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When the endogenous polypurine tract (PPT) of the Rous sarcoma virus (RSV)-derived vector RSVP(A)Z
was replaced with alternate retroviral PPTs, the fraction of unintegrated viral DNA with the normal consensus
ends significantly decreased and the retention of part of the PPT significantly increased. If the terminus of the
U3 long terminal repeat (LTR) is aberrant, RSV integrase can correctly process and integrate the normal U5
LTR into the host genome. However, the canonical CA is not involved in joining the aberrant U3 LTR to the
host DNA, generating either large duplications or deletions of the host sequences instead of the normal 5- or

6-bp duplication.

The RNA genome of retroviruses is copied into double-
stranded DNA by reverse transcriptase (RT). First (minus)-
strand DNA synthesis is initiated from a host tRNA primer.
Removal of this tRNA primer by RNase H defines the right
(US) end of the linear viral DNA. Second (plus)-strand
synthesis is initiated from a polypurine tract (PPT) primer
generated by specific RNase H cleavages of the RNA ge-
nome adjacent to U3. Subsequent removal of this PPT
primer by RNase H defines the left (U3) end of the linear
viral DNA (12).

The sequence of the PPT is important for the proper gen-
eration and removal of the PPT primer by RNase H (2, 4, 5, 8).
Mutations in either the 5" or the 3’ end of the human immu-
nodeficiency virus type 1 (HIV-1) PPT affect RNase H cleav-
age, reducing viral titer (3, 5, 8). Mutating the second and fifth
guanine residues (AAAAGAAAAGGGGGG) of the G tract
at the 3’ end of the HIV-1 PPT strongly affected cleavage
specificity in vivo (5). Altering the murine leukemia virus
(MLV) PPT also affected PPT cleavage (9, 10, 11).

We previously reported that alternate PPTs affected the
specific cleavages that generate and remove the PPT in a Rous
sarcoma virus (RSV)-derived vector (1) (Fig. 1C). Although
RSV RNase H was able to cleave the HIV-1 and MLV PPTs
correctly part of the time, the specificity of the cleavage was
greatly reduced; RSV RNase H consistently miscleaved the
HIV-1 and MLV PPTs, causing the insertion of the first G
(U3+1) of the PPT or the deletion of the first residue (A) of
U3 (U3-1) at the two-long-terminal-repeat (2-LTR) circle
junction. When the 3’ A of the RSV PPT was mutated to G
(RSV PPT2), RSV RNase H miscleaved RSV PPT2, leading to
the deletion of the first A residue in U3 (U3—1). In the case of
the DuckHepBFlip PPT (duck hepatitis B virus PPT in the
reverse orientation), the RSV RNase H preferentially cleaved
in U3 (U3+5) to cause the insertion of ATGTA; this ATGTA
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sequence is an exact duplication of the 5’ end of the RSV U3.
Replacing the endogenous RSV PPT with the alternate PPTs
reduced the relative titer (the titer corrected for the amount of
p27). HIV PPT, MLV PPT, DuckHepBFlip PPT, and RSV
PPT2 had relative titers of 26%, 32%, 38%, and 73% of the
wild-type titer, respectively. The fact that miscleavage by RSV
RT generates linear DNAs with aberrant ends raises the ques-
tion of how the aberrant DNAs are integrated by RSV inte-
grase (IN).

Recovery of full-length integrated viral DNA. Full-length
integrated viral DNAs were recovered as described previously
(6, 7). Recovered plasmids were sequenced, and the chicken
genomic sequences were analyzed by BLAT searches (http:
//genome.ucsc.edu/cgi-bin/hgBlat). Most of the proviruses de-
rived from infections with three of the mutant viruses (HIV
PPT, MLV PPT, and RSV PPT2) were integrated normally
(Table 1). In two cases, the U3 end was not appropriately
processed, but the integration event gave rise to a “normal”
provirus. One provirus containing the MLV PPT integrated
using an internal CA sequence in U3. In one of the RSV PPT2
proviruses, integrase removed one nucleotide from the U3 end
of the linear viral DNA, and the provirus had one nucleotide
beyond the canonical CA at the U3/host junction (Table 1).

Many of the aberrant integrations we report here, which
involve aberrant U3 ends, are reminiscent of the proviruses
generated from linear DNAs with aberrant US ends (7). Of the
proviruses from infections with three mutant viruses (HIV
PPT, MLV PPT, and RSV PPT2), eight proviruses had the
canonical CA sequence present only at the U5 LTR terminus
and the U3 LTR terminus was deleted (Fig. S1 in the supple-
mental material). None of these eight aberrant proviruses was
flanked by a 5- or 6-bp duplication at the target site. We also
recovered a provirus with a complicated junction at the U3
terminus (Fig. S1 in the supplemental material, panel AA).
The US-terminal CA sequence was joined appropriately to
chicken chromosome 1. However, there was an insertion of the
PPT and a flanking sequence (63 bp) at the end of the U3,
immediately followed by part of the pol sequence (542 bp),
which was then joined to chicken chromosome 1. The provirus
was flanked by a 5-bp duplication of the host DNA. The last
nucleotide of the pol sequence was homologous to the first
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