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The vpr sequences from six human immunodeficiency virus type 1 (HIV-1)-infected mother-infant pairs
following perinatal transmission were analyzed. We found that 153 of the 166 clones analyzed from uncultured
peripheral blood mononuclear cell DNA samples showed a 92.17% frequency of intact vpr open reading frames.
There was a low degree of heterogeneity of vpr genes within mothers, within infants, and between epidemio-
logically linked mother-infant pairs. The distances between vpr sequences were greater in epidemiologically
unlinked individuals than in epidemiologically linked mother-infant pairs. Moreover, the infants’ sequences
displayed patterns similar to those seen in their mothers. The functional domains essential for Vpr activity,
including virion incorporation, nuclear import, and cell cycle arrest and differentiation were highly conserved
in most of the sequences. Phylogenetic analyses of 166 mother-infant pairs and 195 other available vpr
sequences from HIV databases formed distinct clusters for each mother-infant pair and for other vpr sequences
and grouped the six mother-infant pairs’ sequences with subtype B sequences. A high degree of conservation
of intact and functional vpr supports the notion that vpr plays an important role in HIV-1 infection and

replication in mother-infant isolates that are involved in perinatal transmission.

Mother-to-infant transmission of human immunodeficiency
virus type 1 (HIV-1) occurs at an estimated rate of more than
30% and is one of the major causes of AIDS in children (1, 11,
17, 34, 43). In studies of the molecular characterization of
HIV-1 from mothers and infants with perinatal transmission,
we (2) and others (35, 42, 49) have shown a selective transmis-
sion of HIV-1 from mothers to infants, based on the sequence
analyses of HIV-1 envelope variable regions. Selective trans-
mission of HIV-1 has also been demonstrated in sexual trans-
mission from transmitters to recipients, including a homoge-
neous sequence population present in the recipients (32, 48,
52, 53). Factors influencing maternal-fetal transmission of
HIV-1 include advanced clinical stage of the mother, low
CD4" counts, maternal immune response to HIV-1 antigen-
emia, recent infection, high viral load in mothers, maternal
disease progression, and HIV-1 heterogeneity in the env region
of mothers (1, 2, 34, 43, 49). However, the viral determinants
involved in perinatal or sexual transmission are not known,
which makes it difficult to develop strategies for prevention
and treatment of HIV-1 infection in children. Nonetheless, it is
possible that several other regions of the HIV-1 genome in-
cluding accessory and regulatory genes are one of the viral
determinants associated with mother-to-infant transmission.
Recently, we have shown that an intact and functional vif open
reading frame was conserved in HIV-1-infected mother-infant
pairs following perinatal transmission (50). Along with vif,
HIV-1 encodes another accessory gene, namely, vpr, that is
conserved among diverse members of the primate immunode-
ficiency viruses and confers selection for its function in vivo
(15, 44, 46). We, therefore, sought to analyze vpr sequences
from mother-infant isolates following perinatal transmission.
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The vpr open reading frame encodes a 14-kDa virion- and
cell-associated protein (6, 10, 27) that is dispensable for HIV-1
replication in T-cell lines (4, 9) but is required for efficient
replication in primary monocytes/macrophages (4, 5, 7). Sev-
eral possible roles for Vpr in HIV-1 replication have been
suggested, including a modest transactivation of HIV-1 long
terminal repeat (6), enhancement of the nuclear migration of
the preintegration complex in newly infected nondividing cells
(16), and inhibition of the establishment of chronic HIV-1
infection (36, 40). In addition, Vpr has been shown to arrest
cells in the G,/M phase of the cell cycle (18, 40). Moreover,
Vpr has been reported to be capable of inducing latent cells
into high-level viral production (25). However, the role of Vpr
in AIDS pathogenesis is not very well understood. Lang et al.
(23) have shown that macaques infected with the simian im-
munodeficiency virus SIVmac239 defective in vpr progressed
to AIDS slowly compared to SIVmac239 containing a wild-
type vpr. In vitro studies have shown that generation of defec-
tive vpr genes results in viral persistence (20, 40) and loss of
cytopathogenicity (20). While some studies have demonstrated
an association between the presence of defective or mutated
vpr quasispecies and long-term nonprogressors of HIV-1 in-
fection (41, 47), others have shown a lack of correlation (8§, 51).
However, a complete analysis of vpr sequences following
HIV-1 mother-infant transmission has not been performed.
Mutations in the vpr gene may potentially affect mother-to-
infant transmission of HIV-1, since this gene is essential for
efficient viral replication in primary monocytes/macrophages
(4, 5, 7) and the macrophage-tropic viruses are believed to be
involved in transmission (31, 53).

To characterize the HIV-1 vpr isolates involved in mother-
to-infant transmission, we have analyzed the vpr sequences
from six infected mother-infant pairs following perinatal trans-
mission. We show that the vpr open reading frame was con-
served in most of the mother-infant pair sequences. The do-
mains required for Vpr function were also present in most of
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the mother-infant pair sequences, suggesting selection for Vpr
function in vivo. Taken together, these findings indicate that
vpr is important for HIV-1 infection and replication following
mother-to-infant transmission.

Patient population, sample collection, and clinical parame-
ters. This study was approved by the Human Subjects Com-
mittee of the University of Arizona, Tucson, Arizona, and the
Institutional Review Board of the Children’s Hospital Medical
Center, Cincinnati, Ohio, and written informed consent was
obtained for participation in the study. Blood samples were
collected from six HIV-1-infected mother-infant pairs, and the
ages of the infants at the time of specimen collection were 6
weeks (infant A), 4.75 months (infant B), 14 months (infant C),
28 months (infant D), 34 months (infant E), and 1 week (infant
F) following perinatal transmission. Mothers A, B, C, D, and F
and infants A, B, and F were asymptomatic, whereas mother E
and infants C, D, and E had symptomatic AIDS. Moreover,
mother E and infants C, E, and F were on zidovudine, and
infant D was on zalcitibine.

PCR amplification and cloning and sequencing of HIV-1 vpr
genes. The peripheral blood mononuclear cells (PBMC) were
isolated by a single-step Ficoll-Paque procedure (Pharmacia-
LKB) from whole-blood samples from HIV-1-infected mother-
infant pairs. DNA was isolated by a modified version of the
procedure described previously (2). TNE buffer (0.5 M Tris-
HCI [pH 7.5], 0.1 M NaCl, 1 mM EDTA) (0.5 ml) was used.
A two-step PCR amplification, first with outer primers
VIF5 (5'TGGCAGCAATTTCACCGGTACTA, positions
4580 to 4602, sense) and VPR1 (5’"CAACTTGGCAATGAA
AGCAACAC, positions 5916 to 5939, antisense) and then with
nested or inner primers VIF6 (S'TCAAGCAGGAATTTGG
AATTCCC, positions 4633 to 4655, sense) and VPR2 (5'GG
TACAAGCAGTTTAGGCTGACT, positions 5875 to 5898,
antisense), was performed to amplify vpr sequences from in-
fected patient PBMC DNA samples (2, 3). Equal amounts of
HIV-1 PBMC DNA were used from the patients as deter-
mined by end point dilution (13). The PCRs were performed in
a 25-pl reaction mixture containing 2.5 pl of 10X LA PCR
buffer which consists of 25 mM TAPS [tris(hydroxymethyl)-
methyl-amino propanesulfonic acid, sodium salt] (pH 9.3), 50
mM KCI, 2 mM MgCl,, 1| mM 2-mercaptoethanol, 400 pM
dATP, 400 pM dCTP, 400 uM dGPT, and 400 uM TTP, 0.2
wM (each) outer primer, and 2.5 U of TaKaRa LA Tagq poly-
merase (TaKaRa Biomedicals, Shiga, Japan). PCR was per-
formed for 35 cycles, with 1 cycle consisting of 30 s at 95°C, 45 s
at 50°C, and 3 min at 72°C. After the first round of PCR, 1 pl
of the product was amplified for 35 cycles with the correspond-
ing inner primers, with 1 cycle consisting of 30 s at 95°C, 45 s
at 55°C, and 3 min at 72°C. We also included a known HIV-1
NL 4-3 sequence for PCR amplifications as a control to assess
errors generated by TaKaRa LA Taq polymerase. The PCR
products amplified by inner primer pair VIF6-VPR2 that
yielded 1,246-bp fragments (not shown) were blunt ended by
DNA polymerase I (Gibco-BRL, Gaithersburg, Md.), treated
with T4 polynucleotide kinase (Gibco-BRL), and cloned into
the Smal site of pGem 3Zf (+) vector (Promega Corp., Mad-
ison, Wis.). The clones with the correct-size inserts were se-
lected for DNA preparation followed by nucleotide sequenc-
ing of 9 to 19 clones from each patient according to Sequenase
protocol (U.S. Biochemical Corp., Cleveland, Ohio).

Computer alignment and analysis of HIV-1 vpr sequences.
The nucleotide sequences of the vpr genes (288 bp) from the
six mother-infant pairs were translated to the corresponding
amino acid sequences (96 amino acids). Alignments were per-
formed by hand, as one position contained a gap. Pairwise
distances, defined as the percentages of mismatches between
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two aligned nucleotide sequences, were used to study the ex-
tent of genetic variability for sequences within an individual
and between mother and infant. For intraindividual variability
(within mothers’ and infants’ sequence sets), pairwise distances
were calculated for all possible comparisons of pairs of se-
quences within the set. For interindividual variability (between
mother-infant sets and between epidemiologically unlinked in-
dividual sets), each sequence from one set was compared with
each sequence of the other set. The selection pressure was
calculated as the ratio of nonsynonymous to synonymous sub-
stitutions (38) by comparing all possible pairs of sequences
between mothers and their infants. The phylogenetic analysis
was performed by using the software PHYLIP, version 3.5
(12). The tree was built from a distance matrix (function
DNADIST) by using the neighbor-joining method (function
NEIGHBOR). The robustness of the neighbor-joining tree
was assessed by bootstrap resampling of the multiple align-
ments (function SEQBOOT). We traced two trees, one for 166
vpr sequences from 6 mother-infant pairs with HIV-1 NL 4-3 as
a root and the second for 166 mother-infant pair vpr sequences
and 195 outgroup sequences found in the HIV databases.
These outgroup sequences were extracted by using Entrez ver-
sion 6.04 (45) and handled by using Sequin version 2.25 (19).

Analysis of vpr sequences in mother-infant isolates. The
alignment of multiple deduced amino acid sequences (96
amino acids) of 166 vpr clones from six mother-infant pairs and
subtype B consensus sequence is shown in Fig. 1. The coding
potential of the vpr open reading frame was maintained in
most of the sequences in 47,808 bp sequenced. We analyzed
166 different vpr clones, and 153 clones contained intact vpr
open reading frames, a 92.17% frequency of conservation of
intact vpr open reading frames. The frequency of defective vpr
genes in our six mother-infant pair sequences was 7.83%. We
found that a total of seven clones contained stop codons. In
addition, five clones (101G, SMB, 2IA, 8IA, and 10IA) lacked
initiation codons, and one clone (16IA) had a 90-bp (30-ami-
no-acid) deletion at the C terminus. Our vpr sequences dis-
played amino acid sequence patterns in each mother-infant
pair that were not seen in epidemiologically unlinked pairs
(Fig. 1). Interestingly, there were several amino acid motifs
present in most of the mother-infant pair sequences, including
an asparagine (N) at position 28, an alanine (A) or threonine
(T) at position 55, and a glutamine (Q) or arginine (R) at
position 77.

Comparison of vpr sequences of epidemiologically linked
mother-infant isolates. To determine the degree of variability
of the vpr gene from six mother-infant pairs, we analyzed
variation in nucleotide and amino acid sequences as shown in
Table 1. The nucleotide sequences of the vpr gene within
mothers (A, B, C, D, E, and F) differed by 2.2, 0.6, 0.8, 0.6, 2.5,
and 0.7 (median values), respectively, ranging from 0 to 5.3%.
The variability in sequences from the infants (A, B, C, D, E,
and F) was very similar to the variability in the sequences from
the mothers and differed by 0.8, 0.5, 1, 1.1, 1.5, and 1.5%
(median values), respectively, ranging from 0 to 3.7%. Inter-
estingly, the variability between mother-and-infant sets (epide-
miologically linked pairs A, B, C, D, E, and F) was also on the
same order of 2.4, 0.8, 1.2, 1.1, 2.9, and 1.6% (median values),
respectively, ranging from 0 to 5.3%. For mother-infant pairs
A, B, C, D, E, and F, the median values of amino acid sequence
variability of vpr were as follows: within mothers, 3.5, 1.6, 1.3,
0.6, 3.5, and 1.1%, respectively; within infants, 2.1, 0.9, 2.2, 2.0,
2.1, and 3.8%, respectively; and between epidemiologically
linked mother-infant pairs, 3.0, 1.3, 1.2, 1.3, 3.4, and 3.2%,
respectively. Moreover, there was no difference in variability of
vpr sequences with increasing infants’ age. We also determined
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FIG. 1. Alignment of multiple deduced amino acid sequences of the vpr gene of HIV-1 from six mother-infant pairs following perinatal transmission. In the six
mother-infant pair sequence designations, the letters A to F indicate the mother-infant pairs A, B, C, D, E, and F, respectively, the letter M indicates the mother and
the letter I indicates the infant in each mother-infant pair, and the numbers are the clone number. In the alignment, the top sequence (CON-B) is the consensus
sequence of the clade or subtype B as defined elsewhere (37). In the sequences, amino acids identical to those in the CON-B sequence (.), gaps introduced to maximize
alignment (—), and stop codons (asterisks) are shown. The number of identical clones is indicated in parentheses. Above the alignment, the asterisks indicate the amino
acids essential for Vpr function, including virion incorporation, cytoskeleton function, nuclear transport, and cell cycle arrest (10, 28-30).



6940 NOTES

J. VIROL.

TABLE 1. Distances in the vpr sequences within mothers, within infants, and between mother-infant pairs

% Distance for sequences”

Sequence Pair Within mothers Within infants Between mother-infant pairs

Min Median Max Min Median Max Min Median Max

Nucleotide A 0 2.2 5.3 0 0.8 2.5 0.3 2.4 5.3
B 0 0.6 1.9 0 0.5 1.6 0 0.8 2.5

C 0 0.8 1.9 0 1.0 2.2 0.3 1.2 2.5

D 0 0.6 1.6 0 1.1 2.8 0.3 1.1 2.5

E 0.3 2.5 5.3 0.3 1.5 2.8 0.9 2.9 5.0

F 0 0.7 2.2 0 1.5 3.7 0.6 1.6 4.0

Total® 0 1.1 5.3 0 1.0 3.7 0 1.5 5.3

Amino acid A 0 3.5 10.4 0 2.1 6.3 0 3.0 10.4
B 0 1.6 52 0 0.9 4.1 0 1.3 5.2

C 0 1.3 4.2 0 2.2 4.2 0 1.2 4.2

D 0 0.6 2.1 0 2.0 52 0 1.3 4.2

E 0 3.5 8.3 0 2.1 4.2 0 3.4 7.3

F 0 1.1 6.3 0 3.8 12.5 1.0 3.2 12.5

Total 0 1.8 10.4 0 1.9 12.5 0 2.0 12.5

“ Expressed as percent nucleotides (for nucleotide sequence) or percent amino acids (for amino acid sequence). Min, minimum; Max, maximum.

b Calculated from all the pairs taken together.

whether low variability of the vpr gene from mother-infant pair
isolates is due to the errors made by TaKaRa LA polymerase
used in our study. We rarely found any errors made by
TaKaRa LA polymerase when using a known sequence of
HIV-1 NL 4-3 for PCR amplifications and DNA sequencing of
the vpr gene. The median distributions of distances for se-
quences from the same mother and the same infant, between
epidemiologically linked mother-infant pairs, and between two
epidemiologically unlinked mothers were 1.1, 1.0, 1.8, and
5.8%, respectively (not shown). Thus, by using the sequence
distances of a conserved region, such as vpr, we were able to
easily differentiate the epidemiologically unlinked individuals
from epidemiologically linked mother-infant pairs. The se-
lective pressure on mother-infant pair vpr sequences was de-
termined by calculating the ratios of nonsynonymous and syn-
onymous substitutions and showed no evidence for positive
selection pressure for change. Comparisons of infant se-
quences with mother sequences from pairs A, B, C, D, E, and
F gave ratios of nonsynonymous to synonymous substitution,
d,/d,, of 0.07, 0.08, 0.1, 0.2, 0.08, and 0.3, respectively. Thus,
there was very little selection pressure (a ratio of <1) on vpr
sequences to change.

Phylogenetic analysis of vpr sequences of mother-infant iso-
lates. To determine the similarity relationships among the 166
vpr sequences from six mother-infant pairs and 195 other vpr
sequences from infected individuals present in HIV databases,
we performed phylogenetic analyses as shown in Fig. 2 and 3.
The phylogenetic tree traced for 166 vpr sequences revealed
that the six mother-infant pairs were well discriminated, sep-
arated, and confined within subtrees (Fig. 2), indicating the
absence of PCR product cross-contamination (21, 24). These
subtrees were equidistant from each other. The average dis-
tance between two sequences from different pairs (intersubtree
distance) ranged from 5% between pairs C and E to 8.8%
between pairs C and F. High bootstrap values further empha-
sized the separation between the subtrees as distinct clusters.
Bootstrap analysis performed on resampling the data sets 100
times formed the same clusters of the sequences 87 to 100
times in the six mother-infant pairs. Furthermore, the six sub-
trees showed homogeneous vpr sequences in which some se-
quences were intermingled.

In the second phylogenetic analysis (Fig. 3), 166 vpr se-

quences from six mother-infant pairs and 195 other available
vpr sequences were included. These additional vpr sequences
from several independent studies analyzing vpr genes from
infected individuals (14, 22, 41, 47, 51) and 48 other sequences
belonged to two main HIV-1 groups, group M (M for major)
and group O (O for outlier). Group M includes at least 10
distinct HIV-1 subtypes designated A to J, and we included
subtypes A, B, C, and D and recombinants A/C, A/E, A/G, and
A/D. The tree grouped the 361 sequences in a manner similar
to that for the env, gag, and vif genes (2, 42, 49, 50). The largest,
starlike cluster, contained all subtype B sequences, including
the six mother-infant pair sequences. Although diverging in-
dependently from the center of the subtype B, subtype D (ELI,
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FIG. 2. Phylogenetic analysis of vpr sequences from six mother-infant pairs
(A, B, C, D, E, and F). The distances were calculated between the nucleotide
sequences from the six mother-infant pairs. Each leaf of the tree represents one
vpr sequence. The mother sequences in each pair are labeled with the number of
the clones (Fig. 1), whereas the infant sequences are unlabeled. The tree was
rooted by using the reference HIV-1 sequence, NL 4-3 (37). The numbers at
branch points indicate the occurrence number of branches over 100 bootstrap
resampling of the data sets. The mother-infant pairs formed a distinct cluster and
are discriminated, separated, and confined within subtrees, indicating the ab-
sence of PCR product cross-contamination (21, 24).
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FIG. 3. Phylogenetic analysis of 166 mother-infant pair (A, B, C, D, E, and F) sequences and 195 other vpr sequences from HIV-1 databases. The sequences from
Kuiken et al. (22) are labeled Dutch (samples from Amsterdam Cohorts) and Scott (from Scottish samples). The sequences from Michael et al. (33) were obtained
from a long-term survivor, 3799, and two control patients CONTRL1 and CONTRL2. The sequences from Saksena et al. (41) were obtained from Australian patients
Aus890 and Aus1149. The sequences from Ge et al. (14) and Wang et al. (47) were obtained from two long-term nonprogressors (LTNPs) and drug users (IVDUs).
The other 45 sequences from the HIV databases belong to the following subtypes (accession numbers shown in parentheses): subtype B, MN (M17449), JRcsf
(M38429), PNLA4-3 (U26942), NY5 (M19921), clade B (U26546), PV22 (K02083), SF2 (K02007), HAN (U43141), D31 (U43096), WEAU (U21135), UK-Manchester
(UK-Man) (U23487), F12 (Z11530), 89.6 (U39362), and C1ISMBC (U37270); subtype A, U455 (M62320), Z321 (U76035), IbNg (L39106), and 92UG027 (U51190);
subtype C, 92BR025 (U52953) and ETH C2220 (U46016); subtype D, ELI (K03454), NDK (M27323), and 84ZR085 (U88822); subtype A/C recombinant, ZAM184
(U86780) and ZAM174 (U86768); subtype A/D recombinant, MAL (X04415); subtype A/E recombinants CM240 (U54771), 93TH253 (U51189), and 90CR402
(U51188); and subtype A/G recombinant, 92NG0003 (U88825) and 92NG083 (U88826). The largest, starlike cluster contained all subtype B sequences. Subtypes other
than B are indicated in parentheses after the isolate names. The six mother-infant pair sequences clustered with subtype B sequences.

NDK, MAL, and 84ZR085) appeared as distant from subtype
B sequences as two subtype B sequences. Subtype C, subtype
A/C, and subtypes A, A/E, and A/G were more distant from
subtype B and diverged in three separate lineages. In subtype
B, sets of sequences from the same individuals and from each
mother-infant pair were closely grouped in subtrees. Subtype B
sequences from different individuals were shown approxi-
mately equidistant from the others as if arising from a common
ancestor. The genetic distances among subtype B sequences,
intra- and interindividual distances included, was 6% on aver-
age, ranging from 0 to 18%. This value did not change when
subtype D was included. The average distance between sub-
types A and C and recombinant sequences was 10%, ranging
from 0 to 17%. We measured the global variability of subtype
B by generating a consensus sequence, supposedly at the cen-
ter of the subtree B, and comparing all subtype B sequences to
it. We generated the consensus sequence from the most fre-
quent nucleotide at each position of the alignment. The genetic
distances between the 335 subtype B sequences and the con-
sensus B sequence was 4%, ranging from 0.1 to 8%. When
subtype D sequences were included in the calculation, the vari-
ability around the consensus B sequence was up to 10%. Sub-
types A, C, and recombinants had genetic distances of 10 to
15% from the consensus B sequence, and group O had 21%
genetic distance from the consensus B sequence on average.
Conservation of functional domains required for Vpr pro-
tein function in mother-infant isolates. Three domains have
been classified in the Vpr protein (37) that are involved in
virion incorporation, oligomerization, nuclear transport, cell
cycle arrest, and differentiation. The first domain includes
amino acids 1 to 42 containing an oligomerization domain and
a putative a-helix (amino acid residues 17 to 34) required for
virion incorporation. The second domain encompasses an H(S/
F)RIG motif related with cytoskeleton function (28), a leucine/

isoleucine-rich sequence (LR motif from amino acids 60 to 81)
important for nuclear localization (30), a conserved dipeptide
(GC residues 75 and 76) and a potential a-helical motif (res-
idues 46 to 74) postulated to play a role in virion incorporation
and in the stability of Vpr (29). The third domain (residues 77
to 96) contains highly charged amino acids and is suggested to
be involved in cell cycle arrest and differentiation (10). The
NH,-terminal domain of the Vpr contains five negatively
charged amino acids that are highly conserved and predicts an
amphipathic «-helix (30, 31). Examination of vpr sequences
from six mother-infant pairs showed that the five negatively
charged amino acids at the same positions were highly con-
served (Fig. 1). In addition, the HFRIG motif related with
cytoskeleton function (25) was present in most of the se-
quences. Based on mutational analysis, several studies (10, 30)
have identified specific domains in Vpr required for virion
incorporation, nuclear import, and cell cycle arrest and differ-
entiation. The two glutamic acids at positions 21 and 24, the
hydrophobic polar leucines at positions 20, 22, 23, and 26, and
the alanine at position 59 that are required for virion incorpo-
ration of Vpr (30) were highly conserved in most of the 166 vpr
sequences analyzed. In six clones from pair D (2MD, 3MD,
6ID, 141D, 151D, and 16ID), alanine was substituted with va-
line. We then examined the nuclear transport properties of
Vpr that comprises glutamic acid at positions 21 and 24,
leucine at positions 20, 22, 23, 26, 67, and 68, and alanine at
position 59 (30) and found them to be highly conserved in most
of the mother-infant pairs’ vpr sequences analyzed (Fig. 1,
pairs A to F). The cell cycle arrest properties of Vpr that
require glutamic acid at positions 21 and 24, alanine at posi-
tions 30 and 59, leucine at positions 64 and 67, histidine at
position 71, glycine at position 75, and cysteine at position 76
(30) as well as arginine at positions 73 and 80 (10) were con-
served in mother-infant pairs’ vpr sequences (Fig. 1).
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We have provided evidence for maintenance of an intact vpr
open reading frame with functional domains conserved follow-
ing mother-to-infant HIV-1 transmission. The vpr sequences
directly derived from uncultured PBMC DNA of six mother-
infant pairs revealed a 92.17% frequency of conserved vpr
open reading frames. The functional domains required for Vpr
function, including virion incorporation (10, 30), predicted
a-helix formation (29), nuclear localization (10, 30), and cell
cycle arrest and differentiation (10, 28, 30), were highly con-
served in most of the vpr sequences from the mother-infant
pairs. Our results also show a low degree of variability of vpr
sequences following mother-to-infant transmission. However,
the epidemiologically linked mother-infant pair vpr sequences
were easily distinguishable from epidemiologically unlinked
individuals. Taken together, these findings suggest that there is
a selection mechanism in vivo that maintains intact and func-
tional vpr open reading frames (15), making vpr necessary for
HIV-1 infection and replication in mothers and infants during
perinatal transmission.

The data presented here demonstrated that the coding po-
tential of the vpr open reading frame was maintained in most
of the sequences in 47,808 bp sequenced, except for seven
sequences containing stop codons, five lacking initiation co-
dons, and one having a deletion (Fig. 1). Our results are con-
sistent with the earlier published limited analyses of vpr se-
quences from one infected patient (33), the C terminus of Vpr
from several infected patients (48), and some long-term pro-
gressors (8, 52). In contrast, defective vpr genes clustering at
the C terminus have been shown in some long-term nonpro-
gressors (42, 48). The frequency of defective vpr genes in our
six mother-infant pairs was 7.83% and was comparable to but
lower than vif (10.2%) (50) and higher than those observed for
gag (1.5%) (26) and nef (3.3%) (39) genes. Interestingly, the
Vpr amino acid sequences of each mother-infant pair dis-
played a pattern that was not seen in epidemiologically un-
linked pairs (Fig. 1), as also observed in the analyses of V3
region (2) and vif (50) sequences of the same mother-infant
pairs. In addition, several amino acid motifs, beside the func-
tional domains, were conserved in most of sequences at posi-
tions 28, 55, and 77, including an aspargine (N) at position 28
that is highly conserved in most of the macrophage-tropic but
not in all lymphotropic clones and consensus clade B se-
quences (37).

Phylogenetic analysis performed on the vpr sequences from
the six mother-infant pairs clearly demonstrated that the six
pairs were well discriminated, separated, and confined with-
in subtrees (Fig. 2), indicating the absence of PCR product
cross-contamination (21, 24). In addition, these vpr sequences
formed distinct clusters and grouped with subtype B sequences
when subjected to a phylogenetic analysis with 195 vpr se-
quences of several subtypes present in HIV databases (Fig. 3).
These results are consistent with the phylogenetic analyses of
other genes such as vif (50) and env (2, 49). Our data also
suggest that the low variability of vpr sequences was not due to
errors made by TaKaRa polymerase but to persistence in vivo
and was in agreement with those reported for infected individ-
uals (22) and for vif (50) and gag (26, 32) genes. There was no
evidence for a positive selection pressure for changes in vpr
sequences by immune responses (38). In contrast, the env V3
region sequence from the same mother-infant pairs’ isolates
showed a positive selection pressure for change (2), thus har-
boring variable sequence population containing several vari-
ants or genotypes (2, 35, 49). HIV-1 vpr (as vif [50] or gag [26])
evolves with little selection pressure for change, and the moth-
ers’ variants persist in their infants. Evidence for this conclu-
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sion is provided by a low variability of and little selection
pressure for change in mother-infant vpr sequences.

There seems to be a selection for Vpr function in mother-
infant vpr sequences, consistent with data from a recent pub-
lished report that suggested a selection of Vpr function in vivo
(15). The functional domains required for Vpr function, in-
cluding the two glutamic acids at positions 21 and 24, four
leucines at positions 20, 22, 23, and 26, and an alanine at
position 59 required for virion incorporation of Vpr (10, 30),
were highly conserved, indicating that Vpr is required early in
viral replication. The other functional domains, such as
HFRIG related to cytoskeleton function (28), the glutamic
acid at positions 21 and 24, leucine at positions 20, 22, 23, 26,
67, and 68, and alanine at position 59 required for nuclear
transport (29), and the glutamic acid at positions 21 and 22,
alanine at positions 30 and 59, leucine at positions 64 and 67,
histidine at position 71, glycine at position 75 and cysteine at
position 76 (30) as well as arginine at positions 73 and 80 (10)
essential for cell cycle arrest, were also conserved in most of
the 166 vpr sequences (Fig. 1). Mutational analysis of Vpr has
revealed that these amino acids at the positions described
above are critical for Vpr function (10, 28, 30). Our data on vpr
sequences from six mother-infant pairs, the closest in vivo
situation, is consistent with earlier reports on Vpr functional
analysis performed in vitro (10, 30). Furthermore, we have
recently shown a similar conservation of the functional do-
mains for another accessory gene, vif, derived from the same
mother-infant pairs following perinatal transmission (50).

Although maternal-fetal transmission of HIV-1 may be mul-
tifactorial in nature, identification of viral factors or determi-
nants involved in maternal transmission may provide insights
toward the development of strategies for prevention and treat-
ment. Since vpr is conserved among primate immunodeficiency
viruses (15, 44, 46) and required for efficient HIV-1 replication
in primary monocytes/macrophages (4, 5, 7), it may have a role
in transmission because macrophage-tropic isolates are be-
lieved to be involved in transmission (31, 53). The data pre-
sented here on 92.17% frequency of intact vpr open reading
frames and conserved functional domains for Vpr activity sup-
port the notion that vpr is important for HIV-1 pathogenesis in
maternal-fetal isolates and may be one of the viral determi-
nants of perinatal transmission.

Nucleotide sequence accession numbers. The 166 vpr se-
quences from six mother-infant pairs have been submitted to
GenBank with accession no. AF042864 to AF043029.

We thank Raymond C. Baker, Children’s Hospital Medical Center,
Cincinnati, Ohio, for providing blood samples from HIV-1-infected
mother-infant pairs; Scott Martin and Ulrike Philippar for technical
help; and John J. Marc