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Jen-Leih Wu, Sheau-Wen Yih, Go-Mo Her, Chwan-Chiun Tung, Chiou-Yueh
Lee and Ya-Li Hsu (1992) Nucleotide sequences of some ¢cDNA clones of infec-
tious pancreatic necrosis virus (IPNV)—Ab type. Bull. Inst. Zool., Academia Sinica
31(1): 15-22. The EIS virus, isolated from the spleen of a diseased Japanese eel
(Anguilla japonica), was identified as being the Ab type of infectious pancreatic
necrosis virus (IPNV). It belorigs to the Birnaviridae viruses which contain bi-
segmented dsRNA genomes. The EIS viral genome consists of 3.2Kb (A) and
2.9Kb (B) segments. We sequenced two cDNA clones (pA28, pB21) by using the
Sanger dideoxy method, and then showed that the pB21 has a 56.9% homologous
with the B segment of the infectious bursal disease virus (IBDV); we further
found that the pA28 has a 74.6% homologous with A segment of the Jasper strain
of IPNV. The sequence similarities indicate close evolutionary relationships between

birnaviruses.

Analysis of the locations of homologies indicate that the pB21 and

pA28 clones reside in the 3'-end nearby region of the EIS genome.
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The infectious pancreatic necrosis
virus (IPNV) is an important viral
pathogen in salmonid and some non-
salmonid fishes; belongs to the newly-
established family Birnaviridae (Brown,
1986; Dobos et al., 1979). Birnaviruses
possess bi-segmented, double-stranded
RNA genomes, and are contained with in
a medium-sized, unenveloped, icosahedral
capsid (Moss and Gravell, 1969; Dobos

and Roberts, 1983; Kell and Loh, 1972).
Birnavirus gene expression involves
the production of four unrelated gene
products which either wundergo post-
translational, cleavages or independent
translation initiation at internal sites to
produce three to produce three to five
viral structural proteins (Nagy ef al., 1987;
Hudson et al, 1986; Mertens and Dobos,
1982; Duncan et al., 1987; Manning ef al.,
1990; Manning and Leong, 1990). The
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largest protein (VP1) —encoded in B seg-
ment genomic RNA— is thought to have
RNA transcriptase activity; the three re-
maining major gene products—encoded by
segment A RNA—are a major structural
capsid protein (VP2), a minor structural
protein (VP3), and a nonstructural
protein (NS) (Azad et al., 1985; Mertens
and Dobos, 1982; Nagy et el., 1987; Dobos,
1977; Dobos and Rowe, (1977).

Three major serological groups of
IPNV have been identified (Okamoto ef
al., 1983; MacDonald and Gower, 1981;
Hedrick and Okamoto, 1982). Two of
these serotypes, SP and Ab, are the
predominant strains found in Europe; the
third serotype, VR299, is prevalent in
North America. Hill and Way (1983)
have uncovered six additional serotypes

be sites original which serotypes consti-

tute a major serogroup. However, a
number of isolated strains isolated
found in Asian fish are closely related
to the Ab strain. These can be differ-
entiated by variation in RNA genome
size, and by viral polypeptide size
(Hedrick et al., 1983; Lipipun et al, 1989;
Wu et al, 1987; Hsu ef al., 1989).

The eel virus strain (E1S), which
belongs to the Ab serotype of IPNYV,
contains a bi-segmented double-stranded
RNA genome consisting of a 3.2Kb
segment A, and a 29Kb segment B (Wu
ef al., 1987; Chang, 1983). Previously, we
purified its dsRNA genome and con-
structed a ¢cDNA library (Her, 1989). For
this report, we determined some partial
sequences in the two clones (pB21 and
'pA28) by using the Sanger dideoxy me-
thod; we then compared their sequences
with published sequences of other
birnaviruses. Sequence homologies were
calculated, and approximate locations of
these sequences in the genome of the
E1S virus were deduced.

MATERIALS AND METHODS

Bacterial strain, plasmid, enzymes, chemi-
cals

E. coli JM101 (supE thi A (lac-proAB)
F’ [traD36 proA proB lacl lacZAa Mi15]),
an ampicillin-sensitive derivative of £E.
coli, was used as the host of transforma-
tion for cDNA cloning. Plasmid pUCI8
was purchased from Bethesda Research
Laboratories, Inc.. Plasmids PB13, pB2l,
pA28 and pA87 are pUC18 derivatives
containing viral cDNA inserts. All restric-
tion enzymes were purchased from the
same laboratory. T7 DNA Polymerase
Sequencing Kit was from the Pro-
mega Co., The forward pirmer was a
24 mer (5-d (CGCCAGGGTTTTCCCAG-
TCACGAC)-3’), and the reverse primer
was a 22mer (5-d(TCACACAGGAAA-
CAGCTATGAC)-3). Both were derived
from the pUC/MI13 polylinker region.
Other chemicals were obtained {rom
either the Sigma Co. or Merck Co.

Isolation of plasmid DNA

Small-scale plasmid preparations were
performed by using a modification of the
alkaline lysis procedure (Birnboim and
Doly, 1979; Maniatis ef al., 1982). The
plasmid DNA which was isolated on a
large scale was further purified by CsCl-
ethidium bromide centrifugation (13,000x g,
36 hr at 25°C in a Beckman Type 65
rotor). The purity of the DNA was
checked by its absorbance ratio (O.D.
260/0.D. 280).

Nucleotide sequence determination and

computer analysis

The nucleotide sequence was deter-
mined by use of the modified T7 DNA
polymerase according to the technical
manual supplied by the Promega Co.
Nucleotide sequence data were aligned,
overlapped, and analyzed wusing -GCG
Genetic Analysis Pairway programs on



NUCLEOTIDE SEQUENCES OF IPNV (Ab TYPE)

a VAX computer. Restriction mapping,
open reading frame analyses, and homo-
logy comparisons were done using the
same software.

RESULTS AND DISCUSSION

The determined nucleotide sequences
of clones pA28 and pB21 were 430 bp and

17

310 bp in length, respectively. They are
shown in Figs. 1 and 2. Computer-
assisted analysis revealed possible re-
striction enzyme sites; in addition, open
reading frames were deduced and used
for recombinant DNA manipulation by
using the same analytical tool.

In previous studies, we searched for

-special concensus sequences between E1S

pA28  GAATTCCCTGGACATAAGGACAGTCTGGAAGACTGAGGAGTACAAGGAGCGGACAAGAGTC 61
Jasper  AGAGGAGCTGGACATTAGAACCGTCTGGAGGACTGAGGAATACAAAGAAAGGACAAGAGCA 1397
pA28 TT?@@C@éﬁﬁT?4§C@5??T?T555@T§@???GCCCACGTCAAG@@@@T@@QGT?@@éGG 121
Jasper  TTCAAAGAGATCACTGACTTCACAAGTGACCTACCAACCTCAAAGGCATGGGGATGGAGG 1457

—— Hpall HineIl
BamH] ——— — Scal

pA28 QAQATAQTCAAAGGGATCCGG@@@QICQ.@QQCCQ&GTACTQ?f@@@QCTGTTTCCGATG 181
Jasper  GACCTGGTCAGAGGCATCAGAAAAGIGGCCGCCCCCGTE 'Tuifééiéé%CTTCCCAATG 1517

pA28  GCAGCACCACTCATTGGAATGGCAGACCARCTCATCGGAGATCTCACCAACACCARCGCA 241,
Jasper  GCGGCTCCCCTTATAGGAGCTGCCGACCAATTCATTGGGGACCTCACCAAGACCAACTCA 1577

Kpnl

pA28  GCAGGCGGAAGGTACCGCTCCATGGCCGLAGGAGGCCGCTACAAAGACGTAATGGACTCE 301
Jasper  GCCGGGGGACGCTACCTGTCACACGCH GrcdéA;déédéTAéCATchGr ATGGACTCA 1637

pA28 TQGGQC@QCQQCGGACCCGACunAkGTTCTCCCAGUCTCTAAAGAACAGGCTGQ@Q?QT 361
Jasper  TGGGCCAGCGGGTCCGAGGCAGGAAGCTATTCAAAGCACCTCAAGACCCGGCTTGAGTCC 1697

Alul

pA28  GCCAACTACGAGGAAGTCGAGCTTCCTCCCCCTTCARAAGGAGTCATTGTCCCTGTGATG 421
Jasper  AATAACTATGAGGAAGTGGAGCTTCCAAAGCCAACAAAGGGAGTCATCTTTCCTGTGGTG 1757

pA28  CACACCGTC 430
Jasper CACACCGTT 1766

Fig. 1. An alignment of the DNA sequence of the pA28 (upper) and A segment genome of the

IPNV Jasper strain (lower).
with the first n.t.

at the 5’-untranslated region.
the Jasper strain are indicated by a colon (:).

The nucleotides of the Jasper strain are numbered beginning

Nucleotides identical to both pA28 and
The asterisks indicate that the precise

boundaries of the pVP2 and NS coding regions have not been determined (Duncan et al,
1987). Enzymes used in cloning or in hybridization studies are indicated.
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clones and other birnaviruses (unpublish-
ed data). In this report, a comparison
of sequence homologies between pA28,
pB21, and known nucleotide sequences of
other birnaviruses was made using
University of Wisconsin Genetics Com-
puter Group Sequence Analysis Software.
The only sequence of aquatic birnavi-
ruses published was that of the complete
segment A genome of the IPNV Jasper
strain (Duncan ef al, 1987; Duncan and
Dobos, 1986). The best alignment between
the PA28 sequence and the A segment
genome of the IPNV Jasper strain (Fig.
1) shows a 76.7% homology. The region
which is homologous to pA28 covers
the boundary between the pVP2 and NS
coding regions (Duncan ef al., 1987; Dun-

reading frame assignment of the IPNV,
the pA28 sequence was translated into
an amino acid sequence (reading frame
2 in Fig. 3); it showed a 81.8% homo-
logous with the IPNV coding sequence
(Fig. 3). This high degree of sequence
homology indicates a close evolutionary
relationship between the two strains of
fish birnaviruses.

To date, no segment B sequence data
for the IPNV or other aquatic birnavir-
uses are available for comparison; only
information on segment B of the infec-
tious bursal disease virus (IBDV) is
available for comparison (Morgan ef al,
1988). The pB21 DNA sequence we
obtained showed a 56.9% homology with
IBDV (Fig. 2). Following the reading

can and Dobos, 1986). Following the frame assignment of IBDV, the pB21
Rpall Clal
pB21 GﬁhTTCCGGAATTCFGCGAGAGCTGAAAGACCTGAGATCGATCAThnTGGAGGCTGTGGA 60
TBDY CAACTTCAAGnTTGhGQGGTCThTTGATGACATCAGGGGCAAGCTAAGALACCTTGT . 1835
pB21 CACAJCCCCCATGACGG(T@Cf?hGFﬁGhTGGGTCAGACCTTCCACCACGCFTGCCTGGC 120
IBDV  CCCCTTGCACAACCAGGGTACCTGAGTGGGGGG. . . . . . GTTGAACCAGAACAATCCAGC 1695
_ XhoI ———
Alul ———
pB21  ARAGCAGTGGAACTCGACCTACTC CGGCTGGTCAGCCGTTTACAGCCGACAGCTCGAGATG 180
IBDV  CCAACTGTCGAGCTCGACCTACTAGGCTGGTCAGC/HACETACAGCARAGATCTOOGGATC 1755
pB21 TTCGTTCLCGTTCTT@@GAACGAGAGnCThhTT&CnT_@QC@QCQI@CCCA@AAGGQCTA 240
IBDV TACGTGCCAaThéiTGACAAGGAHCGCTrcr"CTGCTCAG(AGéAiAchcAAAGGGGTT 1815
Al Smal

pB21 GAAAALHnAACCFTAGCCCGAAAACCCGGGGCnGﬁ&xT(GFuTnC CAGATAGTTCGGTAC 300
IBDV  GAGAATAAGAGTCTCAAGTCAAAAGTTGGGATCGAGCARGCATACAACETGOTCAGET A 1875
PB21  GAGGGAATTC 310
IBDV  GAGGCGTTGA 1885

.

the same as Fig. 1.

Fig. 2. An alignment of the DNA sequence of the pB21 (upper) and B segment genome of IBDV
(lower). Dots represent the gaps created to align the two sequences.

Other statements are
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(A)

ST b W N

(B)

Jasper

pA28  A--------

Fig. 3.

EELDIRTVURTEEYKERTRAF%EITDF'gSD

(a) Schematic illustration of all possible six-way open reading frames of pA28. There

were several possible methionine codons () and termination codons () over the

reading frames.

(b) Comparison of the predicted amino acid sequence of pA28 with that of the IPNV Jasper

strain.

Identical amino acid sequences are represented by dashed lines.

(4)
1.
2. T : T
3. T
4. T .
5.
6. T
(B)
IBDV NFKIERSIDDIRGKLRQLV.PLAQPGYLSGG
pB21 E—RNSARAERPE%DHNGGCGHSPHD-—-AD—
IBDV  VEPEQSSPTVELDLLGWSATYSKDLGIY
pB21 SDLP-RVPGKA-~--------~- V--RQ-EHF
IBDV VPVLDKERLFCSAhYPKGVENKS LRSKVGI
pB21 ----ED---TA--~----L--- T-AR-P-A
IBDV EQAYKVVRYEAL
pB21 -1--Q1----G1I

Fig. 4. (a) Schematic illustration of all possible six-way open reading frames of pB2I.
" . «(b) Comparison of the predicted amino acid sequence of pB21 with that of IBDV. Dots

indicate gaps inserted to improve the alignment.

Sequence was translated into an amino
acid sequence (reading frame 1 in Fig. 4);
it shows an overall 44.7% homologous with

Other legends are the same as Fig. 3.

the pVP1 sequence (Fig. 4). However,
in a span of 76 amino acid residues, the
two sequences share a 59.2% homologous,
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including several long~ stretches that
match perfectly. This high level of
homology clearly indicates that the RNA
transcriptase (pVP1) genes of the two
viruses are homologous, and that the
pB21 clone represents part of the EIS
pVP1 gene. The conserved regions may
possibly represent important functional
sites in the RNA transcriptase, sites which
play an essential role in specific RNA
synthesis during viral replication.

In summary, we determined the DNA
sequences of two cDNA clones of the
E1S viral genome. Sequence comparisons
with other birnaviruses show close evolu-
tionary relationships.~ Sequence com-
parisons also allowed us to place the pA28
clone in the region covering the bound-
aries between pVP2 and NS in the A
segment, and the pB21 clone to an in-
ternal region in the B segment (Figs. 1
and 2). Information described here
contains important
future vaccine design and construction
of anti-sense viral RNA for antiviral
regulation.
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A OB gy M RO O B R 35 (Ab )
cDNA 2 JE ¥k W & HF B f%ﬁ

E1S JR%T5E BAME (Anguilla japonica) ZIiRBIEMEFT 7 BEEEIN—EA B 8Kk RNA R
% £S5 EER Birnaviridae 2z By BEIEEERS (infectious pancreatic necrosis virus *
% IPN jR78) » B Ab B o JIERBE AN FIR » AR 3.2Kb RBEE 29Kbo 8 Sanger
dideoxy Z¥EE M cDNA EEfEkk (pB21 K& pA28) MyF71 o Stk = pB21 718 IBDV
W BEARIEA 56.9%KtaLit: ; pA28 RISE IPNV (Jasper type) fiABRKREEE 74.6% gL -
B FIRREEYE » U THEERER RNA REMNE LG - B4 - 1A pB21 & pA28 fiaH
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