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Abstract

A complete sequence for the RNA 3 of Prunus necrotic ringspot virus (PNRSV) is described (Genbank Accession
U57046). Primers from this sequence were used to amplify both the movement protein and coat protein genes
of 3 other isolates of PNRSV originating from different host species and geographic locations. Comparisons of
these sequences with those of other published sequences for PNRSV and the closely related apple mosaic virus
(ApMV) showed that both the movement proteins and coat proteins of isolates of PNRSV are extensively conserved
irrespective of either the original host or the geographic origin. The movement protein and coat protein of ApMV
and PNRSV are sufficiently conserved to suggest that these two viruses may have evolved from a common ancestor.
The amino acid sequence of the two coat proteins shows areas of similarity and difference that would explain the
serological continuum reported to occur among isolates of these two viruses. Nevertheless, the movement protein
and coat protein of the two viruses are sufficiently different so that ApMV and PNRSV should be considered to be
distinct viruses.

Research indicates that Prunus necrotic ringspot virus
(PNRSV) exists as many serologically and biologically
distinct strains or isolates (Barbara et al., 1978; Ful-
ton, 1981; Crosslin and Mink, 1992). The evidence of
variation and diversity is such that it may be thought
as virtually axiomatic that each isolate of PNRSV is
different and, even possibly, unique.

PNRSV is a member of the genusIlarvirus, which
together with the generaAlfamovirus, Bromovirus, and
Cucumovirus,comprise the familyBromoviridae. All
four genera contain viruses with tripartite genomes.
The RNA 1 and RNA 2 code for proteins involved in
viral replication and the RNA 3 codes for both a move-
ment protein (3a protein) and the viral coat protein
(CP) (Murphy et al., 1995).

Ilarviruses appear to be closely related to alfal-
fa mosaic virus (AMV), the single member of the
genusAlfamovirus(Ge and Scott, 1994). In addition
to genomic nucleic acids, members of both genera

require the presence of CP to successfully initiate infec-
tion (Bol et al., 1971; Gonsalves and Garnsey, 1975).
Indeed, the CP of AMV has been demonstrated to initi-
ate infections with the nucleic acids of ilarviruses and
vice versa (van Vloten-Doting, 1975). The presence
of the CP is not required for successful initiation of
infection with the genomes of either Cucumoviruses
or Bromoviruses (Francki, 1985). The main differ-
ence between AMV and the ilarviruses has been that
AMV is transmissible by aphids while ilarviruses are
not (Hamilton, 1985). More recently, sequence data for
2 members of the subgroup 2 of the ilarviruses indicate
the presence of a 2b open reading frame (ORF) which
is absent in AMV (Ge et al., 1997).

Work with AMV has shown that a distinct change in
symptom expression results from mutation of a single
amino acid (aa) in the CP (Neeleman et al., 1991). A
similar situation has been demonstrated to exist with
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Figure 1. The complete nucleotide sequence of PNRSV isolate 30/4. Putative translation products of the two ORFs are indicated beneath the
sequence. Primers used in PCR are indicated by sequence in underlined, italic type. The 3a gene of other isolates of PNRSV was amplified
using a primer complementary to nt 1117-1141 and a primer in the same sense as nt 159-186. The CP gene of other isolates of PNRSV was
amplified using a primer complementary to nt 1800-1818 and a primer in the same sense as nt 1034-1051. This sequence has been deposited
with GenBank as Accession U57046.

Table 1. Listing of isolates described in this paper. GenBank accession numbers are indicated in parentheses, e.g.
(U57046)

Isolate Original host Geographic origin

A) Isolates used

30/4 Prunus persicaL. Batsch (peach) South Carolina, USA (U57046)

SW6 Prunus avium(L.) L. (cherry) Michigan, USA (AF013287)

Mission Prunus dulcis(Mill.) Webb (almond) California, USA (AF013285)

Prune Prunus domesticaL. (prune) California, USA (AF013286)

Can Prunus avium(cherry) Canada (Mackenzie, unpublished data)

B) Isolates referred to and described in other sources

PE 5 Prunus persicaL. Batsch (peach) South Carolina, USA (L38823)4

PV-0096 Prunus mahalebL. (mahaleb) Germany (S78312)5

PV32 Malusspp. USA (U03857)6 (Y07568)

ApMV-G - Germany (S78319)5

ApMV Malusspp. Massachusetts, USA (U15608)7

4Hammond and Crosslin, 1995
5Guo et al., 1995
6Sánchez-Navarro and Pállas, 1994
7Shiel et al., 1995.

cucumber mosaic virus (CMV), the type member of
the genusCucumovirus(Shintaku et al., 1992).

Crosslin and Mink (1992) have demonstrated that
the molecular weight of the CPs of some isolates of
PNRSV varies by as much as 2 kDa. Thus, it is possi-
ble that both the serological and biological variability
observed in PNRSV may result from marked variation
in the CP of this virus.

In both brome mosaic virus - BMV (genusBro-
movirus) and CMV the movement protein has a cru-
cial role in host specificity (Mise et al., 1993; Li et al.,
1996).

Development of sequence data for the RNA 3 of
three isolates of PNRSV (Hammond and Crosslin,
1995; Guo et al., 1995; Śanchez-Navarro and Pállas,
1997) showed that the primary aa sequence of the
respective 3a proteins and CPs was very similar. We
have sequenced the RNA 3 of a fourth isolate of
PNRSV and have used the resulting sequence to design
primers for PCR that amplify the 3a protein gene and
the CP gene of the virus. These primers were used to
amplify both the 3a protein gene and the CP gene of
isolates of PNRSV that originate from different host

species and geographic locations in an attempt to iden-
tify variability in these regions that might be associated
with the serological (CP) and biological (CP and 3a
protein) variability reported among isolates and strains
of PNRSV.

The source and history of the virus isolates used
in this work are described in Table 1. Full-length
sequence for isolate 30/4 was developed using pre-
viously published methods (Ge and Scott, 1994; Scott
and Ge, 1995) and the sequence submitted to GenBank.
Primers which flank both the 3a protein gene and the
CP gene of this sequence were selected (see Figure 1)
and used to amplify corresponding fragments from oth-
er isolates of PNRSV. The fragments were either cloned
into thepCR IITM vector using a TA cloning kit (Invit-
rogen) or ‘polished’ and ligated into theEcoRV site
of pBluescript. Sequence fragments were joined using
GeneJockey II software(Biosoft). Comparisons of sim-
ilarity and identity between sequences were made
using the program GAP in the GCG software pack-
age (Wisconsin Package, 1994). Multiple alignments
of the sequences were produced using CLUSTAL W
(Thompson et al., 1994) and the sequences were shad-
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ed to show identical and similar amino acids using
the program BOXSHADE [BOXSHADE server, Swiss
Institute for Experimental Cancer Research,Epalinges,
Lausanne).

The complete sequence of PNRSV isolate 30/4
(GenBank accession No. U57046) is 1957 nucleotides
(nt) in length and contains two ORFs (Figure 1). The
putative translation product of the 3a ORF (movement
protein) is comprised of 284 aa with an Mr of 31,331
Da. The putative translation product of the 3b ORF
(CP) is comprised of 226 aa with an Mr of 25,284 Da.

PCR fragments of the anticipated size (�983 bp for
the 3a protein gene and� 785 bp for the CP gene) were
obtained from purified preparations of all the isolates of
PNRSV examined. As the two fragments overlapped,
they were joined and the contiguous sequences for
the isolates Mission, Prune, and SW6 were submitted
to GenBank as accessions AF013285, AF013286 and
AF013287, respectively. Multiple alignments of the
putative translation products of the fragments, togeth-
er with the published sequences for the 3a proteins and
CPs of other isolates of PNRSV and ApMV, are shown
in Figures 2 and 3, respectively.

Comparison of the putative 3a proteins of PNRSV
(Figure 2) shows extensive conservation (> 90% iden-
tity) among isolates of PNRSV irrespective of the host
species (U57046 and L38823 - peach; S78312 and
SW6 - cherry) from which the isolate originated. The
3a proteins of the PNRSV isolates shared approximate-
ly 55% identity with the 3a protein of ApMV.

The CPs (Figure 3) clearly fall into 2 distinct
groups (PNRSV and ApMV) with the major difference
between the CP of the two viruses occurring between
aa 48 and 70. Regions containing up to 7 consecutive,
identical amino acids, e.g. SSNGWIG, are present in
both PNRSV and ApMV. The CPs of PNRSV showed
> 90% identity among isolates but only 40 - 50% iden-
tity with the CP of ApMV. Calculations of the Mr of
the putative translation products of the PNRSV frag-
ments show them to vary between 24,913 and 25,315
Da.

Detailed inspection of the sequences for both CP
and 3a proteins indicate changes in amino acids at a
number of positions, however it was not possible to
associate any of these changes with either the host
or the geographic location from which the isolates of
PNRSV originated.

Here we report an additional complete sequence
for the RNA 3 of PNRSV and almost full-length
sequences for three other isolates of PNRSV. Both the
nucleotide sequence and the putative translation prod-

ucts of the 4 isolates of PNRSV differ only marginally
from those previously reported for PNRSV (Hammond
and Crosslin, 1995; Guo et al., 1995; Sánchez-Navarro
and Ṕallas, 1997).

The putative aa sequences of the CPs of isolates of
PNRSV that we have examined are highly conserved
despite the fact that the isolates originated from diverse
host species and geographic locations. This conserva-
tion is in complete contrast to the hypothesis which
initiated this work, namely: variation in the primary
aa sequence of the CP might be responsible for the
serological and biological variability associated with
PNRSV. The conservation present in these data indi-
cates that the known serological variability of PNRSV
is probably a function of protein secondary structure
and the poor immunogenic characteristics of ilarvirus-
es rather than of major differences in the aa that com-
prise the primary sequence of the CP. Moreover, it
should be noted that a computerized analysis (GCG
programs PEPTIDESTRUCTURE and PLOTSTRUC-
TURE) of the potential antigenic structures of these
CPs (data not shown) showed only minor differences
between the proteins.

However, the possibility of changes in the CP
affecting symptom expression cannot be discounted.
Neeleman et al. (1991) detected only 5 differences
between the 221 aa of the CPs of strains 425 and
YSMV of AMV. Of these it was the replacement at
position 29 of a glutamine residue with an arginine
residue which caused a marked change in symptoms
from mild chlorosis to necrotic local lesions. There are
typically more than 4 but less than 10 differences in the
amino acids among the CPs of the isolates of PNRSV
that we have examined. It was not possible to associate
any of these changes with either the original host from
which these isolates came or the geographic origin of
the isolates, e.g., U57046 and L38823 both originated
from peach trees grown in South Carolina but the latter
did not have the asparagine and arginine (NR) residues
at positions 43 and 44. Neither were we able to asso-
ciate any of the changes with information that we had
gathered concerning either the expression of symp-
toms by these isolates onCucumis sativusor the range
of host species that they would infect. However, Ham-
mond et al. (1996) have recently reported that both
serotype and symptom type of 6 isolates of PNRSV
can be distinguished based on specific nucleotides and
amino acids.

Mise et al. (1993) showed that the 3a protein con-
trols the ability of two bromoviruses to infect either
monocotyledonous or dicotyledonous hosts. Li et al.
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Figure 2. A multiple alignment of the putative translation products (movement proteins) of the 3a ORF of PNRSV (GenBank accessions
U57046, S78312, L38823, AF013285, AF013286, AF013287 and ApMV (GenBank accession U15608). Refer to Table 1 for details of the
isolates. The alignment was generated using CLUSTAL W and shaded using BOXSHADE. Identical amino acids are surrounded by black boxes
and similar amino acids are surrounded by grey boxes. Amino acids that share no similarity are unshaded.
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Figure 3. A multiple alignment of the putative translation products of the CP genes of isolates of PNRSV (GenBank accessions U57046,
S78312, L38823, AF013285, AF013286, AF013287) and ApMV (GenBank accessions U15608, S78319) from different sources. Refer to
Table 1 for details of the isolates. The alignment was generated using CLUSTAL W and shaded using BOXSHADE. Identical amino acids are
surrounded by black boxes and similar amino acids are surrounded by grey boxes. Amino acids that share no similarity are unshaded.

(1996) showed that mutations in the 3a gene of CMV
altered the host range of the virus. We were unable
to identify any specific changes in the 3a proteins that
could be associated with the host from which the isolate
of PNRSV originated.

Clearly it is impossible to arrive at a specific con-
clusion as to the role of minor variations in amino acid
sequence of the 3a proteins and the CP of PNRSV
on host specificity. Here we have examined sequences
from diverse hosts and geographic locations and the
variation may be such that only when a substan-
tial number of isolates from a single host have been
sequenced will we be able to identify the contribution
of specific amino acid changes to host specificity.

However, there are clear differences between both
the 3a proteins and CPs of PNRSV and ApMV, viruses
that have long been considered distinct but serologi-

cally related. Both viruses infect hops (Humulusspp.)
and roses (Rosaspp.) and in these hosts there has been
great confusion over distinguishing the causal agents
of some diseases e.g., rose mosaic disease. Indeed, had
PNRSV and ApMV been initially isolated from either
hops or roses rather thanPrunusandMalus, respective-
ly, then they would undoubtedly have been considered
strains of a single virus (Mink, 1992).

In earlier work we reported that the two ilarviruses
which infect citrus shared 71% similarity between their
movement proteins while their coat proteins shared
66.5% similarity (Scott and Ge, 1995) and on this basis
we suggested that they continue to be considered dis-
tinct viruses. PNRSV and ApMV share approximately
71% similarity between their 3a proteins and - 68%
similarity between their CPs and as such should be
considered to be distinct viruses. However, inspec-
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tion of the CP sequences (Figure 3) and the movement
proteins (Figure 2) shows large regions of sequence
where amino acids occur in common. The occurrence
of these regions would support the idea that PNRSV
and ApMV, even though distinct viruses, have evolved
from a common ancestor.

Moreover, the common aa sequences in the CPs and
the area of dissimilarity between the CPs of PNRSV
and ApMV at aa 59 – 64 (Figure 2), would offer an
explanation for the serological relationships reported
between these two viruses. Clearly antibodies bind-
ing to epitopes in the disimilar region would show the
viruses to be serologically unrelated while antibod-
ies binding to epitopes in the regions with conserved
aa sequences would show some degree of serological
relationship.
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