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Sequence Note

A Computer Program Designed to Screen Rapidly for HIV
Type 1 Intersubtype Recombinant Sequences

ADAM C. SIEPEL, AARON L. HALPERN, CATHERINE MACKEN, and BETTE T.M. KORBER

etection of recombinant genomes involving the genetically

distinct HIV-1 subtypes is a current problem of immense
importance!~3; if such intersubtype recombination occurs with
notable frequency, the already formidable challenge of devel-
oping vaccines against multiple subtypes is further complicated.
Here we describe a simple and rapid heuristic method for de-
tection of recombinant sequences (or more broadly, mosaic se-
quences), and its application to the env and gag coding se-
quences in the HIV Sequence Database.*

The computer program developed, called the Recombinant
Identification Program (RIP), quickly provides summary infor-
mation describing large sets of sequences (e.g., Table 1) and
more detailed output describing particular sequences (e.g., Fig.
1). Two sequence sets with compatible alignments are required
as input: a “background” alignment with subtype designations
(currently HIV-1 subtypes A-H have been defined?), and an
alignment of query sequences to be screened one at a time.
Alignments may be either of nucleotide or amino acid se-
quences. The RIP first generates a consensus sequence to rep-
resent each subtype as delineated in the background alignment.
A consensus threshold option allows the user to select a mini-
mal frequency for the most common character in a given posi-
tion for inclusion in the consensus sequence. As different
thresholds occasionally suggested an additional recombinant, it
is important to explore a range of thresholds. Second, the RIP
slides a window of user-specified size, one position at a time,
along the length of the query sequence and the aligned sub-
typed consensus sequences, and evaluates which subtype con-
sensus is most similar to the query within each window.
Similarity is defined as the fraction of matching characters. The
center position of each window is marked with the appropriate
subtype (see Fig. 1). A query sequence is identified as a po-
tential intersubtype recombinant in the summary output if it
bears a significant resemblance to one subtype in one region
and another subtype in another region (Table 1b).

Two program options are important for how the RIP defines
window boundaries. The first option is an “informative mode,”
which can decrease the number of ambiguous results in regions

that are conserved across subtypes. When the informative mode
is active, the RIP counts only informative positions, defined as
positions at which at least one subtype consensus sequence dif-
fers from the others, when it determines window boundaries in
relation to a central or reference position. The second option
relates to the handling of gaps inserted to maintain alignment.
The RIP can either “squeeze” gaps, meaning that gaps are con-
sidered except in positions where the query and all subtype con-
sensus sequences are represented by a gap, or it can “strip”
gaps, meaning that it ignores positions at which the query or
any one of the subtype consensus sequences is represented by
a gap.

The best-matching subtype within each window is qualified
by a measure of confidence that is obtained by comparing the
distance between the query and the subtype consensus it
matches best, to the distance between the query and the sub-
type consensus it matches second-best. Confidence is calculated
using a z test, assuming that (1) each site evolves independently
according to the same process, and (2) the binomial distribu-
tion that theoretically resuits from the use of Hamming dis-
tances assuming independence of sites can be approximated by
a normal distribution. Note that the calculations with respect to
overlapping windows are not independent. For this reason and
others, possible recombinants must be subjected to further phy-
logenetic analysis for confirmation. The detailed output of the
RIP, as shown in Fig. 1, can help identify the region of poten-
tial cross-over sites to facilitate such subsequent analysis.

The RIP was used to scan 211 HIV-1 env sequences and 85
HIV-1 gag nucleotide sequences, using the most current align-
ments in the HIV Sequence Database,* and results were com-
pared with the recent findings of Robertson and co-workers
based on phylogenetic analyses.>> (Table 1 provides a sum-
mary of the env analysis; gag intragenic and intergenic analy-
ses are not shown due to space limitations, but will be reported
in the 1995 edition of Human Retroviruses and AIDS.) Most
sequences showed significant matches to only one subtype
(Table 1a). Those that matched more than one subtype included
9 of the 12 intragenic recombinants noted by Robertson et al.23

Theoretical Biology and Biophysics (T10), Los Alamos National Laboratory, Los Alamos, New Mexico 87545.

1413



1414 SIEPEL ET AL.

TABLE 1. PROGRAM OUTPUT SUMMARIZING A SCAN OF 211 env SEQUENCES IN Los ALAMOS DATABASE?®

a. Representatives of the 202 sequences that showed no evidence of recombination

Subtype

Locus A B C D E F G H

KENYA 1540(996) 0(0) 0(0) 0(0) 0(0) 0(0) 0(0) 0(0)
SF1703 1461(990) 0(0) 0(0) 0(0) 0(0) 0(0) 0(0) 0(0)
GUN 0(0) 1500(1329) 0(0) 0(0) 0(0) 0(0) 0(0) 0(0)
TB132 0(0) 1740(1740) 0(0) 0(0) 0(0) 0(0) 0(0) 0(0)
ZAM18A 0(0) 00)  2095(2095) 0(0) 0(0) 0(0) 0(0) 0(0)
92BR025 0(0) 0(0) 462(462) 0(0) 00 0(0) 0(0) 0(0)
UG269A 0(0) 0(0) 0(0) 1698(1698) 0(0) 0(0) 0(0) 0(0)
92UG046 0(0) 0(0) 0(0) 1051(1051) 0(0) 0(0) 0(0) 0(0)
CAR4071 0(0) 0(0) 0(0) 0(0) 1150(1150) 0(0) 0(0) 0(0)
CARELO 0(0) 0(0) 0(0) 0(0) 983(983) 0(0) 0(0) 0(0)
BZ126A 0(0) 0(0) 0(0) 0(0) 0(0) 1432(679) 0(0) 0(0)
CAR4067 0(0) 0(0) 0(0) 0(0) 0(0) 0(0) 290(166) 0(0)
CA13 0(0) 0(0) 0(0) 0(0) 0(0) 0(0) 0(0) 631(631)
Z3 0(0) 0(0) 0(0) 0(0) 0(0) 0(0) 0(0) 0(0)

b. Nine possible recombinants

CAR286A  418(418) 0(0) 0(0) 0(0) 0(0) 0(0) 53(53) 0(0)
CAR423A 345(345) 0(0) 0(0) 0(0) 0(0) 0(0) 13(13) 0(0)
DI263A 1619(1560) 0(0) 0(0) 0(0) 99) 0(0) 0(0) 0(0)
UG266A* 94(94) 0(0) 000) 1677(1677) 0(0) 0(0) 0(0) 0(0)
CAR4039 116(116) 0(0) 0(0) 0(0) 722(387) 0(0) 0(0) 0(0)
VIS25A* 0(0) 0(0) 0(0) 0(0) 99) 000) 744(742) 0(0)
CARA4081 445(406) 0(0) 0(0) 0(0) 0(0) 0(0) 32(32) 0(0)
KI124A* 583(336) 0(0) 000) 1143(1143) 0(0) 0(0) 0(0) 0(0)
ZAM184* 380(264) 0(0) 205(205) 0(0) 0(0) 0(0) 0(0) 0(0)

aThose previously identified by Robertson et al.2* are marked by asterisks. Values outside parentheses indicate the number
of windows in which a query sequence is significantly similar to the consensus of a given subtype; values inside parentheses in-
dicate the maximum number of those that are consecutive. Note that the unclassified sequence among these, Z3,* had no win-
dow that gave a significant association with any one subtype. Subsequent phylogenetic analysis could not confirm that four of
the sequences identified as possible recombinants (CAR286A, CAR423A, DJ263A, and CAR4081) actually were hybrids. For
this run, the window size was 200 nucleotides, informative mode was off, and matches were considered significant if they oc-
curred with at least 90% certainty, as calculated by the method described in this article.

(5 of 7 in gag and 4 of 5 in env; Table 1b). The two disagree- nus of that region, which led the RIP to evaluate best matches
ments with Robertson e al. in gag may have been due to a lack  as uncertain. The third disagreement, an A/D recombination site
of divergence among subtypes F, G, and H near the 3’ termi- in HIVMAL envelope, presumably occurred because the seg-
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FIG. 1. A representative segment from the program output for CAR4039, including the putative 3’ cross-over site. The top
line is the query sequence, the next eight lines represent signature patterns® of subtype consensus sequences with respect to the
query sequence, and the bottom two lines indicate the subtypes that the query most resembles in various windows. In the sig-
nature patterns, periods (“.”) represent identity between the consensus and query sequences, letters represent consensus bases not
found in the query sequence, and question marks (“?”) indicate positions lacking a clearly defined consensus, with a consensus
threshold level set at 50%. Best-matching subtype letters are positioned at the center of corresponding windows. They are pro-
vided only for columns that (1) lack gaps and question marks, and (2) are “informative,” meaning that all subtype signature bases
at that position are not identical. Capital letters indicate an absolute similarity greater than or equal to 90%, and lower-case let-
ters a similarity less than 90%. Here the cross-over site can be approximated by the point at which “a”s change to “e”s. Carets
(“/\“) beneath the subtype names indicate a statistical confidence of 90% and plus signs (“+”) indicate a confidence of 95%.
The window size is 30 informative sites.
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FIG.2. Neighbor-joining trees, constructed using PHYLIP'®
with intersequence distances computed by the Kimura two-pa-
rameter method, for three env segments of CAR4039, an A/E
hybrid: (a) the 5' segment, positions 1-612; (b) the interior
segment, positions 613-878; and (c) the 3’ segment, positions
879-1483. The positions are numbered according to the
CAR4039® sequence. Likely cross-over sites were estimated
using a chi-square optimization procedure,? with a four-se-
quence alignment including CAR4039, DJ264A, CARMBA,
and SIVCPZGAB (the last three being arbitrary representa-
tives of an A, an E, and an outgroup). Subtypes represented
by more than one sequence are labeled with bootstrap values
of the form neighbor-joining/parsimony (e.g., 94/98).
Neighbor-joining bootstrap values were calculated with
PHYLIP, and parsimony bootstrap values with PAUP!!; 100
replicates were used in both cases. Note the high bootstrap val-
ues grouping the interior segment of CAR4039 with the A-
clade. Sequence names of the form HUOXXXX contain the
accession numbers of DAIDS- and WHO-sequenced samples
from Thailand.
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ment putatively belonging to subtype A is short (98 bp)?> com-
pared to the window sizes that we found practical. The RIP did
correctly identify HIVMAL as an intergenic recombinant, as
the subtype designations of A in gag and D in env were clear.
The hybrid character of HIVMAL has been known since
1988.3- In addition to the nine corroborations with Robertson
et al., five novel mosaic sequences were identified in env (Table
1b). In one of these, the env portion of CAR4039,” the case for
intra-env recombination between subtypes A and E was strongly
supported by phylogenetic analysis (Fig. 2). CAR4039 is from
the Central African Republic, where E and A subtypes are co-
circulating. The other four were only weakly supported by tree
analyses, perhaps because the regions in question are not phy-
logenetically informative enough for confirmation, or because
spurious results were obtained with RIP due to the lack of clear
local subtype definition. Over small regions, the question of
whether a mosaic sequence is the result of recombination or
lack of divergence can be difficult to resolve. Using our method,
the percentage of sequences with intragenic, intersubtype re-
combination events observed in env is about 4% (9 of 211). We
are currently exploring whether a more detailed representation
of subtypes than a simple consensus sequence will permit a
more accurate detection of recombinants.

The automatic, sliding-window method for detecting inter-
subtype recombination as implemented by the RIP allows ex-
tremely rapid scanning of large sets of sequences with reason-
able accuracy. It is likely that the window-sliding increment of
1 bp will allow detection of some recombinants that would be
missed using tree analyses and “bootscanning” methods,® which
due to their more labor-intensive nature use a larger window-
sliding increment (e.g., 150 bp). A version of the RIP written
in C++ for UNIX is available at the Human Retroviruses and
AIDS ftp site: atlas.lanl.gov, in the directory pub/aids-
db/PROGS/RIP.
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