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Abstract

Two virus isolates from water samples – one from a small stream in South Western Germany and another one from
the Havel river in North Eastern Germany c. 500 km away, proved to be strains, named S and H, respectively, of a
new Tombusvirus for which the name Havel river virus (HaRV) had been suggested previously in a brief account.
Immunoelectron microscopical decoration tests and sequence comparisons of the coat proteins indicated that the two
HaRV strains are only distantly related to known Tombusviruses. The closest relationships were found to Cucumber
necrosis virus. Nothing is known about their natural hosts. Because the S strain of HaRV was isolated in a woody
area from a small stream close to its origin, they may be pathogens of trees or wild plants in such habitats.

Introduction

Various Tombusviruses have previously been iso-
lated from surface waters. For some of them,
e.g. Tomato bushy stunt virus (TBSV) (Tomlinson
and Faithfull, 1984; Koenig and Lesemann, 1985),
Carnation Italian ringspot virus (CIRV) (Büttner et al.,
1987; Pfeilstetter, 1992), Petunia asteroid mosaic virus
(PetAMV) (Pfeilstetter, 1992), Cymbidium ringspot
virus (CymRSV) (Pfeilstetter, 1992) and Grapevine
Algerian latent virus (GALV) (Li et al., 1992) natural
hosts are known, whereas for others, e.g. the Neckar
river virus (NRV) (Koenig and Lesemann, 1985), the
Lato river virus (LRV) (Gallitelli et al., 1989) and the
Sikte waterborne virus (SWBV) (Li et al., 1992) they
have not yet been identified. In the present paper, we
have studied two of such virus isolates in more detail.
One was obtained in 1990 in Eastern Germany from the
Havel river shortly before it flows into the Elbe river
(Proll et al., 1991), the other one in 1991 about 500 km
away in a woody area in South Western Germany

(Upper Frankonia) from a small stream (St. Moritz
stream) close to its origin (Pfeilstetter, 1992). Their
morphological properties and a weak reactivity with
an antiserum to Cucumber necrosis virus (CuNV) sug-
gested that they might be Tombusviruses. This was
confirmed by means of sequence analyses which indi-
cated that the two virus isolates represent strains of
a new Tombusvirus for which the name Havel river
virus (HaRV) had previously been suggested in a brief
account (Proll et al., 1991). The Havel river isolate will
be designated as strain H and the St. Moritz stream
isolate as strain S of HaRV.

Materials and methods

Viruses were sedimented from c. 500 ml water samples
by high-speed centrifugation for 2 h at 100 000×g. The
pellets obtained were resuspended in 0.03 M phosphate
buffer pH 7.0 and the suspensions were rubbed on
leaves of Chenopodium quinoa. Local lesions which
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developed were ground up in the same phosphate
buffer and the homogenates were rubbed on leaves of
Nicotiana clevelandii which became infected system-
ically. The viruses were maintained on this host for
further studies. The H strain was purified and an anti-
serum was produced as described previously for other
Tombusviruses (Koenig and Lesemann, 1985).

Virus particles were visualized by negative stain-
ing with 1% aqueous uranyl acetate. For assessing
their serological reactivity, adsorbed particles were
decorated with antisera diluted 1 : 50 (Milne, 1984).
Decoration titers were determined with two-fold serial
dilutions of antisera starting at a dilution of 1 : 2.

Total RNA was extracted from infected
N. benthamiana leaves by means of the Qiagen
RNeasy Plant Mini Kit (Cat. No. 74904). cDNA
was obtained by means of reverse transcription
using the primer Cir2 (5′-ggtttattgacttgttcgtattcag-3′)
which is complementary to nucleotides 3847–3870
of CIRV RNA (accession no. X85215) downstream
of the coat protein gene (Figure 1). PCRs were
done using the primer pair Cir2/Cir1. The latter
primer (5′-gactccgccgtagcttgacc-3′) corresponds to
nucleotides 2616–2635 of CIRV RNA upstream of
the CIRV coat protein gene (Figure 1). The regions
on the CIRV RNA from which Cir2 and Cir1 were
derived are highly conserved also in the RNAs of
other Tombusviruses. Amplification of open reading
frames (ORFs) 3 and 4 downstream of the coat protein
gene of the S strain of HaRV was achieved by using
the primer Cu2 for cDNA synthesis. This primer is
complementary to the sequence of the 22 3′-terminal
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Figure 1. Organization of the 3′-part of a Tombusvirus genome
(CIRV) showing the coding regions for the C-terminal part of
the replication-associated proteins (Rep), the coat protein, the
movement protein and the ORF4 gene protein as well as the posi-
tions and orientations of the primers Cir1, Cir2, Cu1 and StMo1.
Cir1 and Cir2 are derived from the CIRV sequence, Cu1 from
the CuNV sequence and StMo1 from the HaRV-S sequence. The
sequences of these pimers except for that of StMo1 are highly
conserved also in other Tombusviruses.

nucleotides of CuNV RNA (accession no. M25270)
which is highly conserved also in the genomic RNAs
of other Tombusviruses. Polymerase chain reactions
(PCRs) were done using the primers Cu2 and StMo1
(5′-aaatattcgtcgccaagg-3′). The latter corresponds
to nucleotides 1112–1129 of the newly determined
coat protein gene-containing sequence of the S strain
of HaRV. PCR products were purified using the
Jetsorb Gel Extraction Kit (Genomed), cloned into
the pGEM-T vector (Promega) and sequenced by
a commercial company (MWG-Biotech, D85560
Ebersberg/Germany). Sequences were analysed by
means of the LINEUP/PILEUP programs of the
UWGCG software version 8 (Devereux et al., 1984).
The program DNAMAN (Lynnon Bio/Soft) was used
for determining the percentages of identity between
the deduced amino acid sequences for the coat pro-
teins, the movement proteins and the ORF4 gene
products and to generate ‘homology trees’ based on
the UPGMA method of Sneath and Sokal (1973). The
accession numbers for the 2088 nucleotide sequence
of the S strain and the 1200 nucleotide sequence of
the H strain of HaRV are AY370535 and AY370534,
respectively.

Results and discussion

The resuspended sediments obtained after high-speed
centrifugation of the water samples from the Havel river
and from the small St. Moritz stream (see Introduction
and Materials and methods sections) produced one
local lesion each on the leaves of Ch. quinoa. From this
host, the viruses were further transmitted mechanically
to N. clevelandii which became infected systemically.
Its leaves contained large amounts of isometric parti-
cles with a diameter of 28–30 nm showing a distinctly
‘knobby’ surface fine structure.

Sap from N. clevelandii infected with the Havel river
isolate served as a source of inoculum for mechanical
transmission studies to a total of 25 different test plants.
Local lesions which were often small and necrotic
were produced on Beta vulgaris cv. Ponemo, Capsicum
annuum, Ch. capitatum, Ch. foetidum, Ch. foliosum,
Ch. murale, Ch. quinoa, Celosia argentea, Cucumis
sativus cv. Eva, Datura stramonium, Gomphrena
globosa, Lycopersicon esculentum cv. Harzfeuer,
N. benthamiana, N. clevelandii, N. glutinosa,
N. megalosiphon, N. occidentalis, N. tabacum
cv. Samsun, Petunia hybrida, Phaseolus vulgaris,
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Figure 2. ‘Homology’ trees showing the percentages of amino acid sequence identities for the coat proteins (A), the movement proteins (B)
and the ORF4 gene products (C) of the Havel river virus (HaRV – strains H and S) and other Tombusviruses, i.e. AMCV – Artichoke
mottled crinkle virus (X62493), CBV – Cucumber Bulgarian virus (NC 004725), CIRV – Carnation Italian Ringspot virus (X85215),
CuNV – Cucumber necrosis virus (M25270), CymRSV – Cymbidium ringspot virus (X155112), GALV – Grapevine Algerian latent
virus (AF540885), MPV – Moroccan pepper virus (AF540885), PetAMV – Petunia asteroid mosaic virus (M21958 – this isolate has
been designated as Cherry strain of Tomato bushy stunt virus – TBSV, but Hollings and Stone, 1975, found that it was serologically
different from the type strain of TBSV, but undistinguishable from PetAMV), PLCV – Pelargonium leaf curl virus (AF290026), PLV –
pear latent virus (AY100482) and TBSV BS3 (AJ249740 – statice isolate) (accession numbers in parentheses). The values given at the
nodes represent average percentages of identity between the viruses shown on each side of the branches and NOT boot strap values. The
scale at the bottom represents percentages of identity.

Vicia faba cv. Tinova. Systemic infections where
observed in N. clevelandii, N. benthamiana,
N. megalosiphon, C. annuum and occasionally in
Ch. quinoa, N. tabacum ‘Samsun’ and P. vulgaris.

The virus isolate from the Havel river was purified
from N. clevelandii and used for the production of an
antiserum which in the immunoelectron microscopical
decoration test reacted equally well with both water
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virus isolates up to a dilution of 1 : 10 000. The reactiv-
ity of the two isolates was also checked in this test with
antisera to 36 other isometric viruses, mainly belong-
ing to the Tombusvirus and Carmovirus genera which
have particles with a surface fine structure similar to
that of the two water virus isolates. The only antiserum
which decorated the particles of these two isolates was
one to CuNV. This decoration, however, was only rather
weak and was observed only up to a dilution of c. 1 : 50,
whereas with its homologous virus the CuNV anti-
serum reacted up to a dilution of 1 : 10 000. This indi-
cates that the two closely related water virus isolates
are only rather distantly related serologically to CuNV.
Antisera to other Tombusviruses, i.e. Artichoke mottled
crinkle virus (AMCV), CIRV, CymRSV, Eggplant
mottled crinkle virus, GALV, LRV, Moroccan pepper
virus, NRV, PetAMV, Pelargonium leaf curl virus
(PLCV), SWBV, the BS3 strain of TBSV and to viruses
in other genera, especially in the Carmoviruses, failed
to decorate the particles.

Most of the gene products of Tombusviruses show a
high degree of sequence identity and are therefore not
well suited for the differentiation of isolates (Hearne
et al., 1990; Rochon et al., 1991; Rubino et al., 1995).
The highest degree of sequence diversity is found in
the coat proteins, especially in the internally located
R domains and the protruding P domains (Tavazza
et al., 1989; Hearne et al., 1990). The coat protein genes
of the two water virus isolates were readily ampli-
fied using the primers Cir1 and Cir2 which are derived
from areas in the CIRV genome which are highly con-
served also in the RNAs of other Tombusviruses (see
Materials and methods section). High percentages of
sequence identity were found between the coat pro-
tein genes (94.7%) and even more so between the
deduced coat protein amino acid sequences (98.2%;
Figure 2A: HaRV-H and HaRV-S) of the two water
virus isolates. Most of the 61 nucleotide exchanges
in their coat protein genes were silent; thus, only
seven exchanges were found in the deduced amino
acid sequences. Four of these exchanges occurred
in the internally located R domain and only one
in the protruding P domain which presumably is
mainly responsible for the serological properties of
Tombusviruses.

The coat protein amino acid sequences of these two
closely related water virus isolates proved to be rather
different from those of the other Tombusviruses for
which sequence data are available (Figure 2A), espe-
cially in the R and P domains (results not shown).

The closest coat protein relationship of the two HaRV
strains was found with CuNV. However, with only
∼70% amino acid sequence identity this relationship
is more distant than the relationships between the coat
proteins of PetAMV, AMCV, PLCV and the statice iso-
late of the BS3 strain of TBSV (Figure 2A) which are
regarded to represent distinct virus species (Lommel
et al., 2000).

From the molecular comparisons presented in
Figure 2A and the serological observations described
above it is concluded that the two water isolates should
be regarded as strains of a distinct new Tombusvirus.
In a preliminary report, the name HaRV had been pro-
posed for the Havel river isolate by Proll et al. (1991).
We propose to designate this isolate as H strain and
the St. Moritz stream isolate as S strain of HaRV,
respectively.

For the S strain of HaRV, we have amplified also the
region downstream of the coat protein gene which con-
tains ORF3 and ORF4 present in the genomes of all
Tombusviruses (Figure 1) (Lommel et al., 2000). ORF3
codes for a 21–22 kDa movement protein. ORF4 which
is totally included in ORF3 codes for a 19–20 kDa
protein which acts as a suppressor of the RNA-
mediated defence mechanisms in plants (Voinnet et al.,
1999). Because of the high percentages of amino acid
sequence identities, especially in the movement pro-
teins (Figure 2B), small changes in the amino acid
sequences may have a strong influence on the cluster-
ing of the viruses. This may, at least in part, explain why
the grouping of the viruses in Figure 2B (movement
proteins) and Figure 2C (ORF4 proteins) differs from
that shown in Figure 2A (coat proteins). Nevertheless,
also the percentages of sequence identities between the
movement proteins and the ORF4 proteins suggest that
the relationships of HaRV to CuNV are closer than to
most other Tombusviruses.

So far we know nothing about the natural hosts of
the two HaRV strains. Because the S strain was isolated
in a woody area from a small stream close to its origin,
they may be pathogens of trees or wild plants in such
habitats.
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an Süßkirschen Oberfrankens: Vorkommen, Ausbreitung und
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