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SHORT COMMUNICATION

Completion of the impatiens necrotic spot virus genome
sequence and genetic comparison of the L proteins within the

family Bunyaviridae

Frank van Poelwijk,t Marcel Prins and Rob Goldbach

Department of Virology, Agricultural University Wageningen, Binnenhaven 11, 6709 PD Wageningen, The Netherlands

The nucleotide sequence of the large (L) genome
segment of impatiens necrotic spot virus (INSV) has
been determined, and herewith the complete
nucleotide sequence ofthe whole, tripartite genome
of this important tospovirus has been elucidated.
The L RNA is 8776 nucleotides long and of negative
polarity, containing one large ORF on the viral
complementary strand. Comparison of the deduced
amino acid sequence of the INSV L RNA primary
translation product (330-3 kDa) with those of the L
RNAs of other members of the family Bunyaviridae
reveals that this protein represents the putative
viral RNA-dependent RNA polymerase. A cluster
dendrogram of the (putative) RNA polymerases
indicates that the genera Tospovirus and Tenuivirus,
though both encompassing ambisense plant-
infecting viruses, have different affinities to the
animal-infecting Bunyaviridae, tospoviruses being
most closely related to the genus Bunyavirus, and
tenuiviruses to the genus Phlebovirus.

Most members of the family Bunyaviridae, a large family of
enveloped, arthropod borne RNA viruses (Elliott, 1990;
Murphy ef al., 1995), infect animals, but some are able to infect
plants. These latter bunyaviruses are classified into a separate
genus, Tospovirus, named after the type species tomato spotted
wilt virus (TSWV). Tospoviruses are exclusively transmitted
by thrips in a propagative manner (Wijkamp ef al, 1993;
Ullman ef al.,, 1993). Owing to the recent worldwide spread of
one of the most efficient vectors, the western flower thrips
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(Franklinellia occidentalis Pergande), not only TSWV but also a
second tospovirus, impatiens necrotic spot virus (INSV), has
recently emerged (Goldbach & Peters, 1994) and is gaining in
economic impact. INSV has become a serious threat for the
cultivation of ornamental plants both in Northern America and
in Europe (Law & Moyer, 1990; DeAngelis ef al., 1994; Vaira
et al., 1993). Thus far, molecular studies have mainly focussed
on TSWV, whereas information on INSV is limited. Both the
small (S) and the middle (M) segments of the tripartite RNA
genome of INSV have been sequenced (de Haan ef al., 1992;
Law et al., 1992), but molecular data on the largest (L) genomic
segment are lacking. Here we report the nucleotide sequence of
the INSV L RNA, thereby providing the sequence of the
complete genome of this tospovirus.

Nucleocapsid preparations were purified from systemically
infected Nicotiana benthamiana and RNA was extracted as
previously described (de Haan et al, 1989). Reverse tran-
scription was carried out at 37 °C with viral (v) or viral-
complementary (vc) specific primers and Moloney murine
leukaemia virus reverse transcriptase (M-MLV, Gibco BRL).
Primer pairs were added to the first strand reaction for both v
and vc sense followed by amplification using Taq polymerase
(Supertaq, SphaeroQ). Sequence information for the PCR
primers was initially obtained from a number of cDNA clones
that were obtained by random priming of nucleocapsid RNA.
Seven fragments of 421, 593, 1609, 564, 1702, 2071 and 200
nucleotides (nt), respectively, were amplified and cloned into a
pGEM-T vector (Promega). The first nine terminal nucleotides
of all tospovirus genome segments sequenced to date are
conserved (VRNA: 3" UCUCGUUAG 5’). This feature allowed
us to design a primer that could be used to amplify fragments
from both the 5" and 3" ends. The cloned PCR fragments were
selected by their size, subjected to dideoxynucleotide
sequencing and run on an automatic (ABI 373A) DNA
sequencing system.

The complete nucleotide sequence of the L RNA has been
determined from either cDNA- or PCR-derived clones. Both
strands were sequenced and the sequence is available from the
EMBL, GenBank and DDBJ databases under the accession
number X93218. The INSV L segment is 8776 nt long and has
37% A, 30% U, 14% C and 19% G content. The segment
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MOTIF A
INSV KSKLAFLSADQSKWS
TSWV KSRLAFLSADQSKWS
La Crosse KGLKMEINADMSKWS
Bunyamwera KALKLEINADMSKWS
RVFV PVWTCATSDDARKWN
Toscana SVWTCATSDDARKWN
Uukuniemi HHETVATSDDAAKWN
Hantaan KRKLMYVSADATRKWS
Seoul 80-39 KRKLMYVSADATRKWS
Puumala KRKLMYVSADATKWS

MOTIF C

INSV IVHSDDNATSLI
TSWV IVHSDDNATSLI
La Crosse LVHSDDNQTSIT
Bunyamwera MVHSDDNQTSLA
RVFV MQGSDDSSMLIS
Toscana MQGSDDSSMIIS
Uukuniemi LQSSDDSGMMIS
Hantaan AHHSDDALFIYG
Seoul 80-39 AHHSDDALFIYG
Puumala AHHSDDALFIYG

MOTIF B

STNSYPVSMNWLQGNLNYLSSVYH
TTNTYPVSMNWLQGNLNYLSSVYH
AQ.DVFYKYNWLQGNFNYTSSYVH
AQ.DVFYKYNWLQGNFNYISSYVH
.QGHFVTKFGMMQGILHYTSSLLH
.QGHYVTKFGMMQGILHFTSSLLH
.QCHHVTKFGMMQGILHYTSSLLH
P.GDNSAKFNWLQGNLNKCSSLFG
P . GDNSAKFNWLQGNLNKCSSLFG
P . GDNSAKFNWLQGNLNKCSSLFG

MOTIF D MOTIF E
SHFKSFCITLNPKKSYAS SSEV.EFIS
AHFKSFCITLNPKKSYAS SSEV.EFIS
LTFGC.QA. .NMKKTYVT NCIK.EFVS
LTFGC.QA. .NMKKTYIT HTCK.EFVS
KELGVYLAIYPSEKSTAN TDFVMEYNS
KSLGTYIGIYPSEKSTPN TDFVMEYNS
KVIGKYLGIYSSVKSTNN TLHLLEFNS
LLLGSIKI. .SPKKTTVS PTNA.EFLS
LLLGSIKI..SPKKTTLS PTNA.EFLS
LLMGSIKI. .SPKKTTVS PTNA.EFLS

Fig. 1. Amino acid identity between Bunyaviridae L proteins. Conserved amino acids were identified using the UN-GAP and
PILEUP options of the GCG package from the University of Wisconsin. Conserved residues are in bold (see Fig. 3 for

references).

| 01111 ]
ABcoE 331.5 kDa

| 1111 ]
aBcOE 330.3 kDa

BRO1 KISELDEVVETDEDNFLLSYLRGEEDAFDEDELDEEEDTD *

NL-07 KIKELDDGDSSDSIEILLKYLNEAN®*
US-01 KIKELDDSDSSD SIEVLLKYLNEAN®

TSWV L

INSV L

Fig. 2. Comparison of the L ORFs of
TSWV (BR-01), INSV (NL-07) and INSV
(US-01). Polymerase motifs (A-E) are
depicted as bars.

contains one large ORF in the vc strand, starting with an AUG
codon at position 8744 (numbered from the 5 end of the viral
RNA) and extends to an UAA stop codon at position 139. This
results in a primary translation product of 2865 amino acids
with a predicted molecular mass of 330-3 kDa. It contains the
sequence motifs which are diagnostic for RNA-dependent
RNA polymerases of all negative-stranded RNA viruses (Poch
et al, 1989) (Fig. 1).

The 5" and 3" ends of INSV L RNA are complementary and
can be folded into a panhandle structure, a typical feature of all
segmented negative-stranded viruses, which is thought to play
a role in transcription/replication. Interestingly, the L RNA
sequence of INSV is 124 nt shorter than that of TSWV,
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resulting in an ORF which is 10 amino acids shorter and
lacking the acidic tail (Fig. 2). The significance of this extremely
acidic C terminus (five glutamic acid and five aspartic acid
residues out of 15, see Fig. 2) in the TSWV L protein (the
presence of which was reconfirmed from independent clones),
and its absence in that of INSV is not clear yet. It is, however,
very likely that the exposure and folding of the two tospoviral
polymerases will be rather dissimilar in this region. The acidic
tail might be involved in interactions with the (basic)
nucleocapsid protein, although the lacking acidic residues do
not seem to have an effect on in vitro transcription/replication
activity (unpublished results). Furthermore, the 5" non-
translated region of INSV L RNA (v strand) is 140 nt long



whereas for TSWYV this region comprises 242 nt (a duplication
of the AUUU sequence at position 55 was found in the TSWV
L sequence). The INSV L sequence was verified by cloning and
sequencing several PCR fragments in this region derived from
independent amplification experiments. Primer extension
analysis of nucleocapsid RNA confirmed that the L RNA of
INSV is indeed shorter (data not shown). Sequence analysis of
US-01, an American isolate of INSV (Law & Moyer, 1990)
revealed the same sequence in this region, including the
shortened ORF (Fig. 2) and 5" end (data not shown).

Comparison of the INSV L segment with that of TSWV
revealed 68:9% identity in the nucleotide sequence, whereas at
the amino acid level 69-5 % identity and 836 % similarity were
found using the GAP function of the UW—GCG package. The
alignment of TSWV and INSV L proteins revealed a frameshift
in the L ORF of TSWV. Upon resequencing of the original
TSWYV clone 806 (de Haan et al, 1991), an insertion of a U
residue at position 4206 and a deletion of a U residue at
position 4129 were found. After restoring these errors the
reading frame showed 100% identity in this region. Analysis
of all three RNA segments of INSV and TSWV in a dot plot
revealed that the L RNA is the most conserved RNA segment,
whereas the S RNA is least conserved.

Classification of tospoviruses has been based on serological
differences of the S RNA-encoded nucleocapsid protein. The L
sequence reported here is determined from a Dutch isolate
(NL-07) obtained from infected Impatiens, from which the S
RNA has also been described (de Haan ef al., 1992). The M
RNA sequence, however, has been determined from an
American isolate (US-01; Law ef al., 1992). Parts of the M RNA
of NL-07 have been amplified by PCR, cloned and sequenced
(results not shown). Out of more than 700 nt sequenced, only
four nucleotide changes with the US-01 M RNA sequence
were found and these changes did not lead to differences on
the amino acid level. This result indicates that the isolates
NL-07 and US-01 are almost completely identical.

Comparison of the L proteins of tospoviruses INSV and
TSWV with those of animal-infecting members of the
Bunyaviridae indicates that tospoviruses are most closely
related to the genus Bunyavirus (Fig. 3). This is an interesting
observation as tospoviruses have an ambisense S RNA, a
feature they only share with members of the genus Phlebovirus.
This may suggest that the generation of an ambisense genome
segment is a relatively late event during bunyaviral evolution.
The evidence that TSWV has been adapted to plant hosts by
inclusion of the NS,; gene, in an ambisense arrangement within
the M RNA segment, supports this hypothesis (Kormelink ef
al., 1994; Storms et al., 1995). Comparison of the bunyaviral L
proteins with that of rice stripe virus (Toriyama ef al., 1994),
belonging to the floating genus Tenuivirus (Murphy et al,
1995), indicates that tenuiviruses are most closely related to
the genus Phlebovirus (Fig. 3) and are only distantly related to
the tospoviruses. Hence, it seems that these two genera of
ambisense plant-infecting viruses have descended from the

INSV L RNA sequence comparison

RVFV
TSCV Phlebovirus
UUKV
L RSV Tenuivirus
HTNV
SEOV Hantavirus
PUUV
= INSV
Tospovirus
= TSWV
— BUNV
Bunyavirus
—LACV

Fig. 3. Phylogenetic dendrogram of bunyaviral L proteins. PILEUP and
GROWTREE options of the UW-GCG package were used to construct the
phylogenetic tree. RVFV, Rift Valley fever virus; TSCV, Toscana virus;
UUKYV, Uukuniemi virus; RSV, rice stripe virus; HTNV, Hantaan virus;
SEOV, Seoul-89 virus; PUUV, Puumala virus; INSV, impatiens necrotic spot
virus; TSWV, tomato spotted wilt virus; BUNV, Bunyamwera virus; LACV,
La Crosse virus. Sequence data were obtained from Elliott (1989);
Schmaljohn (1990); Antic et al. (1991); Stohwasser et al. (1991);
Miller et al. (1991); Elliott et al. (1992); Accardi et al. (1993); Toriyama
et al. (1994) and Roberts et al. (1995). The most parsimonious tree of
9191 steps was obtained with the Branch & Bound option giving a
consistency index of 0-95 and a retention index of 0-88. The rescaled
consistency index was 0-84.

animal-infecting Bunyaviridae by two independent evolution-
ary pathways. This observation, together with the fact that
tenuiviruses have four and sometimes even five genomic
segments, indicates that tenui- and tospoviruses, though both
representing ambisense plant-infecting RNA viruses, are not to
be placed easily in a single virus family.
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