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The cloned ¢cDNA copies corresponding to 1300 nucleotides adjacent to the 3'-terminal poly(A) tract of

the potato virus X (PVX) genome have been sequenced. The amino acid sequences of three open reading

frames were deduced from the nucleotide sequence. Two putative small nonstructural polypeptides cor-

responding to the open reading frames adjacent to the coat protein cistron possess some properties of mem-

brane-associated proteins. Direct sequence homology and common structural peculiarities exist between the

PVX small proteins and the putative small nonstructural proteins encoded by RNA 2 of hordeiviruses and
furoviruses
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1. INTRODUCTION

Potato virus X (PVX), a type member of the
potexvirus group, has an infectious monopartite
single-stranded RNA genome of ~2.1 x 10° Da
[1,2]. The genomic RNA of PVX has a cap struc-
ture at the S'-terminus [3] and is polyadenylated at
the 3'-end [4]. The length of the poly(A) tract in
PVX RNA varies over a wide range with a max-
imum of about 250 nucleotides [4].

The presence of the 5'-terminal ‘cap’ and the
3'-terminal poly(A)-tail is typical for several
potexviruses [4—7].

At least three proteins seem to be encoded by the
genomes of potexviruses. The 3’-terminal regions
of the genomic RNAs encode the coat protein
{8—10], which is translated from a subgenomic
RNA [7,11]. Two major large nonstructural
polypeptides of 160~200 and 140—155 kDa are
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produced upon in vitro translation of the genomic
RNAs of potexviruses [6,7,10,12]. These large
products as well as some intermediate minor pro-
teins are probably the members of a nested set of
polypeptides.

This paper reports on the nucleotide sequence,
organization and interviral homologies of the
putative genes immediately proximal to the PVX
coat protein cistron, of which the sequence has
been previously published [8].

2. MATERIALS AND METHODS

2.1. RNAs, enzymes and nucleotides

Virion PVX RNA was kindly provided by Dr
V.K. Novikov. DNA polymerase I from E. coli,
AMYV reverse transcriptase, restriction en-
donucleases, bacteriophage T4 DNA ligase and
kinase were from Boehringer-Mannheim. RNase H
was kindly provided by Dr N.P. Rodionova. 3*P-
labeled nucleotides were from Amersham. HindIIl
and BamHI linkers were synthesized as in [13].
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2.2. Synthesis and cloning of double-stranded
cDNA

PVX RNA was copied into cDNA and cloned as
in [14—16]. The resulting cDNA clones were
screened by colony hybridization [17] with
oligo(dT)-primed, 3?P-labeled, single-stranded
¢DNA. Plasmid DNA was isolated from colonies
[16] hybridized with the probe. The cDNA inserts
were sized by electrophoresis in a 0.8% agarose gel
and characterized by restriction enzyme analysis.

2.3. DNA sequencing

The restriction fragments of cDNA inserts were
sequenced by the method of Maxam and Gilbert
[18] after 3’-labeling with DNA polymerase 1
(Klenow fragment).

3. RESULTS AND DISCUSSION

3.1. Determination of the nucleotide sequence and
identification of the open reading frames

Two overlapping cDNA clones were selected for
sequence analysis on the basis of restriction en-
zyme mapping and cross-hybridization (not
shown). One of these clones, pX-17/10, started at
position 445 from poly(A) and extended to the
5'-terminus by 1500 bp. A second cDNA clone,
pX-1/6, started at position 725 and extended to the
5’-terminus by 1700 bp.

The DNA sequence equivalent to the 3'-terminal
1300 nucleotides of the PVX genomic RNA and
the deduced polypeptide sequences are shown in
fig.1. The sequence of 860 nucleotides preceding
the poly(A) tract at the 3’ -end of the PVX genomic
RNA was determined previously using indepen-
dent ¢cDNA clones [8].

The sequenced region of the PVX RNA contains
three open reading frames (ORFs) shown in fig.1.
The first open reading frame (ORF1) commences
at ATG in position 1286 and continues to position
945, corresponding to a polypeptide of 114 amino
acids. The second reading frame (ORF2) initiates
within ORF1 at nucleotide 1009 and terminates at
nucleotide 800; ORF2 corresponds to a tentative
protein of 70 amino acids. The third open reading
frame (ORF3) starts from the ATG codon at posi-
tion 786 and terminates at position 76, encoding a
protein of 237 amino acids, which corresponds to
the capsid protein of PVX [8]. This conclusion is
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1200 ARAGGAACTBACATATETCD
A 0 6 HR L T A P V NS E N V Y I Y L B

1280 BCGCABGBACATAGACTBACCBATCCGGTCAATTLTGAARANGTGTACATAGTATTAGET
L s F A L VY 5 I T F L L 5 R N S L P H V

1220 CTATCATTIBCTTTAGTTTCAATTACCTTTCTGCT TTCTAGARATAGTTTACCCCACGTA
G DN I H § L P L 6 A Y R D 6 T kK A 1 L

1160 GBTGATAACATTCACABTTTACCTCTCBGAGE T TACAGAGACGGECACCARAGCAATCTTE

Y NS P N L B S R V 5 L H N G K N A A F
1100 TACAARCTCACCAARTCTAGGGTCACBABTGAGTCTACACAALGEAAABAACGCAGCATTT
M T Y L N A I
AA VvV L L L T L L I ¥ B § ¥ VY Q@ R N
1040 GCTGCCETTTTACTACTGACTTTACTGATCTATBGAAGCARATACATATCTCAACECAAT
1 A v I 8 I F L V R TE
H T C A C G N N H S5
BQ CATACTTBTBCTTGTGETAACAATCATAGCAGTCATTABTATCTTCCTAGTGAGGACTGA

P C VY I ¥ I T 6 E S I T Y L AC KL D A

920 ACCTTGTGTCATCAAGATTACTGGAGAATCAATEACAGTET TBECTTECARATTABATGE

E T I R A I ADLKTPL SV ERILSFH

860 ABAAACCATCAGAGCCATTECCGATCTCAABCCACTETCCGT TGARCEGT TAAGTTTCCA
M S AP ASTTOATGB S T T

BOO TTBATACTCGAAABATGTCABCACCAGC TABCACAACACABBCCACAGEETCAACTACET
S T T T K T A B AT P ATASBE L F T I

740 CAACTACCACAARAACTBCABGLGCAACTCCTBECACABLTTCASBACTGT TCACCATEE
P DG D F F S T ARAV Y ASDAUVAT

480 CGBATBEBGATTTCTITABTACAGCCCGTECTETABTAGCCABCGATGLCETTELAACAR
N E D L S E I E A I W F NM kK Vv P T D T

620 ATBABGACCTCAGCGAGATTGAGECTATCTEGAAGAACATEAAGGETGCCCACAGACACTA
M T 9 A A W kKLY RHCADUVYTESS A D

560 TGACACAGBLTGCTTEEAAGTTAGTCAGACACTETGCTGATETGEECTCATCTGCTCARA
T EM I DTGP Y ANGTISRARTLAA

500 CAGAAATEATABATACEBETCCLTACGCCAACGECATCABCAGABCCAGACTGEEAGCAG
Al ¥ E V C T L R G F C M F Y A F YV U W

440 CAATCAAAGAGETETBCACACTTAGBCAATTTTECATEAAGTATECCCCAGTEGTATEEA
M WM L T NNGSP P ANUWEGADTSEGETEF ¥ P

3BO ACTGBATGCTEACTARCARCAGTCCACCTECTAACTBECAABCECAAGETTTEAABCCTE
EH K F A AF DFF NGY T NPAATIMN

220 ABCACAAATTCGLTBCATTCGACTTCTTCAATEBAGTCACCARCCCAGCTBCCATCATGE
P ¥ E 6 L I RPFP P S E A EMNAGALDTITA

260 CCAAABABBGECTCATTCGECCACCETETEARGE TEARATEARTGE TGCCCARACTEETE
A F Vv k I T k A R A QO S NDFE AS L D A

200 CCTTTGTGAAGAT TACAAABGCCABEGCACAATCCAACGACTTTGCCABCCTABATECAG
A Y T R B R I T 5 T T T A E A V V T L P

140 CTGTCACTCBAGETCSTATCACTGEAACAACAACCSCTEAGECTET TGTCACTCTACCAC

P P
B0 CACCATAACTACETCTACATAACCGACECCTACCCLAGTTTCATARTATT TCTEETTTE

20 ATTGTATGAATAATATAAATA - poly(A)

Fig.1. Sequence of 1300 nucleotides from the 3'-end of
the PVX genome. The DNA sequence is shown as the
equivalent of the viral RNA strand. Nucleotide residues
are numbered from the first base in the vicinity of the
poly(A) tract (indicated on the left). The three largest
polypeptide sequences deduced from this sequence are
shown using the single-letter amino acid code and
numbered from the initiating methionine.

in accordance with data obtained upon com-
parison of the predicted amino acid sequence of
the ORF3 translation product with that of the
papaya mosaic virus (PMYV) coat protein deter-
mined by direct sequencing [19]. Moreover, we
have found unexpectedly that subsets of the PVX
ORF3 translation product can be aligned in its cen-
tral part with the coat proteins of the potyviruses.
The sequences of the aligned segments are given in
fig.2.

3.2. Analysis of the putative noncoat genes
PVX ORF1 and ORF2 have not as yet been

shown experimentally to correspond to the actual

virus-specific nonstructural proteins. Nevertheless,
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PVX-—DA\’ATNEDL SEIEA‘JWK 288
VY ~|N TRATQSQF! TJIYEAYElM’ﬂY 288
TEV-NARA HEQPAAwHQAvmmxy{ 288
PeMv~|N TRATNS nwwygavxvmy; 268

TVMV | N TRATHSEQFKAWHTNVMEAEL 2aa

PVX-VPTHTMAQAAWDLVR”HCADVGss 28ae
PVY-'IGETEMPT DGLMVWCIENGTS 2%a

TEV-V'NE.QMKILLNGLMVWCIENGTS
Peuv-xanrzmrmVMNGLMVWCIEINGTS 2%a
TW»LNE@QMKIVLNGFMIWC E‘NGTS 29aa

*

2%aa

PVX-TLRQFCMK?}APVV 2288

PW~TLRQIMA}HF}SDVA 28as
T8V ~iTLRQIMTHFSDL A 28as

PeMV~IT LR Q I M AJH|F|S|D V A 28as
TVMV~|S LRQIMKEFRSNLA 28aa

P

PVX-HKF'AAFDFFNGV—;-NPA
Y -laryl-lArDEYEYVs|R RV
TEV - SR Y|-|AP D F Y EL TS|k |EV
PeMv-{A R Y|-laFDFYEY Os|R PV
mvuv-|a[plp|-larDF R EVEGATEY

LI *

Fig.2. Homology of amino acid sequences between the
PVX ORF3 translation product and the coat proteins of
potyviruses. Four homologous sequence blocks are
presented. The amino acid sequences were taken from
PVX (50 amino acids from the N-terminus), potato virus
Y (PVY) (81 amino acids from the N-terminus) [20],
tobacco etch virus (TEV) (78 amino acids from the N-
terminus) {21,22], pepper mottle virus (PeMV) (81
amino acids from the N-terminus) [21] and tobacco vein
mottling virus {23]. Numerals show the numbers of
amino acid residues which could not be aligned.
Asterisks show the 15 invariant amino acid residues.
Boxes exhibit the amino acid sequence similarity found
in the PVX protein and the members of potyvirus coat
proteins. Amino acid sequence similarity is the same as
described in {22].
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comparative analysis of ORF1 and ORF2 with the
respective genome region of another potexvirus ~
potato aucuba mosaic virus (PAMYV), support the
idea of the functional significance of the polypep-
tides deduced from ORF1 and ORF2. Thus, an
amino acid sequence homology of about 30% was
revealed between the PVX ORF2 tentative product
and the corresponding 73-amino-acid-long
polypeptide deduced from the nucleotide sequence
of PAMY RNA reported in [9] (fig.3). The amino
acid sequence homology between the ORFI
product and its PAMY counterpart is about 40%
{not shown).

It is interesting that the primary structures of
both the small putative PVX-specific nonstructural
polypeptides contain continuous sequences of un-
charged amino acids, which resemble the essential
features of the protein membrane-spanning se-
quences [24,25]. All such regions which comprise
at least 16 amino acids are given in fig.4 together
with a schematic representation of their
localization.

Comparative analysis of the nucleotide se-
quences of the extended 3’-terminal regions of
RNAs of potexviruses (PVX and PAMYV) with
those reported in the literature for RNA2a of
barley stripe mosaic virus (BSMV) [26] and beet
necrotic yellow vein virus (BNYVV) {27] revealed
the principal similarity in the organization of
ORFs coding for the tentative membrane-bound
noncoat proteins.

Fig.4a shows that proteins pl4 and pl7 of
BSMYV, pl3 and p17 proteins of BNYVYV as well as
PVX proteins encoded by ORF1 and ORF2 con-
tain hydrophobic amino acid sequences. The
length and the relative positions of the coding
regions of PVX, BSMV and BNYVV putative
‘membrane-bound’ proteins are quite similar.
Moreover, significant local sequence homologies
exist between PVX ORF1-coded protein, its analog
in potato aucuba mosaic virus genome, protein pl4
coded by BSMV RNA 2a and protein p13 coded by
BNYVV  RNA2 (fig.4B). The region of

MEANTYLNATIILVLVVTIIAVISIFLVRTEPCVIKITGESITVLACKLDAETIRATIADLKPLSVERLSFH+

- g e memfoem s

Fhtt=tmt

+ ==ttt et - - T+t

MY¥RYLDC~LLVIMCAVLATALLWPNNYHPCVIRISGAEIQIHNC~==~AEPNKITISSIQSHLGTGLSFHLKVKIKIVD+

Fig.3. Alignment of PVX ORF2 translation product (top line) with its counterpart of PAMY (bottom line). Conserved
(+) and similar (~) amino acids are denoted as described in [22].
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PAMV = TQVGDI=-SSIHSLPFGGHYKDGP2ERKEVLYY 52

PVX ~-PHIVGD|«-NIHSLPL~GAYRDGTEKAIILYN|] 51

BSMV-TESGD-NIF‘PFANGGBYRDGSKSISYN 68

BRYVV~- H S G{G DJY({G VIP[T FISN|GGIYRDGTRISIAID|F N} 54
* x + + ¥ T FF + 4

Fig.4. (A) Organization of the sequences of tentative small nonstructural proteins coded by PVX RNA, BSMV RNA
2a [26) and BNYVV RNA 2 [27]. The positions of the helical hydrophobic segments predicted according to [24,25] are
indicated by the boxes (a,a’,a’’,b,b’,b’ ' ,c,c’,c’ ). Sets of conserved amino acid residues are indicated by zig-zag lines.
(B) Alignment of the conserved amino acid sequences of the tentative PVX membrane-bound protein marked in the
upper part of the figure with PAMYV [9], BSMV [26] and BNYVYV [27] products. Positions where two or more sequences
consist of the identical and related amino acids are boxed. Amino acid sequence similarity is the same as described in
[22]. The position of the C-terminus in each sequence is indicated by the numbers at the end of the sequences. Identical
residues in all proteins or in 3 proteins are indicated below the sequences by * and +, respectively.

resemblance is located between amino acids 40 and
64 of the PVX protein (fig.1), 37 and 62 of the
BSMYV protein [26] and 38 and 64 of the BNYVV
protein [27]. There are 15 identical positions be-
tween PVX and PAMV and 14 between PVX and
BSMYV (fig.4). Although the sequence homologies
do not suggest a function for the putative
membrane-bound proteins, our observations on
the high degree of structural conservation between

these small proteins of potexviruses, hordeiviruses
(BSMYV) and furoviruses (BNYVYV) suggest that the
encoded proteins may be involved in virus
multiplication.

Analysis of the amino acid sequences encoded
by the genomes of the plus-RNA-containing plant
viruses has shown that, in addition to the potex-
virus, hordeivirus and furovirus translation
products, the long hydrophobic amino acid tracts
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are located in the double-read-through domain of
the p98 product coded by the carnation mottle
virus genome [28] and in the putative protein of
48 kDa coded by the genomes of two potyviruses
- tobacco etch virus [22] and tobacco vein mottl-
ing virus [23].
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