions — errors which
occur during replication more frequently than
transversions.

It was of interest to compare the frequency of
sequence variants in particular regions of the
viral genome (Table 2). The changes in noncod-
ing region at the 5"-end, and noncoding interci-
stronic region occurred slightly more
frequently than in the other regions of viral
genome. No change occurred in the noncoding

Table 1
Types of nucleotide changes (observed) among
clones of PLRV-P
W06 | s | uaanis
Ae=C 1 36
Ae=G 9 322
Acl 2 7.2
CeaG 2 7.2
CeU 14 0.0
GCeU 0 0.0




Vol. 41 Nucleotide sequence of RNA of potato leafroll luteovirus 407

Fig. 1. The nucleotide sequence of PLRV-P RNA.

The nucleotide changes are indicated above the continous sequence. The amino-acid sequence of the six ORFs are shown
below the nucleotide sequence.

10 A 20 3o 40 50 &0
CARARGARUACCAGGGGARATUGCAGCUIIAGCGCAUARACUCUACACUCATUG CARADG
70 B0 20 100 110 1zo

UUATASCAUADGATUGUATUGACCCAGUCUGGAACCUDC CUUUUUGACCARAGALITUIARA
M I VvV L T Q S 6 T L L F D QPR F K

130 140 150 160 170 180
CUCUCAARGUUUCUCTICGUUGUCAUUGCAACAGGCUUUCCUCUDCUCCURG CAGCARGCG
L § X F L F VYV Vv I ATOGUVF P L L L Q QA

150 c 210 220 230 240
AGCUUAAIUTUACGECUAUAAUCAUCGARCACAUUUACCOCAUAUCGCOCCUCUUUIUCUUIUAL
5§ L I ¥ &6 ¥ ¥ H BE Q I ¥ R I € R 8 F L X

M B R F T A Y A AR L F F M

250 260 270 u 290 300
GUUCUCCCUTUG CUCARCUGCARARAGAGE CAGGAUTUUCAACAUCCGECCUUCARACUUCCG
¥ L P L L N € K RGRTI STSOGILOUL P

F 8 L € 8 T A K E AG F Q H P A F N F R

310 320 A c 340 iso £l
AGGCACCUCCACUAUGAGUGCCUUGAGUGGGGAUTACTCUGOGGCACCCACCCCGCUATA
E H L H Y ECLEM™M G L L COGTHUP-AMI

G T &8 T M 8 AL S ¢ D Y 8 A A P TUP L Y

37 380 350 400 c A A 420
CARAUCCUGGGCCCUACCAUCGUCAUUARACUUGACGACCCAACCACUG COGOOGCUTIAC
Q I v 6 P T I ¥ I X L. DD P T T A A A ¥

K 5 w A L P &8 58 L N L T TOGQ PP L P P L T

430 440 T 450 460 470 480
RGAUCGGAGCUACUACGAGUUAGUUCARGCUCUTAUAUCCAARAAUGOGGCUGGAUUGUCA
R &8 ELL RV S 5 5 5 Y 1 Q0RFRAMAMMG®GTUL S

D R 8§ ¥Y Y E L ¥V Q A LI S KMUBRIULUDTCOGQ

450 500 510 520 530 540
AACGEUUGEGEACAUGACAUGIAGG CAUIGUCAGARAUGCUAUUUGCCUCCUGGARCTC
H G W 6 H DM E A F VR NAMTIUGCILILEL

T vV 6 DM TWRHTILS EMULTF A S W N 8

550 560 570 S80 550 600
COUGAAAGRAGUAUCCCUCAARG COGCCUCCGUGACCUUAUGGSCARUTUAUCAACAULIUG
R ER 5 I P Q 8 G L RDILMUGNTDTYOQHL

Vv ¥ E VvV 5 L K A A 5 V T L W A I I N I W

610 620 630 640 650 660
GUUOGGUCUCUAUTDGGACG CUDG CARGGUTGAU CACUTUG IICCUCUGGACUUUCAGCAL
YV R S L L D ACIKUVYUDHPFPV PLDUFGQgQH

F L Y W% T UL AU R L I TLPF L W TV F S5 I

&70 680 650 700 710 720
AGARAGCCUUAUG CUUARIUUUGCUCGGUIGUALARCCAGCUUGAUCUACAAGGGOGOGCY
R § LM L W F A RL ¥ H Q L DL OQ G R A

E A L € L I' L LG CI TS L I ¥ XK G A L

730 T40 750 T60 770 T80
AAGUCUUUCAGAGCACUUACCGGUUUICCUSTUUAUGUCCCCUCUGAAGAUUATUIGGAG
K 8§ FRALTTGU F PV Y ¥ PS5 EDIY L E

& L 8 EHL P V F L FH S P LEKTITIMWR

750 800 810 820 830 B40
GGCAGCUUUCUCCAARAGGAAUTUACARGAAUCACASCOCUCUGGARGGAUACAARGGGUL
G § F L 0 K E L Q E -

A A F S KR N Y X N ERDAMNKVYVETG GTYKSGTF
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Fig. 1. continued

850 860 870 880 890 500
TUCEGUCCCACAGARACCGCCARRGUCUGCOGUANIUGAACTACAACAUGARAACGGCAG
S ¥ P Q K P P K S AV I EBELOGQHENRSGS S

210 i 920 930 940 950 950
CCAUCUCGGGUACGCOAACUGCATICG CUNGUACAGUGGAGAGAACGCOUUGGUGACAGC
HL G Y AN CTIRILYSGGEWZNNWATLUWVTA

970 a0 930 1000 io1o0 1020
UGRACACUSUCUAGAAGG COCCUTCECARCGUCGUUGAAAACTGGAAR CAGGAUUCOGAU
E H C L E G A F ATSULKTUGNHNURTIUPM

1030 1040 1050 1060 1070 1080
GUOGACTUUUCUUUCCCAUUUUCAAARG UG COCGUARUGATAUCUCCAUACUAGUAGGUCC
S T FPFP PI F KS ARNDTISTIULWVYGT?P

1050 1100 1110 1120 1130 1140
ACCCAACUGGGAAGGUCUACUAUCAGUCARAGGAGCUCATUUCATUACAG CUGACARAAD
P N W E O L L S V XG A HPFP I TATUDIEK!I

1150 1150 1170 1180 1150 1200
CHRECARAGGUCCUGCOUCUUUCUACACUCUUGAGARRGGEGAGUGGAUGUGCCAUAGUGT
G K G P A 8 F Y TULEIEKTUGTEMWMTECH S A

1210 1220 1230 1240 1250 1260
CACCAUAGAUGGASGCCCAUCACCAGUUCGUGUCUSUUTUAUGCAACACUGGACCCGGAUA
T I b 6 A H HQ F V 8 VvV L € HTGPG Y

- 1270 1280 1230 1300 1310 T 1330
UUCOGGARCAGCGUUITUGGUCUUCARRSAATCUGCUUGGUG UG CUUAARGG CUUCCCACY
§ 6 T 6 F W 8 8 KNILULUGVYULIETGUF PP L

1330 1340 1350 1360 1370 1380
GGAAGREGAGUGUARCUACAAUGUUADGUCUGUUAUACCCUCGAUCCCAGGARUCACIUC
E EE CHN VY NV H S8 VI PSIUPOGTITS

1380 1400 1410 1420 1430 1440
COCAARUUAUGUGUULIC AGUCCACCGCOGUAAAAGG COGOGUCUUCUCGEAUGARG CUGT
F H ¥ ¥V FE 8 TA VYV KG RV F 5 DE AV

1450 1450 1470 1480 14590 1500
GAARGAGCUAGAGCGGAAAGCAUCCGAAGCOGUCAAGARGCUUG CCAGAUUUARARUICACY
K E L EREMBMANLZSEMB MV K KL ARTFIKSL

1510 1520 1530 1540 1550 1560

UACOGGCAMGARCUGEECUGADCATUAUGACTU CCCAUGAGGAUUACGGUCUGGAGAGAGA
G L R 8 G E R

T G K N W A DD Y D S D ED Y G L ER E

1570 1580 15390 1600 16810 1620
GOCUGCAACARAUGCGCCOGCAGAGAARA CUGCUCARACARRACUCAGCAGRGAAGACUGT
@ C H KCAMRUEEMNUGCSMNMUEKTLUSHRETDTC

A A THNAMPAEIEKTAOQTMNSATEIKTA

1630 1640 1650 1660 1670 1680
UCCAUCAACUUCAGCAGACAARACUCCUCCARCAAACAMGCCUTUARAUGGG CARGOGGC
5§ I H F S R E N CS NV KOQWMAMTFIEKWMWATSOGOG

P 8 T & A BE ETATPTMHIETPLHNHNG QA AA

1650 1700 1710 1720 1730 1740
ACOGUCCGCCARAACARNCGGCARCUCOGACAUCCCOOACOUCCCUACAAGCGCACCACT
T VR QNI KROQILUZERUHKEUPRZERERYDXRTT

P 5 A KT N GQ N S DI PDV ATSERMTF P

1750 1760 1770 1780 175%0 1800
AMUGGACAAARDGGUOGAACAGAUCATICACAGCUAUGGUGGGGAGAAUCARAUCTUICUCGGA
H G Q ¥ G R TODHHS Y 6 G E N Q 5 L G

M D K M ¥V E Q I I TAMMVYOGURTIMNILSE
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Fig. 1. continued

1810 1820 18340 1840 1850 1860
GAUAGAGGAGAAGAUAGUGAG CACCGUCUCUCACAARGCCCUGCAGRAS COCARACARRR
D R G E D S BE Q G ¥ 5 BE 5 P A E A QT K

I E E ¥ I v 8 R ¥V 858 0 K A L Q K P K Q0 K

1870 1880 1850 1500 1310 1520
GARGOGCGGEAMGGOGUOGAGGEAAGAR CAAGCAARACAGUUCACCUCCUACTUUCARCGCA
E A R K AMWUREEOQAIZ KOQPFTS Y F N A

K R 6 R R G G KN KOQWNSS P PTSTQ

1330 1540 1350 1960 1970 1580
AUCUACARGUGGGGOGCCCARGRAGAAGGCUGUCCOCCAGGCUUCAGCARCUGCGGOCAC
I ¥ K W G A Q E E G C P P G F R K C G H

& T 8 G A P K K XK AV P Q A S G 5 A G T

1%30 U 2000 2010 2020 2030 2040
AUCCCOGECUACUACCACCCCOSCACCAGAGG OGAARCC CAGUGGGEGCAMAACTUCUGT
I P G ¥ ¥ HP RTROGETOGQOQMWNGUQIZ KTLC

& P ATTTUPAMPEMDBADIKD®PS GG XN S5 A

2050 2060 G 2080 2050 2100
CAAGUUCAUCCOGAG CUGEOGGAGAAAACARACAGGAUUCGECUGGC CARAMG COGOATCY
Q VH P ELMB MEIEKTTOGT POGCMWDP K A G 8

K F I P 58 W R R K Q QDS A G QX P DL

2110 2120 2130 2140 2150 2160
GAAGCUGAACUCCAAAG CCUGAAUCUACAGG CUOCCAGCUGECUCCAACGOGOGAATUCT
E A E L ¢ 5 L N L @ A A RMWIULODRMATE 5

K L N 5 K A -

2170 2180 2150 2200 2210 2220
GCCACUAUCCCUGGOGCAGARG CARGARMSG CCCCUCATUGAGANAACAGUGGAGGCAUAC
A T I P G A EARIEKURVYVIEIZ KTUWVEH SATY

2230 2240 2250 1260 2270 2280
AGAAAUUGUGUAACUAACGCCOCACUGUG CUC COUAAAUCCARACUGGALIUGEE TGS
R W C ¥V T NWNAMUPULTUGCSTIL XS KULDMWATG

2250 22400 2310 2320 2330 2340
F Q QDI R EAVY Q 5 L BELDAGUVYG I

2350 2160 2370 2380 2380 2400
COCUAUAUCGCOUAUGGCCUCCCCACACAC COAGGAUGEGUUGAGGACCAUAAGCUIICUC
F Y I A ¥ G L P T HURGW VYV EDHZEX L L

2410 2420 2430 2440 2450 2480
COAGUGCUCACUCAG CUGACCUUUGACCGACUACAGAAGAUGUOGRAGG CCASCUUUGAD
P ¥V L TOQULTVFODURULGIEKMSEU BASTFE

2470 2480 2450 2500 2510 520

2530 2540 2550 2560 2570 2580
ARRGGAGAG CCCCACAMACAGAG CARACUCGAUGAAGGCCOCUAC COCCUCAUCADGUCY
K G E P H K Q 5 XKL D EGR Y RL I M S

2590 2600 2610 2620 2630 2640
GUUUCCUUGGUGGAUCAMCUGGUAG CCOGGOUUCUGUUCCARAACAG AR CARARGGEAR
¥V§L VDQLVARUYVYILTFOQDNGOGMNIETRE

2650 2660 2670 2680 2630 2700
AUTUCCCUGUCGAGGUCUGUGCOUUCCARAC COGGEUUTUCEC CUUUICARCUGACACUCAR
I 5 L WR &V P 8 K P G PF G L S TODTOQ

2710 2720 2730 2740 2750 2760
ACUGCUGAATIICUNGEAGUGUC U CARAAGGUGUCUGGAG CGCOATCUGDAGAAGAALIIG
T A EF L ECLOQ XV S8 5 AP S V EETL
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Fig. 1. continued

2770 2780 2730 2800 2810 2820
UGUGCARAICACARGGRAGUACRCGOGCCCARCOCACUGUUCCGGUUICGACUGEUCAGLUC
C A N H XK E ¥ TRUPTODOCSOGF DWS5 V

2830 2840 2850 2860 2870 2880
GOGUATIGEAUGCUGEAGEAUGAUAUGGASGUCAG AAAUCGCOUGACAUIANIARACACT
A Y W ML E D DMEWYERMNUBRILTUFNDNT

2890 2500 2910 2520 2530 2940
CAGCUCACCARGCGCCUICGGECCGCCUGEUUGAAG UG CAUAGCARAUTICOGUCCUGUGC
g LT XK R L R A AW L K CI GHNJSV L C

2350 2960 2570 2980 2930 agoo
CUGUCOGALGE CACUTUACUUGCCCAAACUSUUCCOGO PGUGCAARAGAGOGGANG UUAC
L 5 D G T L L A Q TWVY PG V Q K 8 G 5 X

3010 3020 3030 3040 3050 30&0
AAUACARCUUCCUCCARCUCUAGARUCCGGOUUALGG CUGCCUAUCACUGUGGOGCOGAT
N T § § 5 H 5§ R I R ¥ MM AR A Y HCOGA ATD

oo 1080 igs0 3100 allip iizo
VGGG CAAUGGCCABGGGEGACGAUGCUCUCGAAGCCCCCAACUCCGACCUGGAGGAGUAL
W A M A M G DD AULEA AUPWNSTDILEEY

3130 3140 3150 31lED 3170 ERE:L
AAMACACUASGUTICAAACGUCCAGCUAGGUCGAG AACUCGARTIUICUGUUCACACAUCTRUC
¥ T L G F K VvV E V¥V 6 R E L E F C© 8 H I F

3i50 31200 azlo 3220 EFEL 240
AGAMUCCGACCCUCGCOGUICCEEUCARCACCARCAAAAUGCUUITACARG UG ALICCAL
R N P T LL A ¥ P ¥ N T N E ML Y K L I H

3250 1260 3270 3280 3230 3ioo
GOUUAUAAUCOGGARAUGUGGCARICCAGARGUCALT CARAA CUAUCUGECUGCAGUALTIC
G ¥Y R P E € 6 H P E YV I ¢ WY L A AV F

3310 3320 3330 3340 3350 3360
UCUGUGCUGCAGGARCUCCCACACGAUCGUGAGTUCGUUG CCAAGCUCCACCAGUGEUDG
S VL Q EL R HDMBRETLVYWHAUEKULHOGMWL

3370 3380 3350 3400 3410 3420
GUUCOGAGIGCCACCACARAASAACACUCAAGCAGCUCACUARARCUAGCCAAGCAUALG
v P &§ AT T K E H -

3430 1440 C A 2480 EE kvl Jago
COAGUUGCARGCATUIGS ARGUUCARGUCUCGUUACAICARCOGGACAAAAUAGALUTIAUARN
C 3490 3500 3510 3520 3530 3540
AUUUIUASCGEGATULS CUUUAGGAUUCU CAUC CGCARDCCCAUIUUICAGUTAGCOGEUTTU
r355ﬂ 1560 asyo 1580 3550 JE00
AUATUDUGUUUACCUARGATUUCCUCCCACGUGCGAUCARUUGUUARUGASUACGGUCG
M 53 T V¥
isl0 3820 3630 3640 3650 3660

UGGUUARAGCARALGUCARUGSUCGUGUACAACARCCARG ANGGCOARCARGECARUICCC
M s ¥ VvV VY ¥ NNGQQEGTETETGHN?®P
¥ ¥ K G NV NGO GTYOQQOQPRRSRRERG S

3670 JEBO 3650 3700 3710 iT20
TUCGCAGGOCCGCUARCAGRGUIUCASCCGEUGGUUAUGGUCACGGCCOCUGEECARCCCA
F A G A L T E P 5 R W L W 558 R P LG N P

L R R R A NERUYOQPV VvV HV T HAKPEPGAQQP

c 3730 3740 3750 3760 A77a A780
GOOGUCGARRGACECAGARGAGGAGG CAAUCGCOGCUCAAGAAGRACUGGAGUUCCOCGAG
G ¥V E D A E E E A I A AQ E EL E F P E

R R R R R R R G G HNURURUSUBRZERTUGUVPR

37890 a800 3810 ig20 G 3830 1840
GACCAGGCUCARGOGAGACAICGUGULUUACAARGEACARCCUCAUGEECARCUCCCARG
D E A Q A R H S C L QF RTT S WATPK

G R G 8 58 E T F VY FTKDU NKILMKGNHN S O
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Fig. 1. continued

3gs0 3860 3870 3gao0 3aso 3500
GRAGUUICACCUT GGG COGAGUCTATCAGACDGUCOGGCAUCARAGEGAUGGARUIACTUCA
E ¥V &8 P 5 G R YV Y 0 TV R HS R M EBE Y 5

6 §s F T PGPS L EEDOCOUPATFUEDGTIL

isip 3520 3930 3940 3950 3360
AGGOCUACCAUGAGUAUAM AUCACRAG CAUCUUACUUCAGUUCGUCAS CGAGOCCUCUY
R P T H 8 I R 8 Q A 8 Y F 58 8 58 A RUP L

K A Y H E Y K I T 5 I L L @ F VvV 8 E A S

3370 isao 3550 4000 4010 4020
CCACCUCOUCOGEUUC CATOG CUUADGAGTUGGAC CCOCATTUG CARAGUAUCAUCOCUCT
P PP PV P S LM S WTUPIAMYEXTYTYHT?®PS

§ T § 8 G 58 1 A Y ELDUP HCIEKV S S5 L

4030 4040 4050 u c 4080
AGUCCUACGUCAACAACUU CCARAITACCAAGIG COC O COARAACUTAUCARAGCGOGGA
§ P T 8 T 8 8 KL RRAMAEPIEKTULTIUIKTZROG

@ § ¥ ¥V N K F Q I T K G G A ETTY QAR

4050 4100 4110 4120 4130 4140
UGAUARALGGGOUAG AAUGGCACGAUUCUUCUGAGGAUCAGSUGC CGCAUTACUGUGGARGS

M I N G V E W HD S 5 EDQGQCRTITL®HNKEK
4150 4160 4170 4180 4190 4200

GAAAUGCAAMUCUUCAGAUTACCE CABGAUC CUUCAGAGUCACCAUCAGGGUGGCUIUGE

G N G K 5 53 0T AG S8 F R Y TTI DRV AL

43210 4220 4230 4240 4250 4260

ARARCCCCAMUAGOUAGACUC OGO AU CAGAGCCUGGUCCAAGCOCACAACCARCACCCA
G N P K - VD B8 G § E P G P 5 P g P T P
4270 4280 4230 4300 4310 4320

CUCCAACUCCCCAG ARG CACGAGCEAUTUAIIG CUTACGUUGECAUACCUAUGCUAACCA
TPTP QKHETU RTFTIAMY VG I P ML T

4330 4340 4350 4360 4370 4380
I 0 AREU NDOUDOGETITIULG S LG S gQ@BRM

4390 4400 u 4420 4430 4440
AAURTAUAGAGGACOAG ARCCAG AACUACACARAUGUUAGUUCUGACUAUUACUCUCAAL
K ¥ I E D E N @ ¥ ¥ TH V S5 38 E Y Y 8 Q

4450 4460 4470 C 4480 4450 4500
COAGCADGCAAGCOGUCCOUATGUAUTUACUUUARUGUCC COARAGGS CARTIGEUCAGUCS
§ S M Q AV P MY Y F NV P K G Q W 5 W

4510 4520 4530 4540 4550 4560
ACAUCAGCUGCGARGECUAUCAACCCACUAG CAG CACCUCGGAUCCAAACCGCGOURGEA
b I s ¢ BE G Y QPTS S5 TS5 DPUNURTGR

A 4580 4550 U 4500 4610 4620

4650 4700 4710 4720 4730 4740
TUGARRTUIAACUCOUSUCAUUUUCG OGAGCO CCARCUCCUUGAACGEGACE CUACARLIUA
L EI H &8 ¢ H PREGOOLULEGSRTG DU AZTTI

4750 4760 4770 4780 4730 4800
GCUUCCACGUUGANG OO CCURACUGAUGGGCGATUCUUUCUCGUUGSUCCOGCUAUCCAGA
5 FHV EAVPTUDOGE RTF FUFPLUVGT PAI o
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Fig. 1. continued

4810 4820 4830 4840 4850 4860
AARCCGCAARGUAUAACUATACUAUCUCATACGGUGACUGGACGGACCGAGACADGGAAC
KT A K Y N Y T I 8 Y G D WTUDRTDMEE

4870 4880 48350 4500 4510 4520
BEEEGCUGAUCACOGUGCUG CUUGAUGAR CAUTIAGARAGGCACUGG U CGGCUARCAGAG
LG LI TV VWV LDEUHTULEU OGTUGUS A HNRER

4330 4340 4950 4960 4370 4380
DGOGGORFCOCCCADGEEAGGECCACACCUATAUGGCOUCGCOGOG COAMC OGGARGGAA
¥ R R P P R E G H T Y M A 8 P R E P E G

4590 5000 5010 5020 5030 5040
ARCOGGUUGGEARATAAC CAAGGGACGAAACCCOGAUACARACGCAGGAAAGACRACCUG
E P VG N K P RDETUPI QTWOQTETZRTUGgP

S050 SO60 5070 5080 5090 5100
ADCARACUCOGUCUGACGACGUAUCCGADGCUGGUUOGGUAACAA CAG CGGCUCAACUG
b Qg TP S DDV S DAG S VYV NN S G S T

5110 5120 5130 5140 5150 5160
AGUCGCUGCAALTUGGAGUTUCGGEEUARACUCAGATAGUACCUACGRAUGCUACAGUCGALG
E 8 L ¢ L BE F G VvV ¥ 5 D 8 T VY D ATV D

5170 5180 5150 5200 5210 5220
GUACAGACUGGCCCAGARIUICCUCCACCARGGCACCCACCUOGRACCUAGAGUUUICOGGCA,
G T D W PR I PP P RHUPPEUPRWVYSG

5230 5240 5250 5360 5270 5280
AUUCARGAR CUGUUIAUUGA CUUIUUCUCCGARAG COGATCUATUGGAGARAUIUGGGAUGCOG
K s R T V I P F 8 P KA DILULEDNW:-D A

5250 5300 5310 5320 5330 5340
AACACUUCGACCCUGGUUAITUCCARACAAGAUGUCGCUGCUGCUACUATUAURAS CCCACS
E H F D PG Y 5§ K ED VY A AATIIOAH

5350 5360 5370 5380 5350 5400
GCAGUAUICARGAUGEFECGAACUAUGUDGCAGAAGASAGAGGAAAGUGUCARGAACANAA
G 5 I ¢ DG R 8 M L E KR EE S V K H E

S410 GG C 5430 5440 5450 5460
COUCCUCCUGE ARG CCCCOGUUAUCUARAG CEG UG ABCOCAGCCAUAGOCARAUGOGCU
T 5 8 W K P P L S8 ¥ AV 85 P A I A KL R

S470 G 5450 5500 5510 5520
CEAUUCGCARAUCCCARCCCOUCOAGGEAGGEACCCUUARGAMGACGCUACUGAUGGUG
s I R K § Q P L E G G TULEKIEKUDATTD G

5530 5540 5550 5560 5570 5580
UCUCAUCTAUUGGE CAGUGEUUCUCUARACAGE UGG CACGCUARGAGGARGGUARCUALIUG
¥ § 5§ I 6 8 6 8 L T G.6 T L XKTZERUXXUWVTTI

5530 5600 5610 5620 5630 5640
ARGAGOGUUUIACUGCAGACCUIAACAR CUGAACAAAGOCUCUCCUADGAGAAUUDGARGA
E ERLLAQTULTTEUGQH RTILMWYEU HNILK

SE650 S660 5670 5680 5690 G
ARACUAACCOUCCAGCUGCUAUCCARUGC CUGUAUGAAUAUCAGCCACCUCCCCAAGLIAG
K T H P P A A I O W L Y E Y QP P P g V

5710 5720 5730 5740 5750 S760
AUAGARACAUAGCUGARAAG CCAUUCCARGGGAGGAARDCAGUCGACUCACGACTUARAA
DR NI A EIKUPVFQGURE -

5770 5780 5780 5800 5810 5820

5830 S840 5850 S860 5870 5882
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Table 2 Table 4
Nucleotide changes detected in particular regions Percentage difference for pairwise comparison
of PLRV-P genome genomnie
Region Number Length T PLRV-F and PLEV-D 2
5'nc 1 69 1.5 PLRV-F and PLRV-5 2
ORF1 8 744 1.1 PLEV-F and PLRV-A 7
ORF2 9 1920 0.47 PLEV-P and PLRV-C 2
ORF3 3 1851 0.1a
ne-ing 3 197 15 whereas for the PLRV-A isolate the difference is
4 627 0.64 about 7%. Similar relations were observed by
ORFS Keese ef gl. [11] between PLRV isolates A, C, D,
ORF5 4 471 0.85
and 5.
ORFa g 1530 0.59
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