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The M RNA of peanut bud necrosis virus (PBNV;
synonym groundnut bud necrosis virus) is 4801
nucleotides in length. It comprised two ORFs in an
ambisense organization and terminal inverted
repeats. The 3’ large ORF (3363 nucleotides in the
virus-complementary strand) encoded a protein
with a predicted size of 127-2 kDa which was
identified as the glycoprotein precursor (GP) of the
G1 and G2 glycoproteins. A comparison of the
deduced amino acid sequence of GP revealed 37 %
identity and 58-59 % similarity with that of tomato
spotted wilt virus (TSWV, serogroup I) and
impatiens necrotic spot virus (INSV, serogroup lll),
and 21-23% identity and 44—-47 % similarity with
those of other members of the genus Bunyavirus.
The 5" small ORF (924 nucleotides in the virus-
sense strand) encoded a 34-2 kDa protein which
was identified as the non-structural (NSm) protein
based on 41-43% identity and 60-63 % similarity
with that of TSWV and INSV. Defective RNA
molecules derived from the genomic M RNA were
detected during continuous passage of the virus by
sap inoculations.

The members of the genus Tospovirus of the family
Bunyaviridae are transmitted by thrips in a propagative mode.
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The quasi-spherical-shaped membrane-bound virus particles of
80-110 nm in diameter contain three linear genomic RNA
species, small (S), medium (M) and large (L) RNA (Elliot, 1990).
Tospoviruses have traditionally been classified on the basis of
the antigenic properties of their nucleocapsid (N) proteins (de
Avila ef al,, 1993 ; Adam ef al,, 1993). More recently, sequence
similarity, particularly of the N gene, has been used for their
classification (de Avila ef al, 1993; de Haan ef al, 1990;
Satyanarayana ef a/., 1996; Yeh & Chang, 1995). Proteins from
members of serogroup I [tomato spotted wilt virus (TSWV)
isolates; de Haan ef al., 1990] reacted weakly with antibodies to
serogroup Il members (TSWV-B; tomato chlorotic spot virus;
groundnut ring spot virus; de Avila et al, 1993; Pang ef al,,
1993) did not react with antibodies raised against members
in serogroup III [impatiens necrotic spot virus (INSV); Law ef
al, 1991]. Recently, serogroup IV [peanut bud necrosis virus
(PBNV) and watermelon silver mottle virus] has been
recognized on the basis of lack of N protein amino acid
sequence homology with the members of serogroups [, I and
1l (Satyanarayana ef 4l., 1996; Yeh & Chang, 1995).

The S RNA of PBNV was shown to comprise 3057
nucleotides (Satyanarayana ef al, 1996). The N and NSs
proteins showed 30-34% and 22-28% sequence identity,
respectively, with the members of serogroups I, Il and III. Here
we report the complete nucleotide sequence of the genomic
M RNA segment of PBNV, its coding strategy, comparison of
amino acid sequences of GP and NSm proteins with those of
TSWYV and INSV, and occurrence of defective RNAs.

Peanut (Arachis hypogaea L.) plants exhibiting typical
symptoms of PBNV were collected from field plots at the
ICRISAT Asia Center, India. Extraction of virus RNAs from
purified nucleocapsids was done as described by Satyanarayana
et al. (1996). The total RNA of PBNV was fractionated in 1:0%
LMP agarose gel under denaturing conditions (Bailey &
Davidson, 1976). The M RNA was eluted from the gel
(Sambrook et al, 1989) and used as a template for making a
cDNA library, RT-PCR and 5" rapid amplification of cDNA
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M S R F SNV L ESFRP S NS SNEKTETLYV
AGAGCAATCGGTGCGCCAATTACTAGATAAAATCATCAAATACTAAACAAGAAATAATGTCTCGCTTTTCTAACGTTTTAGAATCTTTCCGTCCTTCAAACAGCTCAAACAAAGAGCTAG 120

P AV KKENNR RS ST LARNVS KK KDODUVDSAI MNIKAKTTLNGTE KU QYUVSS
TGCCTGCAGT TAAAAAGGAAAACAACAGAAGCATTTTGGCAAGAAATGTTTCAAAGAAAGATGT TGACAGCGCTATAATGAACAAAGCAAAAACATTAAATGGGAAACAGTATGTTTCTA 240

G DS S VL GTY SSESAVEATSDDTIILSRLVVE®QSTHLSNHWMWMKND
GTGGAGATTCCAGTGTCCTGGGCACTTACTCTAGCGAGTCAGCTGTGGAAGCCACCTCTGATGATATTTTGTCCAGGCTTGTTGT TGAGCAAAGTACTCATCTGAGTAACTGGAAAAATG 360

S L VGNGNDIKVYSFTTISIMPTUWNSNRRYMHETISRLTITIWYVPTI
ATTCACTTGTGGGCAATGGGAATGACAAAGTTAGCTTTACCATAAGCATAATGCCTACATGGAACAGCAACAGGAGGTATATGCATATATCAAGGCTTATAATCTGGGTTGTTCCAACTA 480

PDSKNNVIKASLIDPNIKMTIKETESIKTITITISRAQQASTLTIKTD®PMCTFTITFH
TCCCTGATTCAAAGAACAATGTCAAAGCCTCCTTAATTGACCCAAACAAAAT GACTAAAGAGGAGAAGATAATCATCAGCAGACAAGCCTCATTAAAGGATCCTATGTGTTTCATTTTTC 600

L NWSFPKERNTPKT® GCMOQLNTLTSDEIKTYAKTS GV SFASVMYSWYV
ATCTAAATTGGTCATTCCCAAAAGAGAGAAATACTCCAARACAATGCATGCAGCTCAATTTAACTAGTGATGAAAAATAT GCCAAAGGAGTCAGCTTTGCTTCAGTCATGTATTCATGGG 720

K NF CDTWPI1 AAENNTTCDUVVPINRAKVYVIQSAALTIEACKTLMITP
TCAAGAACTTCTGCGATACTCCTATAGCTGCCGAAAATAACACATGTGATGTAGTTCCTAT TAACAGAGCCAAGGTCATTCAATCTGCTGCTCTAATTGAAGCATGCAAATTAATGATAC 840

K 6 T GG K @1 S NAQ@TI K S L QKA AAERTLALEAENDTIDET STLDVDTIEMD
CTAAAGGAACCGGTGGGAAACAGATATCCAATCAAATTAAGAGTCTGCAGAAAGCTGCTGAAAGGCTAGCAT TAGAAGCTGAAAATGATGATGAGAGCCTAGATGTTGATATTGAGATGG 960

N L L E T *
ATAATCTTCTTGAAATATAATATTGTTTGGTTGTCTACCTTTTGTGCTTAAGTTGATTAAATGTTTGTTTATGTTTGAATACCTAAATATTGCTTAAATCTAAATCTGTGTGTGTTCTAC 1080

AAATAGACAATAAAAATAAAATTCAAGTCAAGTTCTTGTTTGTTTGCATCAATAAAAT GATAAAAGAAAAATCTGCATTTATCTATGTGTGTGTATCAGTTTATTGTAAAACAAGCAAAA 1200
CAAAAAAGAAAATAAACAAAAACAAAAACAAAACAGAAAAT GAGAAAAACCAAAATAAAAACAAATATATATAACTAAATAAGGCTTAGGCCAAGTTTGGCTTTTCAGCCTTTTTTTGGA 1320

TTTTATTCATTTTATATTGTTTTTGGGT TTTATAAAGATTTACTGTACAAATATTTGCTTAAGCATTATTAAATATCTAGAGAAAAGTCATAGCCCTTAGGAGGAGATTTCCTCTTTCTG 1440
*1 DL S FDYGKPPS KR RKTR

GTTTGGTCTATTCCTGTATAATTAGCCAAGAGGACACT TGATTCAACAGATTCTATAGCGTCTTCTAACTTTTGCCTTCTCTTGTCCACGTAATATGTTCTGGATAGTTTGAAGATGCTA 1560
T Q@D 1 6 I Y NALTWLVSSEVSETIADTETLSZEKT QRRKTDVYYTRSTLEKTFTIS

CTTACAATATATAAACCAACACAAGCAGCTACGATAACCAATATAATTCTAACTAGAT CAAAGAAGCT TCCAAAGAAGGAAGCTATCCAGTTAAAAGGTGCTTTAATCCAGTCCCATAAG 1680
S vIYLGVCAAVIVLITRVYLDTFTFSGEFTFSATIWMWNTFPAKTIWDWIL

CTAGAAATAGAAGTATCAGAGTGGTGCTTATTCTCATCGTGTGCACTTTTGTCATCAAAATGTATTATAGTATCTTGGTCAACT TGAGTAAATTCATCCACCTGTATATCTACTGTAAGC 1800
S S 1 S T D S HHKNTETDIUHASIKTDT DT FUHTI!I I TDG@DODVQTFEDVQIDVTL

TCTTCCTGGTCTTCAGGGATCAATTTCAATGATTTGTCTGTTATCTCTTCAGAACAGTAAGCTTTGATGGATTTCTCATTTGGACCTAGARATGTTCCTAATTGATCAGATTTGAATGAA 1920
EEQDE®PTIULIKTLT SEKDTTIETESTCYA AKTISI KENPGLTFTSGLQQDSKTFS

CAAGTATCCATCATCAACCTTGCTGAGAATGTAGTATCAGACGTGTAAGTTATATTGCAATCAATACCTACAGCACACTGCGAACAGCCTGAACAGATCATTTTAGCTTCTGAAATGATA 2040
CTDMMLRASTFEFTTODODSTYI 1 NCDTIGY ACQSTCGST CTIMKATES STII

GGTTTTGTTGGGATCTTTTTGAACATTTCTTTAGGCATATCAACAACCATTTTGAGCTTACCAACTAAGAAATCCTTCTCCATGTATAGCTTGTTGCTGTTCTCATCCAAATGAGACACA 2160
P X TP 1 KIKTFMEIKZPMDVVMKTLKSGVLTFODIKTEMYTILZEKNSNETDILHSYV

TCTTTTGATGGAGATAAAACATAAATTGCACTGTATGTGTAAAGTCCACATTGTTTAATATTAACTTTCTTGTCACCTACTGCACTACAGCTCCATGTAAAATCATTTTGAGATAAAGTT 2280
DK S$PSLVYTASYTYLlLGELCQ@KTINVIKTEKTDS GV ASTCSWTFDNS® GSLT

GCTGGAACAGATAAAGGAATTCCATCTATAGTGAT TTGAGGATGTCCAAATGATGACCCTGCAAAATCCCCTAAATCGGCAATGTTCCCTGTGAGAATTTTTTGTTGTTTGGTTACAGCA 2400
APV SLPTIGDTITTIQPUHGTFSSGAFDSGTLTDATINSGTLIKO Q@QQKTWVA

AATAACTTATCTGTGCTCATGTAATCATTGTGTAAATCAATTGACATGTCAAGTTGATAATAATCTGTTTGTATGGGAGATCTGTCTGAATGCTTTTTACAAGAATATCCATCTAATGAT 2520
F LKDTSMYDNIUHLODODTISMDILQYYDTOQTIPSRDSHKTEKTCSYGDTLS

TTTACACAAACT TCTGCAGTGACATGGCTTTCAACAACTTGATAGATATTAACCAAACTTGATAGATCATAAATGTTTGTACAGTGACCACATATTGAGCCTTCATTTATTGCCAGACAA 2640
K VCVEA ATV HSEVVYQYTINVLSSLODYTINTTCHGECTI SEGENTIEIALTEC

CCGAGTTCTTCACAACCCCACCAAGAGGTTGGAGT GACACAGAAATCAAGTACTCCTACTTTAGGTTTCTGTTTTATACAATCTGCACACTTACCTGTGCATGTTACTAGATAATCAGAT 2760
G L EECGMWWMWSTPTVCFDLVGVY K®PIKOQKTICDATCKTSGTTCTVLYTDS

contd. ...

Fig. 1. For legend see opposite

ends (RACE). Random-primed first- and second-strand syn- ~ Northern and Southern blots (Sambrook ef al., 1989) to confirm
thesis was performed as described by Gubler & Hoffman  the presence of inserts specific to M RNA and to select
(1983) using SuperScript Choice system (Gibco BRL). Prior to  overlapping clones.

DNA sequencing, cDNA clones were analysed by dot, The M RNA 3’ terminus was amplified by RT-PCR using
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ACTGTTGTATCAATTTTTGCAGTAGAATATTTATACCTCACATCATACTCAACACCAACACTCTTGATATATATCATAAATTCCATAGGAGAATGTGTTGCATCATCGTTAAGTAGATAG 2880

vV T T D I

K AT S Y K JYRVDYEVGV S K

1 Yy 1 Mm FEMPSHTADTDNILLY

ACTGAACCCGTGTTAGACTTAATATCCATCTCTAAAAGATATCTATATTTCCCATCTACY TCAGTGGAAAACACTAGAGATTGCCTAGGTAATAAGT TCTCAGGAGGTATGTCGTCTACC 3000

VSGTNSKTIDMEL

L YRY K GDVETSF

ViSsSaQaRPLLNEPPTIDTIDUV

TTTAGGCTTTTATAAAATTTATATTCTTTGGCAGATTCTTCTTCTAAGATCTTTGATTCAGTAGGGCTGTCCATATACCCTTCCCTCAATCTGTTAGCTATCTTTAAGCTGGTCAAGTTG 3120

KL S K Y F K YEIKA ASTETETETLTI

K S ET P SDMYGERL

R NATKULSTI LN

CCTTTGAAAGACTGCCCTTTGTACARTTTGT TGAATTTGGTATCTGGTATGTTTTTTATGGATGATAATGAAT TACAACCATTCCTGCAAGCARATAAGT TTTGAGCTTGATTGTTGLTG 3240

G K F S QGKYLKNTFKTDPINEKII

S$ S L $ NCGNWRTCA AT

L N Q@ A Q@ N N S

ACCATACACAGATCTGAACCTAAAACACAGTCATTAAGTGATGTTGCTCTAGACATCGGTACACCAGATCTGTAAACTGTCTCAGTGATTACATTTCCTATGGAGCATTCACATGTTTCA 3360

vVMCLDSGLVYCDNLSTARTSMPVGESURYVTET!II

V NGI S CETZ CTE

TATCCGTTATCTGTCATCCCGAATTTGTCTGT TGTCAAAGAATCTAAGTTTAAGTTATAATAGCACT TTTCCACACATATATTGGGTTGCTTGAGTGCAATACTAGATGGTATGTATGAA 3480

Y G NDTMGTFKTDTT

L $SDLNVLWNYYTCXTEUVC!I

NP QK L1TAISSUPIYS

ATAAGGATTGATGCTAAAATCATTTTAGTCACAAACACCAAGAAATTGGTACTCAATTTAGTATTTATGATGAACTGAAACTGTTGGATTAAAGTCAGTTTGCGCCATTCTTCTTTGTCT 3600

I L T $ A LI MKTVEFVL

F NT S L KTN

! I FQ F Q@ 1 L TLKURWETEKST?D

TTAGTAAAAAGATAGCATTCATCGGTATGATCTTTAGATGCTTTGTCTTGATTACAAACACATTTTTCTGTGCAAGAGTGAGT TARAAACGAAAAGCATCCGCAGATCCTGCATTTTAAT 3720

K T F

LYCEODTHDIKSAKDO QNTCVCKTETTCSHTILTFSTF

cC 6 C1IRTZ CKIL

GGGAAATATGGCCACAACCAGTTGAGTGTCCAGAGAATTGGATATGTCAAAATACCGATCACATCATACCAGATGCTTAAAGCATCTTTAGTTTTCCAGATAAACCATGATATGGGAAAT 3840

P FY P W L WNLTWLIPYTLI G !

vV DY W 1

S L ADKTIKUW! F WS 1T PTF

GCAACCATCAAAAACACAAAAATCCATTTGAAGTAAGAAAAGT TTGTGCAGAAGAAAATCTTTTTGGGTTCATCTGAATATTTTGAAACACAGTTTCTCACAGGTATGTCTACTTTAGCG 3960

AV M L FV F I WK F Y F N T C F F I

K K P EDSYKSVCNRVEPI

D V K A

ATCAGGCTAGATTTATCACCACAAAGTAAAAAATGATTGCCATCTAGTTCTTCAGGTTTGAAGTTTATTGTTGTGTCACCAGCAATAGATTTTATATTACCGGATTTAGAGCTTTTCACA 4080

[ LSS KD GT C L L F

K NGD L EE P K F N

I T TDGATIT S KT NGSK S S KV

TTCTTTATCAAAATTCCTATGTTTTCTTCAGACCTTAATTTGATTTGATAAGGAGATGACATAGAAACCTGGTTGATTTTGCAGTCACCAGACAACCTTACAGAAAGCCGAGCCACAGTA 4200

N K T L1 G1I1INZETET SR RTLK.!I

QY P S S MSV QNI

K CDb G S LRV SLRAVT

GGAGATTTCAAGTTCACTTTTGGGTCAATGTTGATCGGGTTGTTTGATTTGTCAACAAAGAAAAACTTAGTTCCTATTTCCAGCACTTTTTTATTCTCCAACT TTAGGACTGGAACAACT 4320

P S KLNVKPDTINTIPNNSIKTDUVTFTF

F XK T G I E

L VKKNETLIKTLVPVYV

GGAAAGCTTTTGAATTTTATCTTCTTGAACTCCTTTTCATACTGACAAATGTCAAATATATTGGCAGAGT TGCTGATGCAGGAGATTATCTCATTACCATTGTCAATCTGGTAATGGGCA 4440

P FSX F K1 KKTFEZIKTEYOQTCI!I D FI

N A S N § 1

C S 1 1 ENGNUDTIQYHA

TTAAAGTCACTCACACCTTTAATCATGCAATGCCTTTTCTCAAAGATATCACAGCTTAGT TCAGAGACAGATGATTGTGTTGTGACTTCATCATTTCTAAGAATCCGGGACAATTTCTTC 4560

N F DSV GKTIT MCUHRIEKETF!I

D Cs LESVSsSQTTVETDNT RILI

R 8§ L K K

TGTCTAGGCTCAATAATTTCAGTTATTATGTTATCCTCTTCTTCAACGAGGTCTTCTGGATCATCCACTTTGTATCTATCTTGGATCTTTCTCAACTGGACACTATTATCCACTTGATTC 4680

QR PE T I ETTII

N DEETEVLDBE®PDTDV KYRDAO QI

K R L QV S NDV QN

AAGAGGTATACTTCAGACACGAAGAAAAGCGAAACTAGACCTAGACAGTAGACAAGTAGATAGTATTTCTTCATTCTTATGAGGTATTTCAAGAATATTTAATTGTTGCACTGATTGCTC 4800

L LY VESVFF
T

L sV LGLCYVLLYYKHZKHM

4801

Fig. 1. The complete nucleotide sequence of PBNV M RNA is presented as DNA sequence in 5’ to 3’ virus-sense polarity. The
deduced amino acid sequence of the protein encoded by the virus-sense RNA is shown above the sequence. The sequence of
the protein encoded by the virus-complementary sense RNA strand is shown below the RNA sequence. Potential N-
glycosylation sites are underlined. Asterisks indicate the stop codons.

an oligonucleotide (5" AGAGCAATC) complementary to the
3’-terminal sequence of M RNA of TSWV and INSV
(Kormelink ef al., 1992; Law et al., 1992) and an oligonucleotide
(5" TCTTCTGTCTAGGCTCAATAATTTCA) identical to
positions 45564581 of the PBNV M RNA. The 5’ terminus of
PBNV M RNA was obtained by 5 RACE (Frohman et al,
1988) according to the manufacturer’s instructions (Gibco
BRL). The PCR products were gel-purified and cloned into a
pGEM-T vector (Promega).

Sequencing of cDNA and PCR clones was done with an
automated DNA sequencer (Perkin-Elmer/Applied Biosystems
model 373 A) using Tag cycle sequencing with fluorescence-
based chain termination chemistry (Perkin-Elmer/Applied
Biosystems). Electrophorograms were edited and cDNA contig

assembled with the Sequencher 2.1 program (Gene Code}.
Nucleotide and deduced amino acid sequences were assembled
and analysed using the GCG program package (Devereux et
al., 1984).

The complete sequence of the PBNV M RNA (Fig. 1) was
4801 nucleotides long and was consistent with the size
estimated from the denaturing agarose gel. It had a base
composition of 32:3% A, 32:7% U, 17:8% C and 17:2% G.
The 5" and 3’ termini of the M RNA were identical for 13 of
the first 14 nucleotides and could be folded into a stable
panhandle structure. The first nine inverted repeats were
identical to those of PBNV S RNA and the M RNAs of TSWV
and INSV.

Analysis of the sequence revealed two non-overlapping
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Table 1. Comparison of the glycoprotein precursor
peptide of PBNV with those of other bunyaviruses

Virus* INSV.  TSWV SSHV  LcV GSvV BWV
PBNV 370t 37°2 217 229 212 205
47-5% 586 465 453 435 450
INSV 647 229 22°2 22-8 21-2
792 441 440 439 439
TSWV 226 21:3 20:3 209
47-1 450 42-4 464

* The sequence data were taken from the following papers: TSWV,
Kormelink ef al. (1992); INSV, Law ef al. (1992); snowshoe hare virus
(SSHV), Eshita & Bishop (1984); La Crosse virus (LCV), Grady ef al.
(1987); Germiston virus (GSV), Pardigon ef al. (1988); Bunyamwera
virus (BMV), Lees ef al. (1986). Amino acid identity and similarity
were analysed using the BESTFIT program (gap weight 30, length
weight 0-1) of the GCG sequence analysis software package.

1 Percentage amino acid identity.

¥ Percentage amino acid similarity.

ORFs in an ambisense orientation similar to the M RNAs of
TSWV and INSV (Fig. 1). The large ORF (3363 nucleotides)
was located on the virus-complementary strand, initiating with
an AUG codon at nucleotide 4754 and terminating at an UAA
stop codon at nucleotide 1389 (numbered from the 5" end of
the virus-sense strand) (Fig. 1). This ORF could code fora 1121
amino acid polypeptide with a predicted molecular mass of
127-2 kDa. The protein was identified as the glycoprotein
precursor (GP) based on the sequence similarity to glyco-
proteins of TSWV, INSV and other members of the genus
Bunyavirus (Table 1), and the presence of hydrophobic regions.
It was concluded that the ORF encodes the precursor to the
G1 and G2 glycoproteins, which is cleaved by an unknown
mechanism. Analysis of the amino acid sequence of the
predicted translation product of the large ORF demonstrated
the presence of four potential N-glycosylation sites predicted
by the MOTIFS program. Several hydrophobic regions were
predicted by the program PEPTIDE STRUCTURE (Kyte &
Doolittle, 1982) to occur within the protein sequence at amino
acids 5-23, 295-312, 318-338, 409-434, 907-927 and
1035-1070, as expected for a precursor to the G1 and G2
glycoproteins. These hydrophobic regions may be involved in
anchoring the individual glycoproteins in the virus envelope
(Ronnholm & Pettersson, 1987). Interestingly, the cell at-
tachment site (RGD) present in the TSWV and INSV
glycoprotein precursor (Kormelink ef al, 1992; Law et al,
1992) was not observed in PBNV.

The GP protein of PBNV was 14 amino acids shorter and
11 amino acids longer than that of TSWV and INSV,
respectively (Kormelink et al, 1992; Law ef al, 1992). The
amino acid sequence of PBNV GP protein showed 37%
identity and 58—59% similarity with that of TSWV and INSV
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(Table 1). These values are in contrast to 65% identity and
79% similarity observed between GP proteins of TSWV and
INSV. The GP protein sequence of serogroup II and other
serogroup [V members is not available for comparison.
Furthermore, a search of the EMBL protein database revealed
sequence similarity to the glycoprotein precursor encoded
by the M RNA of snowshoe hare (22%), La Crosse (23 %),
Germiston (21 %) and Bunyamwera (21 %) viruses of the genus
Bunyavirus (Eshita & Bishop, 1984; Lees et al., 1986; Grady ef
al., 1987; Pardigon ef al,, 1988) (Table 1).

The small ORF was located in the virus-sense strand. It had
an AUG codon at nucleotide 57 and terminated with an UAA
stop codon at nucleotide 980, encoding a protein of 307 amino
acids with a predicted molecular mass of 34-2 kDa (Fig. 1).
It had no detectable hydrophobic region that could function
as a signal sequence or a transmembrane segment, based on
analysis by the PEPTIDE STRUCTURE program. Seven N-
glycosylation sites were predicted by the MOTIFS program in
the polypeptide. However, it is not known whether this
protein is glycosylated in vivo. The NSm protein of TSWV is
reported to be involved in tubule-guided cell-to-cell virus
translocation (Kormelink ef al., 1994). The protein was five and
four amino acids longer and showed 41-43% identity and
60—63% similarity with the NSm proteins of TSWV and
INSV, respectively. In contrast, 69% identity and 79%
similarity were observed between NSm proteins of TSWV and
INSV. Based on sequence homology, it was concluded that the
OREF present in the virus-sense strand codes for the NSm
protein.

The two M RNA ORFs were separated by a 408
nucleotides A+ U-rich intergenic region (Fig. 1). Similar
A + U-rich non-coding regions occur in PBNV S RNA and S
and M RNAs of TSWV and INSV (de Haan ef al, 1990;
Kormelink ef al.,, 1992; Law ef al., 1991, 1992; Satyanarayana
et al, 1996). The computer-generated model predicted this
region would form a stem—loop structure between positions
990 and 1368 (numbered from the 5’ end of the RNA) with a
calculated free energy of —316-0 kJ/mol (Zucker & Stiegler,
1981). This is comparable to the intergenic regions of TSWV
and INSV M RNAs, which have a calculated free energy of
—452-8 kJ/mol and —339-8 k] /mol, respectively (Kormelink
ef al, 1992; Law ef al, 1992). To detect defective RNAs in
PBNV, field-collected PBNV was serially passaged for six
generations in peanut plants by mechanical inoculation as
described by Reddy et al. (1992). Virus RNAs were isolated
from purified nucleocapsids (Satyanarayana et al., 1996) and
analysed by electrophoresis under denaturing conditions
(Bailey & Davidson, 1976). After transfer to nylon membranes,
the RNA segments were hybridized to *?P-labelled DNA
probes corresponding to the GP and NSm genes of M RNA,
the N gene of S RNA (Satyanarayana ef al,, 1996) and the 3’
half of the RNA polymerase gene of PBNV L RNA (S. Gowda,
T. Satyanarayana, D. Reddy & W. Dawson, unpublished
results).



Fig. 2. Northern blot analysis of PBNV M RNA purified from nucleocapsids
using double-stranded cDNA probes specific to the nucieocapsid (lane 1),
glycoprotein precursor (lane 2), non-structural gene of M RNA (lane 3)
and 3’ half of the RNA polymerase (lane 4) genes of PBNV. The positions
of the defective RNAs are marked with arrow heads.

The ?*P-labelled GP and NSm probes hybridized with the
M RNA and RNA species of 3350, 2600 and 2100, and 2600
and 1400 nucleotides, respectively, in plants in which PBNV
was serially passaged for six generations (Fig. 2). These were
presumed to be defective RNA molecules originating from the
M RNA. The L RNA-specific probe detected the L RNA and a
4000 nucleotide truncated L RNA species (Fig. 2). In contrast,
the N gene probe detected the S RNA but no smaller RNA
molecules. This clearly showed the presence of large molecules
of defective M RNAs in PBNV that had been serially passaged
for six or more transfers. Mechanically transferred TSWV-BR
01 isolate contained the truncated L RNA species of different
sizes in addition to the full-length L RNA (Resende ¢f al., 1991).
However, no major abnormalities were detected with S and
M RNA-specific probes in the genome of this isolate. Point
mutations or very small deletions have been reported to occur
in the M RNA from mechanically passaged TSWV in tobacco
(Resende et al., 1991).

In conclusion, the observed low sequence identity (37%)
between the GP proteins of PBNV and TSWV and INSV,
together with the differences in the serology and amino acid
sequences of the N protein between PBNV and tospoviruses in
serogroups L, Il and III (Reddy et al.,, 1992; Satyanarayana ¢f al.,
1996) support the inclusion of PBNV in serogroup IV, albeit
as a distinct member. Although we presume close relationships
among the glycoprotein precursor and NSm proteins of
tospoviruses in serogroup IV, this will become apparent only
when the M RNA sequence of other members is available.
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