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ABSTRACT. Non-cytopathogenic (NCP) viruses of bovine viral diarrhea (BVD) virus were detected at a low ratio by the reverse plaque
formation method from virus samples after several plaque clonings of cytopathogenic (CP) BVD viruses; NADL and Osloss strains. This
phenomenon suggests that the NCP BVD viruses are produced at a low ratio during the propagation of CP BVD viruses in vitro. To
investigate the differences between the parent CP BVD virus and the NCP BVD virus as a real progeny, the regions flanking the insertion
of cellular mRNA in the p125 domain of NADL and Osloss strains were amplified by RT-PCR and cloned into pGEM 3Z plasmid vector,
and then sequenced. Consequently, it was confirmed that sequences of cellular mRNA insertion of CP BVD viruses, NADL and Osloss
strains, were completely and exactly deleted from the NCP BVD viruses which were real progeny of CP BVD viruses, NADL and Osloss
strains. These results suggest that NCP BVD viruses may revert from CP biotype to NCP biotype by the deletion of cellular mRNA
insertion in the viral genome of CP BVD viruses (NADL and Osloss strains). — KEy worps: BVDYV, cytopathogenicity, pestivirus, RT-

PCR.

Bovine viral diarrhea (BVD) virus, a small enveloped
RNA virus, is the prototype member of the genus Pestivirus
of the Flaviviridae [11]. BVD virus has a single-stranded
RNA genome of positive polarity which is approximately
12.5 kilobases (kb) in length [4, 8, 26]. Two biotypes of
BVD virus, cytopathogenic (CP) and non-cytopathogenic
(NCP), can be distinguished on the basis of their effect on
cultured cells. Biochemical differences between biotypes
occur in the nonstructural protein, p125, which is processed
to proteins p54 and p80 by CP BVD viruses [10]. However,
the expression of a p80 is not found after infection of cells
with NCP BVD viruses. The most severe clinical
manifestation of BVD virus infection in cattle is a mucosal
disease which shows a mortality of almost 100 percent.
Recent studies indicated that early fetal infection with NCP
BVD virus leads to persistent viremia, immunotolerance and
a failure to develop antibodies. Persistently viremic animals
are infected with NCP BVD virus only, whereas those
developing mucosal disease are infected with both NCP and
CP BVD viruses [1, 2]. Though field isolates of the BVD
virus vary in their antigenicity, antigenic similarity has been
shown between CP and NCP viruses in natural outbreaks of
mucosal disease [6, 16]. Comparison of the genomic
sequences of the two strains of CP BVD virus, NADL [4]
and Osloss [26] led to the identification of insertions in the
BVD virus genome [5]. The amino acid sequences encoded
by the nucleotide sequence of insertions were highly
homologous to cellular sequences [20]. Accordingly, it was
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proposed that a NCP BVD virus mutated to a CP BVD
virus by taking up cellular sequences during a recombination
event in persistently infected animals [21, 22]. This
hypothesis, however, was challenged by observations that
some CP BVD viruses lacked the insertion in their genomes
[7, 9, 12]. Therefore, the understanding of the
cytopathogenicity of the BVD virus seems far from
complete. Recently, NCP BVD viruses were isolated from
CP BVD virus stocks and each virus stock of CP BVD
virus contained simultaneously two kinds of NCP BVD
viruses showing a different manner of interference [24]. It
was speculated that the mutation from the CP biotype to the
NCP biotype occurred during the propagation of CP BVD
viruses in vitro.

This paper deals with the possibility that the reversion of
BVD virus from CP biotype to NCP biotype is caused by
the deletion of cellular mRNA insertion in viral genome of
CP BVD viruses; NADL and Osloss strains.

MATERIALS AND METHODS

Viruses and cells: The NADL [13] and Osloss strains
[26] of CP BVD virus and derivative NCP BVD viruses
(NADL-END*, NADL-END-, Osloss-END* and Osloss-
END- strains) newly isolated from plaque cloned NADL
and Osloss strains in our laboratory were used in this study.
The NADL strain originated from the American Type
Culture Collection (Rockville, MD, U.S.A.), and the Osloss
strain was kindly provided by Prof. B. Liess, Institute for
Virology, Hannover Veterinary School, Germany. Stock
viruses were propagated in bovine testicle (BT) cell cultures
and stored at [0 80°C. The BT cells were grown in Eagle’s
minimum essential medium (MEM) containing 10% fetal
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bovine serum (FBS). The BT cells and FBS were tested by
the RT-PCR method [14] and found free of adventitious
BVD virus. FBS was confirmed to be free of antibody
against BVD virus by viral neutralization tests and was
treated with gamma-irradiation before use. The Nose strain
[18] of CP BVD virus and the New Jersey serotype strain of
vesicular stomatitis virus (VSV) were used as challenge
viruses for the reverse plaque formation (RPF) method [24].
The Miyadera strain of Newcastle disease virus (NDV) was
used for the END method [17, 19].

Plaque formation of CP BVD virus: Plaque assay was
used for detection, titration and cloning of CP BVD virus.
CP BVD viruses were diluted in ten fold steps, and 0.2 m/
of each dilution was inoculated onto confluent BT cell
monolayers grown in 60 mm plastic petri dishes. The virus
adsorption was done at 37°C for 1 hr and then the inoculum
was aspirated. The infected cells were covered with 5 m/ of
methylcellulose overlay medium consisting of 1.5% methyl-
cellulose in MEM containing 2% FBS. The dishes were
then held at 37°C for 5 days in a 5% CO, incubator. The
cultures were fixed with methanol and stained with crystal
violet solution for counting of plaques. For plaque cloning,
a single plaque developed in the highest dilution was
carefully selected and suspended with 1 m/ of MEM.

RPF method and isolation of NCP BVD virus from CP
BVD virus: The RPF method with the Nose strain of CP
BVD virus (Nose-RPF) or VSV (VSV-RPF) as a challenge
virus was used for detection, titration and isolation of NCP
BVD virus according to the method of Nakamura et al.
[24]. For the isolation of NCP BVD virus, the cells
composing a single reverse plaque were collected by
trypsinization and then the Nose strain or VSV used as
challenge viruses were neutralized with antiserum against
each virus. The cells were washed and suspended with
MEM and then frozen and thawed three times. The
supernatant was used for the isolation of the NCP BVD
virus. The cloning procedure by limiting dilution was
repeated three times to obtain a pure clone of the NCP BVD
isolate.

END method: To determine whether the END
phenomenon was induced by newly isolated NCP BVD

Table 1.
synthetic oligonucleotide primers used

viruses, the END method [17] was used.

Interference test: To determine whether the homologous
or heterologous interference was induced by newly isolated
NCP BVD viruses, the interference test was used. The
suspension of BT cells was inoculated with NCP BVD virus
and 4 days later the cells were challenged with a
homologous virus (the Nose strain of CP BVD virus) or a
heterologous virus (VSV). Control cultures were challenged
in parallel. The results were read 3 days after the challenge
inoculation.

Template viral RNA for RT-PCR: Viral RNA was
extracted from the supernatant of BVD virus infected BT
cell cultures by the acid guanidinium-phenol-chloroform
(AGPC) method [3]. After ethanol precipitation, viral RNA
was suspended in 0.2 % diethylpyrocarbonate-treated water
to prevent degradation of RNA.

Oligonucleotide primers: Eight oligonucleotide primers
were synthesized on a ABI DNA synthesizer (Applied
Biosystems, Inc. Foster City, CA, U.S.A.) using the
phosphoamidite method. Oligonucleotide primers were
chosen according to the cDNA sequence of NADL strain
[4] and Osloss strain [26]. Primers were selected in the
parts encompassing the insertions located in a region
encoding for a nonstructural p 125 polypeptide and a highly
conserved 5’ non-coding region of the BVD virus. The
sequences of the primers used are listed in Table 1.

RT-PCR: RT-PCR were performed using DNA Thermal
Cycler and the GeneAmp® RNA PCR Kit (Perkin-Elmer
Cetus, Norwalk, CT., U.S.A.). The procedure followed was
that indicated by the manufacturer’s manual. The RT-PCR
products were analyzed by electrophoresis on a 2% agarose
gel and were visualized with ethidium bromide under UV
light.

Nucleotide sequencing: The RT-PCR product was isolated
from a 2% agarose gel and was cloned into the Pstl-digested
pGEM 3Z (Promega Co., U.S.A.) plasmid vector according
to standard procedures. Dideoxy sequencing was carried
out using Sequenase version 2.0 (Toyobo Co., Japan).
Computer analysis of sequence data was performed with
DNASIS software (Hitachi, Japan).

Nucleotide sequence and location on the NADL and the Osloss genome of the

Primer  Nucleotide sequence Location
#1 (5")GCTACTGCAGACTGCATAATATGCACTGTATGTG 48334856
#4 (5" )GCTACTGCAGCTTACACACGGCAGGCCCCCTTAGG  5416-54409
NL1 (5 )GCTACTGCAGATGTGCAGCCGATGCCAG 4994-5011%
NL2 (5")GCTACTGCAGCATCCGTGAACCAAATGA 5246-52639
#05 (5" )GCTACTGCAGGACCCTTCAGGCAGGAACATAGCGG  4991-5015Y
#06 (5")GCTACTGCAGTCCCCTCCTCACTTTTAGCAATGC 5508-5532»
#7 (5)GCTACTGCAGATCCCTCTCAGCGAAGGCCG 74-939
#8 (5”)GCTACTGCAGCAGCAGAGATTTTTAGTAGCAATAC 351-375%

The underlined sequence indicates the restriction site of Pstl.
a) Nucleotide numbers are based on the NADL genome (Collett et al. 1988).
b) Nucleotide numbers are based on the Osloss genome (Renard et al. 1987).
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RESULTS

Detection of NCP BVD viruses from the cloned CP BVD
virus samples on each cloning step: The virus cloning of
CP BVD viruses was done a total of 6 times by two methods.
The CP BVD virus NADL and Osloss strains were first
cloned 3 times by limiting dilution method on tube cell
cultures and further cloning was carried out by 3 successive
plaque isolations. In order to examine the presence of NCP
BVD viruses at each cloning step of CP BVD viruses, each
cloned virus sample was tested by the general plaque
formation, Nose-RPF and VSV-RPF methods. The CP BVD
virus titers of samples after the third cloning by limiting
dilution with tube cell cultures showed 1.8 x 105 plaque
forming unit (PFU)/0.2 m/ (NADL strain) and 3.5 x 105
PFU/0.2 m/ (Osloss strain). Whereas, the virus titers of
samples from a single plaque after the first, second and
third plaque cloning showed approximately 10° PFU/0.2 m/
level for both NADL and Osloss strains. The virus titer of
stock viruses propagated once in BT cell cultures after the
third plaque cloning was approximately 10¢ to 107 PFU/0.2
m/ level for both strains. The NADL strain cloned 3 times
by limiting dilution with tube cell cultures contained NCP
BVD viruses which interfered with the Nose strain and VSV.
As shown in Table 2, the virus titers of NCP BVD virus by
means of Nose-RPF and VSV-RPF methods were 1.5 x 103
PFU /0.2 m/ and 2.0 x 102 PFU/0.2 m/ which are
approximately 100 or 1,000 times lower than the ordinary
plaque forming titer of this cloned CP BVD virus,
respectively. The NCP BVD viruses, however, were not
detected from a single plaque through 3 plaque cloning steps
of CP BVD NADL strain. Whereas, the NCP BVD viruses
which interfered with Nose strain or VSV were detected
again at low ratios by Nose-RPF and VSV-RPF methods in
plaque cloned NADL strain which was propagated once in
BT cell cultures. The virus titer of NCP BVD virus detected
by the Nose-RPF and VSV-RPF methods was 1.5 x 10°
PFU/0.2 m/ and 3.0 x 10* PFU/0.2 m/ which are about 100
or 1,000 times lower than the virus titer of CP BVD virus in
plaque cloned NADL strain, respectively.

The Osloss strain was cloned by the same way the NADL
strain. After clonings (total 6 times) of the Osloss strain of
CP BVD virus, NCP BVD viruses were also detected at low
ratios, similar to the results of the NADL strain in the cloned
virus sample of Osloss strain, by the Nose-RPF and VSV-
RPF methods.

Characteristic of the isolates: NCP BVD viruses were
isolated by the RPF method from the final plaque cloned
NADL and Osloss strains. To check their characteristics,
these viruses were examined as to whether they caused
interference or END phenomena. The results are shown in
Table 3. BT cell cultures infected with the isolated NCP
BVD viruses showed no CPE after challenge with the Nose
strain of CP BVD virus. However, by means of the END
method, these viruses were divided into two viruses: END
phenomenon positive (NADL-END*, Osloss-END*) and
END phenomenon negative (NADL-END-, Osloss-END").

Table 2. Quantitative assay of NADL strain of BVD virus by the
plaque and RPF methods at each cloning step

Virus titer (PFU/0.2 ml)

Virus samples Plaque®  Nose-RPFY VSV-RPFY
3rd limiting dilution® 1.8 x 10° 1.5 x 10° 2.0 x 102
Ist plaque cloning® 3.5x 10% Not detected  Not detected
2nd plaque cloning? 3.2 x 10° Not detected ~ Not detected
3rd plaque cloning® 3.4 x 10°> Not detected  Not detected
NADL BT-1» 1.4 x 107 1.5 x 103 3.0 x 10*

a) Virus titer calculated from ordinary plaques which were formed
by CP virus.

b) Virus titer calculated from reverse plaques which were formed by
NCP virus after challenge with Nose strain of BVDV.

¢) Virus titer calculated from reverse plaques which were formed by
NCP virus after challenge with VSV.

d) Virus harvested from cell culture cloned by the third limiting
dilution with tube cell cultures.

e), f), g) Virus obtained from a single plaque which developed in the
highest dilution at each plaque cloning step.

h) Virus stock progpagated once in BT cells after third plaque clon-
ing.

Table 3. Characterization of the isolated NCP BVD viruses
Interference method END method

Virus CP BVDV VSV NDV
MADL-END" g aw O
MADL-ENDH 0 0 0
Osloss-END" O O O
Osloss-ENDUY O O O
Control O O O

CP BVDV, VSV and NDV were used as a challenge virus.
a) CPE negative.
b) CPE positive.

NADL-END+* and Osloss-END+* strain infected BT cell
cultures showed CPE after challenge with NDV and VSV.
In contrast, BT cell cultures infected with NADL-END- and
Osloss-END- strains showed no CPE after challenge with
NDV and VSV. The END phenomenon negative viruses
interfered completely with CP BVD virus, NDV and VSV,
even though a high titer of these viruses was used as a
challenge virus.

Electrophoretic analysis of the PCR products of CP and
NCP strains: To investigate the existence of cellular mRNA
insertion, the region corresponding to the insertions of
cellular mRNA in two real pairs of homologous CP and
NCP strains (NADL, NADL-END*, NADL-END- and
Osloss, Osloss-END*, Osloss-END") was amplified by RT-
PCR. A gel electrophoresis of the fragment amplified by
#1/#4 primers for CP NADL, derivative NCP NADL-END*
and NADL-END- strains is shown in Fig. 1. The PCR
product of primers #1 and #4 should be a 608-base pairs
(bp) fragment encompassing nucleotides 4833-5440 of the
NADL sequence. A smaller product is expected if the viral
genome lacks cellular mRNA insertions. A specific
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Fig. 1. Electrophoretic analysis of the RT-PCR
amplification products derived from NADL, NADL-
END* and NADL-END- strains of BVD virus using
#1 and #4 primers. Lane 1: Size marker; Lane 2:
NADL; Lane 3: NADL-END™; Lane 4: NADL-END-.
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Fig. 2.
amplification products derived from RT-PCR
products of NADL strain of BVD virus using NL1
and NL2 primers. Lane 1: Size marker; Lane 2:
NADL; Lane 3: NADL-END*; Lane 4: NADL-END-

Electrophoretic analysis of the nested PCR

fragment of the expected size was observed for the
biologically cloned NADL strain (Fig. 1, lane 2). However,
the fragments of NADL-END* and NADL-END- strains
(Fig. 1, lane 3 and 4) were smaller than that of cloned
NADL strain, and only the nested PCR product of primers
NL1 and NL2 was observed with the RT-PCR product of
NADL strain (Fig, 2, lane 2). Of the other primer pairs for
the Osloss strain, #05/#06 gave an amplified cDNA fragment
of the expected size (542-bp) with the biologically cloned
Osloss strain (Fig. 3, lane 2). Analysis of amplification
products of Osloss-END* and Osloss-END- indicated the

658 —
489 —
26 T=—

Fig. 3. Electrophoretic analysis of the RT-PCR
amplification products derived from Osloss, Osloss-
END* and Osloss-END- strains of BVD virus using
#05 and #06 primers. Lane 1: Size marker; Lane 2:
Osloss; Lane 3: Osloss-END*; Lane 4: Osloss-END-.

presence of cDNA bands of smaller sizes (Fig. 3, lane 3
and 4). The primer pair, #7/#8 successfully gave an
amplified cDNA fragment of the expected size with all 6
strains tested (Fig. 4). No amplification was detected with
RNA extracted from BT cell cultures not infected with BVD
virus.

Nucleotide sequence of the region flanking the cellular
mRNA insertion: The cDNA products amplified by RT-PCR
from viral genome of the CP viruses (NADL and Osloss
strains after plaque cloning) and the NCP viruses (NADL-
END*, NADL-END- and Osloss-END*, Osloss-END- as
progenies of each CP parent virus) were cloned into pPGEM
3Z plasmid vector for sequencing. The nucleotide sequences
of each clone were determined and compared with the
published sequences of NADL and Osloss strains.

The comparison of nucleotide sequences and their
deduced amino acids sequences among the original NADL
strain (the sequence published by Collett ef al. [4]), NADL
plaque cloned strain, NADL-END* and NADL-END- are
shown in Figs. 5 and 6. The nucleotide sequence and its
deduced amino acids sequence of the plaque cloned NADL
strain showed complete homology to that of NADL original
strain. However, the insertion of cellular mRNA integrated
in the viral genome of NADL strain (270 bp;
5’ATGTGC......CGGATG3’) was completely and exactly
deleted from the viral genome of NADL-END* and NADL-
END- NCP viruses (Fig. 5). There were no nucleotide
differences between NADL-END+ and NADL-END-,
whereas, a small number of nucleotides on the sequences of
both NADL-END+* and NADL-END- were exchanged in the
region surrounding the insertion of cellular mRNA of CP
NADL strain. The amino acid residues on both NADL-
END+* and NADL-END- were exchanged from
Phenylalanine to Tyrosine (at position 1534) and also from
Valine to Isoleucine (at position 1651) when compared with
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Electrophoretic analysis of the RT-PCR amplification products derived from CP and NCP BVD virus genomes

using #7 and #8 primers. (A) Lane 1: Size marker; Lane 2: NADL; Lane 3: NADL-END*; Lane 4: NADL-END-, (B)
Lane 1: Size marker; Lane 2: Osloss; Lane 3: Osloss-END*; Lane 4: Osloss-END-.

the CP NADL strain (Fig. 6).

The comparison of nucleotide sequences and their
deduced amino acids sequences among the original Osloss
strain (the sequence published by Renard et al. [26]), Osloss
strain plaque cloned, Osloss-END+ and Osloss-END- are
shown in Figs. 7 and 8. The nucleotide sequence and its
amino acids sequence of the plaque cloned Osloss strain
showed complete homology to that of original Osloss strain
except for the exchange of 1 bp of nucleotide (T to A; at the
position of 5314) and 1 amino acid residue (Serin to
Threonine). However, the insertion of cellular mRNA
integrated in the viral genome of Osloss strain (228 bp;
5’ATGCAG......GGTAGT?3’) was completely and exactly
deleted from the viral genome of Osloss-END* and Osloss-
END- NCP viruses (Fig. 7). There were no nucleotide
differences between the Osloss-END* and Osloss-END-
NCP viruses, however, nucleotide exchanges were scattered
in the region surrounding the insertion of cellular mRNA of
Osloss CP strain when compared with the sequence of
Osloss CP strain. The amino acid residues on both Osloss-
END* and Osloss-END- NCP viruses were exchanged at 4
sites compared with that of the Osloss CP strain (Fig. 8).

DISCUSSION

The BVD viruses were divided into two biotypes, namely,
CP BVD virus and NCP BVD virus. Furthermore, we
identified that NCP BVD viruses can be divided into two
different groups by the manner of their interference; that is,
NCP BVD virus (END*) leads to only homologous
interference and NCP BVD virus (END-) shows not only
homologous but also heterologous interference. The former
NCP BVD virus (END*) showed the END phenomenon but
not the latter NCP BVD virus (END-) [24]. The RPF
method based on the intrinsic interference, could be
applicable for the detection of different NCP BVD viruses

by selection of a challenge virus. When the RPF method
was performed using the Nose strain of CP BVD virus
(homologous virus against NCP BVD virus) as a challenge
virus, reverse plaques were produced by both END+* and
END- NCP BVD viruses. However, reverse plaques were
developed only by the END- NCP BVD virus when VSV
(heterologous virus against NCP BVD virus) was used as a
challenge virus [24].

Previously we reported that two different NCP BVD
viruses were isolated from 3 CP BVD virus stocks by the
RPF method and the dominant CP BVD virus and the newly
isolated NCP BVD viruses were antigenically
indistinguishable [24]. However, the origin of NCP BVD
viruses contaminating CP BVD virus stocks has not been
identified. In our previous paper, we speculated that the
mutation from the CP biotype to the NCP biotype occurs
during the propagation of CP BVD virus. To confirm this
speculation, biological cloning of the CP BVD virus was
carried out and we examined whether the NCP BVD viruses
were reproduced in plaque cloned CP BVD virus samples
using the RPF method. The result was that NCP viruses
were detected at a low ratio in CP BVD virus samples in
spite of a total of 6 clonings. At each plaque cloning step
of CP BVD virus (NADL strain), a single plaque which
developed at the highest dilution of the virus sample was
chosen for the next virus cloning. At the same time,
samples from the single plaque were tested by the RPF
method to determine whether NCP BVD viruses existed or
not. The result was that NCP BVD viruses were not
detected in any single plaque at each cloning step. However,
NCP BVD viruses were again detected at a low ratio again
by RPF methods when such a cloned virus sample was
propagated on a large scale in BT cell culture. This
phenomenon suggests that NCP BVD viruses are produced
at a low ratio during propagation of the CP BVD virus. It
seems that this is a real phenomenon because the populations
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4904
NADL pb GGGAAGCCGA TAACGTGTGG GATGTCGCTA GCAGATTTTG AAGAAAGACA
NADL cl hkkhkkkkhkhkk khkhkhhkhkkhhkh khkkkhhhhkdkhk khkhkhkhkhkhdhk khkhhhkhhkd
NADLE+ KAPARRAKRKRCH, hkhhkkhChkh *hkXk A AATR, kkkkhkkddk XGQhAkkdkkdk
NADLE™ KAAKAAKRKC, khkdhdkdQhk khkhk kI XPAThk* khkhkkdkhdk *Qhkrrkdkdid
4954
NADL pb CTATAAAAGA ATCTTTATAA GGGAAGGCAA CTTTGAGGGT ATGTGCAGCC
NADL cl khkhkkhkkkhkhk khkAhkRAkhkd AhAkAhhhhkk *hkhhdhhkkhkdk khkhhkkkkdk
NADLE"’ Trekkkk kG **XPTrkAkxkkk*k KRKKRKKKAK XAPACKKAXKNL e
NADLE™ PrrkkkkkkG **Phkhkxkkddk KR KRKKKKR FRACKXAXXL e m
5004
NADL pb GATGCCAGGG AAAGCATAGG AGGTTTGAAA TGGACCGGGA ACCTAAGAGT
NADL cl Khkhkhkhkkkhkhk khhkhhdkhkhkdhk khkkhkhhhkdhk *hkhkhhkkhkhhkk hhhkhkhxhkkkk
NADLE*
NADLE™ - -— - —
5054
NADL pb GCCAGATACT GTGCTGAGTG TAATAGGCTG CATCCTGCTG AGGAAGGTGA
NADL cl hhkhkhkhkkhhhkdh Shhhkhkkhkhdhdh AXAhEARAhkd khhhhhhhhd khkdhhhkhhhd
NADLE*
NADLE-~ -
5104
NADL pb CTTTTGGGCA GAGTCGAGCA TGTTGGGCCT CAAAATCACC TACTTTGCGC
NADL cl hhkhkhkkkhkhkkdh hhhdkhkhhhhdk khkhkhhhhkhhd hhhkdhkhhkhhd khhhkhkhkhhdd
NADLE*
NADLE™
5154
NADL pb TGATGGATGG AAAGGTGTAT GATATCACAG AGTGGGCTGG ATGCCAGCGT
NADL cl khkkhhhkhhkhk khkhhdhkdd khkhkhkhhkhhdhk khkdhkhhdhkd *hkhkhkkhhhkd
NADLE*
NADLE™ —
5204
NADL pb GTGGGAATCT CCCCAGATAC CCACAGAGTC CCTTGTCACA TCTCATTTGG
NADIL cl khkkhkkkkkhk kkhkkhkkkhdhdk Ikkhkkdhhhkdk Akkhkhhkdd dhkhdxhkhkkhd
NADLE*' ———— ————— ————————
NADLE™ ———————— ——m e ———— mmmm— e — e mE———————— e ——— —
5254
NADL pb TTCACGGATG CCTTTCAGGC AGGAATACAA TGGCTTTGTA CAATATACCG
NADL cl kKA Ikhr KRAKKKKAALE AXhkhhhhhhdh hhkhhhhhhkk Ahkkkkhkhhhk
NADLE+ __________ khkhkhkkPhkkAk kkk Ak XXk kkAPhhhhdd kkkkkdhkdk
NADLE™ <—cccccmce=- KRKKKPAIAX A A ARRPAE AAXPAAAAdd *hkdkhddhdd
5304
NADL pb CTAGGGGGCA ACTATTTCTG AGAAACTTGC CCGTACTGGC AACTAAAGTA
NADL cl khkhkhhkhkkhkdh hkhhkhkhkhkkhhd kkhhkhhkhhkhhk khkhkhkkhkhkhddx *khhkxhkhkkhkk
NADI‘E"' khhkkhhkhhhkdh khkkhhkkhPhkhk AhkkkdkThhkkd kAR IAA**d Ak kdrkhhkx
NADLE™ hkhkhkkhkhkhkhdk kXA *Phdk *hdhdPhhhkk kAP kkhhhhkd kkdhdkdhdsk
5354
NADL pb AAAATGCTCA TGGTAGGC
NADL cl EhEXKKRKERL KXKRKAAE
NADLE+ khkkhkkhkhhkkhk khkhkhkkkkk
NADLE- hkhkkkhkhkkhkhk khkhkxkkk
Fig. 5. Comparison of the nucleotide sequences of the region of the BVD virus strain NADL

genome containing the host cell-derived insertions. The numbers correspond to the
published NADL sequence. Abbreviations used for BVD virus strains: NADL pb,
published sequence (Collett et al., 1988); NADL cl, plaque cloned NADL; NADLE+,
NADL-END*; NADLE-, NADL-END-.
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1507
NADL pb GKPITCGMSL ADFEERHYKR IFIREGNFEG MCSRCQGKHR RFEMDREPKS
NADL cl KEARERRAIAE ShhhkIhkrhhd RAREAAIRAIE AR E AR IIAE Ak hhkdhrkxk
NADI‘E+ khkkhhhkkhk khkhkkkkkhk kkkkhkkkyki
NADLE™ dkkkkhhhkhhk khkhkhkhhkhhdk AR EXYRK o e
1557
NADL pb ARYCAECNRL HPAEEGDFWA ESSMLGLKIT YFALMDGKVY DITEWAGCQR
NADL cl AREIAKNKAkARkE: AhkhkRhkhkhkhhk hhkhkhkhkhkhhih khkhhkhkhkhhk hkhkkhkhkkkkk
NADLE' - -
NADLE™ - —— —_—
1607
NADL pb VGISPDTHRV PCHISFGSRM PFRQEYNGFV QYTARGQLFL RNLPVLATKV
NADIL cl Ak hkhhhd AhhkkhhRhdkd AARAARAAIE AXXRREARE, RAXRA TR AXR
NADLE' _— - ARRKRIKIIEE KAAIKAXRRT Kk XTIk kK
NADLE™ 3 = e AhkARKRKA, KRXKRRKIREE Kk AThAhx%
1657
NADL pb KMLMVG
NADL cl  **%%#
NADLEY khkkkkk
NADLE- 1222224
Fig. 6. Alignment of the deduced amino acid sequences of the region of the BVD virus

strain NADL genome containing the host cell-derived insertions. The numbers correspond
to the published NADL sequence. Abbreviations used for BVD virus strains: NADL pb,
published sequence (Collett et al., 1988); NADL cl, plaque cloned NADL; NADLE*,

NADL-END* NADLE-, NADL-END-.

of CP and NCP BVD viruses were checked at each cloning
step by both the general plaque formation method for the
detection of a major population of CP BVD virus, and the
RPF method for detection of a minor population of NCP
BVD viruses. If there is no method for the detection and
isolation of minor NCP BVD viruses, it will not be possible
to confirm this phenomenon. On the other hand, it was
confirmed that the NCP BVD viruses isolated in this
experiment were not contaminants from BT cells, FBS and
medium because they were checked by RT-PCR and found
to be free of BVD virus, and especially because FBS was
gamma-irradiated. The NCP BVD viruses detected by the
RPF method were not defective interfering particles which
were recently reported by Tautz et al. [28] since they are
infectious and can propagate well in BT cell cultures. It
has also been demonstrated that the NCP biotype virus was
detected in CP BVD virus samples by immunoplaque assay
after cloning of the Indiana ‘Gillette’ strain of CP BVD
virus [15]. These results indicate that the NCP BVD viruses
were produced at a low ratio as progeny of CP BVD virus.
This phenomenon can be comprehended through the general
fact that the CPE of CP BVD virus is weakened by
continuous virus passages with high multiplicity of
infection; that is, the population of the NCP BVD viruses
increases after multi-passages of CP BVD viruses and then
the NCP BVD viruses interfere with the development of
CPE caused by the CP BVD viruses.

To elucidate why NCP BVD viruses are produced from
the CP BVD virus, we analyzed the existence of the insertion
of cellular mRNA integrated on the region p125 in the
genome of NADL and Osloss strains. In this experiment,

the CP and NCP BVD viruses with real parent-progeny
relationships were isolated after 6 clonings of CP BVD
viruses (NADL and Osloss strains). Using these CP and
NCP BVD viruses, the existence of the sequence of insertion
in the region encoding p125 between CP and NCP BVD
viruses was analyzed by RT-PCR and sequencing. We
confirmed that the sequences of cellular mRNA insertion of
CP BVD viruses were completely and exactly deleted from
both END* and END- NCP BVD viruses which were real
progeny of CP BVD viruses, namely, NADL and Osloss
strains. Therefore, it is presumed that BVD viruses, such as
NADL and Osloss strains, revert from CP biotype to NCP
biotype by deletion of the integrated host cell mRNA in the
viral genome following propagation of CP BVD virus.
The complete nucleotide sequences of the NADL and
Osloss strains of CP BVD viruses have been published and
the size of the viral genome has been confirmed as 12.5 kb
[4, 26]. When these sequences were aligned for comparison
with the BVD viruses, the NADL and Osloss strains were
found to have insertions of 270 and 228 bp, respectively, of
cellular mRNA in the predicted coding region for p125 non-
structure protein [4, 8, 20-22, 26]. The sequence of the
insertion in the viral genome of NADL strain showed 99%
homology with a host cellular mRNA encoding for an
unknown function [4]. That of the Osloss strain was
identified as a gene corresponding to an ubiquitin like
protein [26]. Generally, CP BVD viruses have only been
isolated at the same time as isolation of NCP BVD virus
from cattle suffering from mucosal disease [1, 2]. Meyers
et al. [21-23] proposed the hypothesis that the CP BVD
virus develops in cattle suffering from mucosal disease
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5071
Osloss pb GCAACCAAAG TAAAAATGCT TATGGTAGGC AACCTAGGGG TAGAAATCGG
0sloss cl ¥Ek¥dkkkkk kkokkokkiokkk kkkkdkokkkkk kkkkkkkkkk kkkkkkkkkk
OslossE' RAKKRKTRKRK RKkRkRkRkK ChhkRRkRGHRER RhRKKTRRAK ARkRkkRTkR¥
OslossiE™ FokdoRRTAR KR dokkkkkdokkk CRRRERGERR KRkRRTHRRA* Akkkkk¥TH%
5121
Osloss pb TGATCTAGAA CACCTAGGAT GGATCTTAAA AATGCAGATC TTCGTGAAAA
osloss cl  kkkkkdokkkk okkdokkkkokk kkdkokkkkkkk kkokdkokkkkkk KkRkkkkkkk
OslossEY  GXXCHXkkkk KRKKKCKRKK XKXKKCKKKG Quommm———m ——mcmmm—meee
OslossE™ GRROKRRRKKK KAkKKKOKKKK KXKKKKCKKKG Go——m—mmm—m mmmmmmmmee
5171
Osloss pb CCCTGACCGG CAAGACCATC ACCCTGGAGG TGGAGCCCAG TGACACCATC
051085 cl k¥dkkkdokkk kkkkdkkkdkokk kkdokkkkkkk kkkkRkRRkRk kRkkkkERKX
OslossE* e e e e
0S10SSE”T  —emmem e e e e e
5221
Osloss pb GAGAACGTGA AGGCCAAGAT CCAGGATAAG GAAGGCATTC CCCCTGACCA
081085 €l REkkdkkokkk okkRRkRRkR RIkRRRERKR RRXRKKKKKK RKKKKKRKKX
0slossSEt  —o oo
05S10SSE”T  —mmmmemm e e e e e
5271
Osloss pb GCAGAGGCTC ATCTTTGCCG GCAAGCAGCT GGAAGATGGC CGCTCTCTTT
0sloss cl ®kkkkkkkkk kokkkkkkokkk kkEkRkkkkk KRERKKKkXKK KRRARKRKKK
OslossEY  —o o e
0810SSE™T  —m— e e e e
5321
Osloss pb CTGATTACAA CATCCAGAAA GAGTCGACCC TGCACCTGGT CCTCCGTCTG
0sloss ¢l  k¥kkdokkkkk dokkkkokkdkokk kdokkkokkkkk kkkkkkkkdkk kRkkEkRERX
OslossEY o e e ———
0s10SSE™  —— e e e e
5371
Osloss pb AGGGGTAGTG GGCCTGCCGT GTGCAAAAAG ATTACTGAGC ATGAGAAATG
081085 cl kkkkkckkokkk skkkkdokkdkkk RRkRERR¥RE kR RRkRKKKkE RkKKKKKKKXK
OslossEt  ——ecmme ¥ kkokkkkkokkk KRKKRKGEER KKCERKAKKRK KORkKAKKKXX
OslossE™  ————~—-—- X RkRKKKRKKK KARKKKGRRK KKCKRARKKR FORRARRKkKK
5421
Osloss pb CCATGTCAAC ATACTAGACA AATTGACCGC ATTTTTCGGG GTTATGCCAA
0sloss cl  kkkkokkkdkokk kaokkkkkkkk KkRkRAKKKk¥ KEKKRKKRKKR kRkkRkKkkkk
Oslossk' KEKRCARKRKK KRR REKKATH RRCKARKTRR KkKCKRKKEX AKCKRKRRKK
OslossE™ KKKCAKKRKKK KKKKKKKKTR RKKCKARKTHR Rk¥KkChkkkkk AXCKEKRKEXX
5471

Osloss pb GAGGTACC

osloss cl kkkkokkxkx
OslossEY  *Gx*xGx*T
OslossE™ *@GRKERXT
Fig. 7. Comparison of the nucleotide sequences of the region of the BVD virus strain Osloss genome containing the

ubiquitin coding insertions. The numbers correspond to the published Osloss sequence. Abbreviations used for BVD
virus strains: Osloss pb, published sequence (Renard et al., 1987); Osloss cl, plaque cloned Osloss; OslossE*, Osloss-
END*; OslossE-, Osloss-END-.

through integration of additional RNA in the genome of
NCP BVD virus in a recombination process. This
hypothesis is supported paradoxically by our result that CP

BVD viruses change to NCP biotype by deletion of the
cellular mRNA integrated in the region encoding p125
nonstructural protein. The existence of foreign RNA
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Osloss pb ATKVKMLMVG NLGVEIGDLE
Osloss cl kkhkkkkkkk dkkkkkkkikk
0S1OSSET  **kkxkkkkk AkkErkkkhk
OslossE— khkkkkkkkk*d ***E******
Osloss pb ENVKAKIQDK EGIPPDQQRL
Osloss cl khkhhkkhkhkhkhkk *kkkkhkkkdkik
0810SSEY  ——mmmme
0SlO0SSE™ —ecmcmmee cm—mem
Osloss pb RGSGPAVCKK ITEHEKCHVN
Osloss Cl hkkdkhhkhkhkdk Khkkkkkkkkk
OSlossE+ p—— i 2222 ********I*
OSlossE_ L L2 ********I*
Fig. 8.

Alignment of the deduced amino acid sequences of the region of the BVD virus strain Osloss genome

containing the ubiquitin coding insertions. Abbreviations used for BVD virus strains: Osloss pb, published
sequence (Renard et al., 1987); Osloss cl, plaque cloned Osloss; OslossE*, Osloss-END*; OslossE-, Osloss-

END-.

insertion into the portion of the genome encoding for the
p125 polypeptide have been reported for several, but not
all, CP BVD viruses [7, 9, 12, 20-23, 25]. Therefore, the
occurrence of insertion may not be the only mechanism
involved in biotypic determination [27]. To elucidate these
mechanisms, it will be necessary to analyze the genetic
differences between CP and NCP BVD viruses using an
infectious viral cDNA clone.
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