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Nodamura virus (NOV), Flock House virus (FHV) and Boolarra virus
(BOV) are members of the family of insect virus called
Nodaviridae. They are serologically distinct from each other. NOV
was originally isolated from mosquitoes in Nodamura, Japan. The
natural hosts for FHV and BOV were separate species of grass grubs
from New Zealand and Australia respectively. All nodaviruses
infect and grow well in wax moth larvae. FHV and BOV are routinely
propagated and grown in cultured Drosophila melanogaster cells.
NOV does not infect Drosophila cells. It is unique among the
Nodaviridae in its ability to cause fatal infection in vertebrates
(suckling mice, ref 1).

The genomes of Nodaviruses consist of two single stranded
messenger sense RNAs contained in a single virion. RNAl codes for
the replicase function and RNA2 codes for the precursor for the
capsid protein. Both RNAs have a 5'-terminal cap m7GpppGp and a
blocking moiety, presumably a protein at their 3'-termini (2). We
report here the complete nucleotide sequence of NOV, FHV and BOV
RNA 2's derived from virion RNA's and their full length or near
full length cDNA clones. Oligonucleotides used as primers at the
3'-end for the synthesis of single stranded cDNAs were designed
from the known sequence of Black Beetle Virus (BBV) RNA2 (2)
assuming a homology between these viruses. Transcripts derived
from cloned FHV cDNA were infectous to cultured Drosophila cells
(3). Sequences of the cloned cDNAs were determined from the
fragments produced by restriction digestions and also after making
nested deletions using exonuclease III, by means of the dideoxy
chain termination method. 95 bases at the 3'end of NOV RNA2 and
60 bases at the 3'end of BOV RNA2 were also determined by direct
enzymatic RNA sequencing of 32P-labelled fragments produced by
limited ribonuclease T1 digestion of virion RNA2. The initiator
AUG codons for all these RNAs (underlined in Fig. 1) are very
close to the 5'-termini. NOV, FHV and BOV code for 399, 407 and
403 amino acids respectively. NOV RNA2 has a direct repeat of 21
nucleotides (b 1235-1255 and b 1262-1282) near the 3'-end.
Comparison of these sequences and also the published sequence of
Black Beetle Virus RNA2 (2) shows that FHV and BBV are very
closely related to each other (80% homology) whereas BOV and NOV
are somewhat distantly related to BBV (50% homology) .

N 1 GUAAACAACCAAUAACAUCA UGGUAUCCAAAGCAGCACGC CGCCGAAGAGCGGCCCCUCG ACAACAACAACGACAACAGU
0 81 CGAACCGUGCAUCAAACCAG CCUCGUCGGAGGAGAGCUCG CCGUACUCGAAGACAGCAGA GAAUGGCAGCAACAAACAAC
V 161 AUGCUGAAAAUGAGCGCUCC CGGACUCGAUUUUCUGAAAU GUGCCUUUGCUUCGCCGGAU UUUUCCACCGAUCCCGGCAA

241 AGGUAUUCCAGACAAAUUUC AGGGUCUCGUUUUACCGAAG AAACAUUGUCUGACCCAGUC GAUAACGUUUACUCCGGGGA
R 321 AACAGACGAUGCUGUUGGUU GCACCUAUUCCUGGAAUUGC UUGCCUGAAGGCAGAAGCGA AUGUUGGCGCAUCCUUUUCA
¥ 401 GGUGUUCCUCUUGCCUCAGU UGAAUUUCCAGGGUUCGACC AGCUGUUUGGCACGUCAGCA ACUGACACCGCAGCUAAUGU
A 481 CACUGCUUUCCGGUAUGCGU CAAUGGCAGCCGGUGUUUAC CCCACGAGCAAUCUAAUGCA AUUUGCUGGGUCAAUACAGG
2 561 UGUACAAGAUACCUCUAAAA CAGGUUCUUAACUCCUACUC UCAGACCGUAGCGACCGUAC CACCUACCAACUUGGCUCAG

641 AACACAAUUGCAAUAGAUGG ACUAGAAGCGUUAGAUGCAC UACCAAAUAACAACUACUCC GGUUCUUUUAUCGAGGGUUG
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Figure. 1
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UUAUUCACAAUCGGUGUGCA
ACGUAACCAAUGCUCAAGCU
GCAAUUGCGAUCCUUGUGAC
UCCGAAUCCAAAUDUCCACCC
AAAUUGCCAGAGAUADUCCG
UCUGGGCUCAACUUUGCUUC
UGGUUCCUUGUGGGUUUGAU
CCCCAAGCUCGCAGCACCGA
GUAAACAAUUCCAAGUUCCA
CCCAAACAGCGCCUGUUCCA
CGUGUGCGCGGAAUGAACAU
ACCUGACUUCAACACCGACC
AUCAAUCUAUCAGCUUUACU
AGCGUUCCUGCUGGUACUUU
AACAACUUCAACAUCUAGGU
ACUUGAUGCAGUUUGCCGGA
GAUCCAGCCACCAGUUCGCU
GUCAUUCAUCAAAGGAGUGU
AGACAUUGCCACCUGCUAAU
GGAGUAGUCGGAUGGGGCAA
CAAGGCAUGGUCCUGCAUUG
AUGAGGUCGCGCUUCAGGAA
UGGGAGAGAGUGAAAUCCAU
UGGUAUUAGUGGACUGUCAG
CCGAACAAUCGGACAUUUGG
AAUUUAUAUUCCAAACCAGU
GAAUUCAACAAUGACGCCAC
CCCGUUCUAGACGCCCACGU
UCADUUUUGAAAUGUGCGUU
AGUACUCUCUCAGAAGAAUG
UCAUAGOUCUACCAACACCA
ACAACGACGGAUGUGUUUAC
UCAAGUUGCCGCCUUUAGGU
UCAGUGUUUGGAAGGGGGCU
CACGCUAUCACUGGUCUCGA
CCAAUCCAUUAACGGCAACG
CCGUUGCCCAAGCCGGUAUG
GAUGCUAUAUUUAUAAAAGU
CCGCCCAAACACUAACACUG
GGAAAGUUUACAAAUCUCUA
AAAGCCGGUUUGGUCGCCGC
GAUUGCAGAGCUGUCCUUUY
CAACUAUUUAGUCAACAGAC

AUGAACCUGAGUUUGAGUUC
AGCAUGUUCACCAAUCUAAC
TACGCCCACCGGUGCCGUCA
UCUAUGAGUUCGCUCGUGAG
AUUGCCGUCGCUUGCAAAGA
GACCAUACCUGGCCCCGUAG
TUCCACCCACAGAAGCGUUGA
CCCUAUACCCAUCUCUAGGG

UCCUACUAGUGCGACUACGU
CCGAUCAGGUGUCCUCAUUC
AGCAUAACUGUUUGGAAAUG
AGUUCAUACUCUUGUUGGUU
UUUCACAGUCGGCUUGUAAC
GUGUCCCUUGGUUCUACGGG
UAUGGACACGAUUGUCAUCC
AGUAUCGACCAAAUCCAAAC
UACCGUACGGUUGCCAGAUC
CAUUAAAUCCUCCCUGGCUG
CCCUUUUUGAAGGAUUUGGC
CCACAAUAAGCCCAAUUUGG
UUAAGUCAACAGACUAAGGU
GACGACAACAACGUCCCAAA
AGGCGCAGACGAGCAGCAAU
CGCUUCGCCGGACUCCAACA
UCUAUACAGAAACUGGUGUA
GGUGUGGCCUUCUGGCGCUG
AGCCGUUCCCUUCCCUGAUT
ACGCCAGCAUGAAUUUUGGU
GUCCAAAUGUCAACUACACA
AAGCGCACUUAAGGUUGGUG
CAGAAUUUCCGUUCUAUCCU
CCUUUUUCAUUAGAUGCUGG
GACAGCAGCAGCUGGUUCAG
CACUUUAUAAAUAUGCACAU
CCUGUUGCCGUACGAGCGAA
UUCGUAUGUUCCCGGUCCUG
GAGAGGACCAACGUGUGCGA
UAAGX 1305

CAUCCCAUCAUGGAGGGUUA
CUUCUCAGGCGCACGAUAUA
ACACGGCCGUGCUGAAGGUC
UCACCAGCAAACGACGAAUA
CAACGCCACAUUUUGGGAAC
GAGUGGCAGCGACAGGGAUC
CGACGCAARACGUCCUUAAA

CGCGUCCGUUCCACCCGCGA
CCGGUCUUGGCGACAUGGAC
UGGGCCUGCGUAGAGUAUCG
CGCGCUCGCCGCCUAUAGGA
GCGUCCGAUCCAUCCUGAAA
AAAGGCAUCAUUGAAACCAU
GCGUUGACGACGCAAAACGU

UCUUCAACCUCUUGX 1335

CCAAGACGUCAACGAGCUCA
UGGUAGACGCCGACGUAAUC
GUCAACCUGGUUUGGCGUUU
AGAUUUGAAGGCAAAGUGGU
ACUCAUCGCACCUACCCCCG
UUAACCCCGUUAAUUAUCCG
AGGUACGCUUCCAUGAACGU
CCCUGUAAAGCUGAGUACUG
UAGAUGGUGUUCUAGCGGUG
GAGCCUGACUUUGAAUUCAA
UCAACCUUUUACCAUGGACU
GUGUCUCGGCCCCUGAGGGC
GCCAUGUUAUACCAAUUCGG
UUUGCCGGUUGCAGUGAUAG
CUGCAAGCAACAUUCCCGGC
UUUDAGAAGCAUCCGGACGC
UUGAAGAUUAAAGUAGUGAG
1400

ACGCGUUGUCGUCACAACAA
GCACGAGGCGUAAUCGCCGA
CUCAAAUGUGCAUUUGCACC
CAGCCGAARGGAUGUCCUCA
GAGUCGCCUACUGGAGUGCU
GGUUUUACAUCGAUGUUCGG
GGGUAUUUACCCAACGUCGA
UGCAAUUCCCGGUUGCAACA
GGGCCUGACAACUUCUCUGA
UGACAUAUUGGAGGGUAUCC
CAGGAGCAGAAGCCACCAGU
GCAGUUAACUCUGCCAUACU
CCAUGAUUCGCCUCCUCUCG
CGGCCCAAAAUGCAUCAAUG
CCGAUCGGUGUCGCCGCAAG
CAACCUAACCGGGCAAGUAU
CCCCCUUAGCGCGAAACCGG

GGCCAAUUGGCCAAAGCUAA
CACGCAGAACAAUCUCAUGA
CGGAUCCUGGCAAGGGUAUA
AAUUUUAGUGGCGCAACARC
UAUUAAAACAGCUACCGCGC
UCACUUCACUUUUCGGUACC
UUGUACCCUACUUGCAACUC
GUAUCCGUUGGAUACCACAC
ACGAAAAUUACAGCGAGUCG
AUCUUGGAAGGUGUACAGAC
AGCGGCAACUGUUGCCGGAU
UCAAUACGGCCACCAUUAAA
GAUUCACCCGCUGAAGACAU
GCUCAACGCCAACAUGUGGG
UCGGUGGAAUUGCCACCGGU
CGUACAAACGCCCCUUAGCG

ACAAGCUAAACAACCUCUAG
UGCUAUCUGAACCCGGACUC
CCUGAUAAUUUUGAAGGUAA
GCAAAAUGUUGAUACCUACA
CAGCGCAACCAGCCGCAUUG
ACCGCUACUAAUCGUGCCGA
CACGCAGUAUAAUGGUGGCA
CUGAGUCGUCCCAACUAGUG
UUUAUCGACGGUGUUUUUAC
UCUGCCAGGGCAAAAUGUUA
UUACUGGAAUUGGAGGCAUG
ACAUGGGCUUGUAUUGAGUA
UAUAGCAUUACAACAAUACA
AGAGAGUUAAACGGUUACUU
GUUCAACACAUUGGAGAUUU
CAGUGAACUUAGUUUCACAC

Nucleotide sequences of NOV
Start and stop codons are underlined.
at the 3'-end of NOV and BOV RNA2

(top),

FHV (middle)
The sequence of one or two
(indicated by an X) could not be

and BOV RNA2's

accurately determined due to the presence of a blocking group.
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