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Nucleotide sequence variations surrounding the standard
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The inverted repeats, internal repeat (IR) and terminal repeat
(TR), of pseudorabies virus (PRV) are responsible for the
inversion of the unique short (US) region that resulted in two
isomeric forms of the PRV genome (1) and constitute part of
the cleavage-encapsulation signal during maturation of the viral
genome (2). We have obtained the complete BamHI-J DNA
nucleotide (nt) sequence (4968 bases) of the virulent Indiana
Funkhauser (InFh) strain and a partial sequence of the virulent
Becker strain (a dog isolate) (3) that spans the standard
recombination junction between the unique long (UL) and IR
sequences. Other sequences available for comparison included
a laboratory strain (Ka), a field strain (PRV-USA7) and an
attenuated vaccine strain (PRV-Norden) (Figure 1) (4, 5). Two
versions of the Ka sequences have been reported and they differ
in many locations. The sequence by Vleck et al. (4) was
designated Kv and that by DeMarchi et al. (5) was designated
Kd. Nucleotide 1 to 2451 (InFh and Kv): This portion is the left
end of BamHI-J. other than a deletion of 67 bases at nt
987-1054, there are only occasional base changes, insertions
and deletions. Nucleotide 2542 to 3280 (InFh, Becker, Kv and
Kd): This sequence represents the right end of the UL region.
As indicated, there are base changes, small deletions and
insertions between the two Ka sequences. Both the Kv and Kd
sequences showed an insertion of an A residue in the TATA
sequence present at nt 2947 and become TAATA. A 30-base
tandem repeat is noted at nt 3079. This 30-nt sequence occurs
twice in the InFh and Ka strains and 3 times in the Becker strain.
The nucleotides surrounding the UL -IR junction also vary
among different strains. The last dinucleotide of UL in InFh is
CC while the last dinucleotide for Becker and Ka are AT.
Similarly, the beginning IR nucleotide of Norden are different
from those of the other strains compared. Nucleotide 3281 to
3706 (InFh, Becker, Kv, Kd, Norden and USA7): This portion
represents the left end of the IR region abutting the UL sequence
and is best characterized by the presence of a 22 nt direct repeat
sequence designated here as DR22 (TAACCCCTCCCCCTAAT-
CTGCA) or R2+R3 by DeMarchi et al. (5) which occurs
tandemly in various frequencies among different strains. In InFh,
DR22 is repeated 8 times. However, the last 8 nt (AATCTGC-
A) of the third tandem was replaced by an 18 nt sequence,
CAT'TTGCATGCATTfGCA. Interestingly, this 18-nt sequence
is also present at nt 3415 to 3432. In Becker, DR22 is repeated
10 times. The same 8 nt in the second and third tandems were
replaced by CATTTGCA and CATTTGCATGCATTTGCA,
respectively. In Kv and Kd, DR22 is repeated 7 and 6 times,
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respectively. In both sequences, the latter portion of DR22 in
the second tandem was replaced by a 50-nt sequence, CATTT-
GCATACATTTGCATAGCCCCGCCCCTTCATTTGCATA-
AATTAGCA. The last 48 nt of this 50-nt sequence is also present
at nt 3353 to 3400. In Norden, DR22 is repeated 3 times. In
USA7, DR22 is repeated 5 times, and the last 8 nt of the second
tandem were replaced by the CATlTGCA sequence. Nucleotide
3707 to 4002 (InFh, Becker, Kv and Kd): There are some
differences between the Kv and Kd sequences. Two unrelated
repeat sequences were observed in this portion. A 23-nt sequence
(CATTTGCATATGACCGCTTCCCG) at nucleotide 3716-
3739 was duplicated, with a base change, at 3774-3797. A
63-base sequence at nucleotide 3812 to 3874 is present, as a single
copy, in the InFh and Becker strains; but occurs as a tandem
repeat in the Kv and Kd sequences. Nucleotide 4003 to 4986
(InFh, Becker and Kv): The sequence in this region is conserved
among all three strains with only occasional base changes,
deletions and insertions. The most significant difference is an
additional 28-base sequence at nt 4509 in the Kv sequence and
not in the InFh or Becker sequences. This addition occurs
downstream of the 3' splice junction (nt 4324) of the PRV large
latency transcript and it is present in the coding sequences (6).
As reported previously, the polyadenylation signal for the IE180
gene is located in the opposite orientation at nt 4778 to 4773,
and the AATAAA sequence at 4792 to 4797 in InFh and Becker
has mutated to become AACAAA in the Ka virus (7, 8). Our
findings support the observations (5) that nucleotide specificity
is not absolutely required at the actual site of cleavage or at the
standard junction and the frequency of DR22 is not pivotal for
the survival of the virus. However, it is clear that the most
variable area in BamHI-J is around DR22. In all .cases examined,
interruptions occurred within DR22 and at a relatively specific
location. The AATCTGCA sequence was replaced by a
neighboring sequence containing the CAT'TTGCA sequence. The
high degree of variability and relatively precise interruptions
within DR22 suggest that DR22 may play an essential role during
virus replication. DR22 may have other functions, for the SPI
binding site present in DR22 was recognized by nuclear proteins
in in vitro binding assays (4).
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Figure 1. Pseudorabies virus BamHI-J fragment DNA nucleotide sequence comparison. The Indiana-Funkhauser (LnFh), Becker, Norden and USA7 viruses are
denoted as In, Be, No and US, respectively. The two DNA sequences reported for the Ka strain are denoted as Kv and Kd. For convenience, the comparison was
carried out in five sections (A to E), and the sequences analyzed are indicated at the beginning of each section. The InFh sequence, punctuated with numbers, is
used as reference. Bases identical to that of InFh are indicated by dots under the InFh sequence, deletions are indicated by dashes, base changes are indicated by
the appropriate nucleotides in capital letters and insertions are indicated by small letters. (RRRR) indicates tandem repeats in the Becker sequence. The symbols
(*--- *) and (< --- >) denote sequence duplication at different locations and direct tandem repeats, respectively, within the same section. (xx) denotes
the US-IR junction and (^) denotes the 3' spliced junction of the Pseudorabies Virus large latency transcript.
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