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Phylogenetic Analysis of the HIV-1 nef Gene from Korean Isolates
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Previous phylogenetic studies on human immunodeficiency virus type 1 (HIV-1) isolated from Korean
patients suggest that the major subtype of Korean isolate is subtype B. In this subtype, some of the
Korean isolates seem to be clustered exclusively of foreign isolates. Presence of this so-called “Korean
clade” among Korean isolates is unique but needs verification since the number of Korean isolates used
in previous studies was limited. This study aimed to identify the presence of the “Korean clade” by molec-
ular phylogenetic analysis using all the Korean nef gene sequences registered in the NCBI GenBank
(N=243) together with 32 reference strains and 77 foreign isolates. Extensive analysis of the nef gene nucle-
otide sequences by neighbor-joining method revealed the following. Most (83.1%) of the Korean isolates
belonged to subtype B, and 81.2% of subtype B were clustered together and excluded foreign isolates
(bootstrap value=91.9%). Within Korean subtype B cluster, no characteristic subcluster formation was
evident since the bootstrap values for the subcluster were very low. Due to limited information, the phy-
logenetic analysis failed to identify the epidemiological linkage among specific groups such as homosex-
uals and hemophiliacs within the Korean subtype B cluster. Detailed analysis and epidemiological

information are needed to clarify the origin and significance of the Korean subtype B cluster.
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Since the first identification of AIDS (acquired immuno-
deficiency syndrome) in 1981, AIDS has become the
leading cause of mortality around the world. Human
immunodeficiency virus (HIV) is the causative agent and
destroys the immune system by infecting CD4+ helper T
cells. In Korea, the first identification of AIDS was made
in 1985, and it was reported that 2,122 individuals have
been infected with HIV as of March 2003. Of these HIV-
infected people, 347 developed AIDS (Press release from
Korean National Institute of Health, April 15, 2003).
Although this figure is lower than that in the United States
of America, Europe, Southeastern Asia or Africa, the
number of HIV-infected and/or AIDS patients in Korea
continues to increase. Furthermore, the recent mode of
HIV transmission tends to be different from the mode of
transmission in the early days.

Molecular phylogenetic analysis has become a valuable
tool for the study of the evolutionary and systematic relation-
ships among various organisms or genes of interest. In the
case of HIV-1, the analysis of different HIV-1 genes illus-
trates the distinctive aspects of the molecular evolution of the
HIV-1 viruses. The pol gene encoding reverse transcriptase is
highly expressed in virions (Layne ef al., 1992) and is immu-
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nogenic in the early response to HIV-1 (Hosmalin ez al.,
1990). From the analysis of a large population, polymor-
phisms in the pol gene were demonstrated to be evident at
sites of least functional or structural constraint and were fre-
quently associated with particular host HLA class 1 alleles,
suggesting the selective evolution of HIV-1 at a population
level (Moore et al., 2002). The env gene has been shown to
show the most extensive evolutionary convergence, possibly
because of its primary role in cell infection (Alkhatib et al.,
1996), cytotropism (Chesebro et al., 1996), and because it is
a recognition site for neutralizing antibody and cytotoxic T
lymphocytes (Goudsmit et al., 1988; Tsubota et al., 1989). In
fact, phylogenetic analysis of the erv gene has been fre-
quently used for molecular epidemiology. Although the nef
gene encodes the transactivating factor (p27), it is also
believed to be involved in the pathogenicity of HIV-1 (Kirch-
hoff et al., 1995). Zanotto et al. (1999) presented evidence for
the strong positive selection in the nef gene from genealog-
ical analysis of a hemophiliac patient over 30 month of infec-
tion using the maximum likelihood method.

Attempts have been made to understand the molecular
phylogenetic relationships among the HIV isolated from
Korean patients by analyzing the nucleotide or amino acid
sequences of the nef (Kang et al., 1998), pol (Sung et al.,
2001), and env genes (Kim er al., 1999a; Kim et al.,
1999b). In analyses of Korean HIV isolates, these workers
were able to conclude that HIV-2 is rare in Korea and that
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most of the HIV-1 isolated from Koreans belongs to sub-
type B. Moreover, a majority of the Korean subtype B iso-
lates seems to be clustered together, forming a “Korean
clade”, which contains no foreign isolates. However, pre-
vious approaches used a limited number of Korean HIV
isolates and did not include appropriate outgroups for
phylogenetic analysis. In this study, we undertook to ana-
lyze all Korean HIV-1 isolates reported to the NCBI
GeneBank in an effort to verify the existence and meaning
of the Korean subcluster in subtype B.

Materials and Methods

Obtaining the nef nucleotide sequences

Total of 352 nef nucleotide sequences were analyzed in
this study. Two hundred and sixty seven HIV-1 nef
nucleotide sequences from Korean isolates are regis-
tered at NCBI GenBank. The 267 nef nucleotide
sequences were obtained by searching for “hiv-1 AND
nef AND Korea” in the GenBank database (http://
www.ncbi.nlm.nih.gov/entrez/). Of the 267 nef nucle-
otide sequences, 24 sequences were too short for anal-
ysis and 243 sequences with more than 500 nucleotides
were used for phylogenetic analysis. Foreign nef
sequences were selected by choosing the corresponding
most closely matching sequences using Blast (http://
www.ncbi.nim.nih.gov/BLAST/). Since many foreign
sequences were selected redundantly, the number of
unique foreign sequences was 127. Of these 50
sequences were excluded since they were from the
same patients or had identical sequences, thus 77 for-
eign sequences were included in this study. Also
included in this study were 32 nef nucleotide sequences
from HIV-1 reference strains: 92UG037, 97CDKTB48
and U455 for subtype A; HXB2, JRFL, WEAU160,
SF162, RF and OYI for subtype B; 92BR025 and
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ETH2220 for subtype C; ELI and NDK for subtype D;
CM240 for subtype E; 93br020 and 95CM-MP255 for
subtype F; SE6165 and 92NGO83 for subtype G;
90CRO56 for subtype H; SE9280 for subtype J; 96CM-
MP535 for subtype K; YBF30 for subtype N;
MVP5180 for subtype O; 94CY032-3, 96TZ-BF061,
97CN001, ARMAI159, BFP90, DJ263, GR17, KAL
153 and VI1310 for recombinant subtypes. The nef
sequences of the reference strains were identified using
the HIV SEQUENCE DATABASE (http:hiv-web.lan].
gov/content/hiv-db/mainpage.html). The NCBI accession
numbers of the nef nucleotide sequences analyzed in
this study are listed in Table 1.

Construction of phylogenetic trees

The 352 nef nucleotide sequences were aligned using
ClustalX program (Thomson et al., 1997), and the resulting
alignments were confirmed by manual editing. Similarity
tests on the nef nucleotide sequences and phylogenetic tree
construction were conducted using a DNASIST program
and the NEIGHBOR program included in the PHYLIP
package (Felsenstein er al, 1989; 1993). The distance
matrix was obtained by using Jukes-Cantor and Kimuras
method. And, cluster analysis was performed by Neighbor-
joining, placing subtype O as an outgroup. Constructed
phylogenetic trees were confirmed using the TreeView pro-
gram (Page, 1996). The significance of the phylogenetic
trees was verified by bootstrap analysis. Phylogenetic trees
were constructed from one thousand replicates generated
by the SEQBOOT program and the consensus tree was
identified using the CONSENSE program. The resulting
trees were too large to be seen clearly in an off-line print
version of this manuscript, and computer files in Microsoft
Powerpoint or Adobe Acrobat Reader format will be avail-
able upon request by e-mail to the corresponding author

(mailto:chlee @chungbuk.ac.kr).
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Fig. 1. Unrooted tree of 352 nef nucleotide sequences from 243 Korean isolates, 77 foreign isolates and 32 reference strains. All sequences were obtained
from the NCBI GeneBank database. The tree was constructed using Jukes-Cantors model and the Neighbor-joining method in the PHYLIP package.
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Results and Discussion

Analysis of the phylogenetic tree based on nef nucleotide
sequences: presence of Korean subtype B cluster

An unrooted phylogenetic tree of 352 HIV-1 nef nucle-
otide sequences from 32 HIV-1 reference strains (Kuiken
et al., 2001), 243 Korean isolates and 77 foreign isolates
was constructed using Jukes-Cantors model and the
neighbor-joining method (Fig. 1). The nef nucleotide
sequences from subtype O and subtype N reference
strains were used as outgroups. The reliability of the tree
was estimated by bootstrap analysis. The 352 nef nucle-
otide sequences were divisible into five groups containing
subtype B (bootstrap value=96.2%), subtype D (bootstrap
value=98%), subtype A (bootstrap value=74.4%), subtype
G (bootstrap value=83.8%) and other subtypes. Each
group was comprised of subtype-specific reference
strains. Korean isolates and foreign isolates were included
in each of these groups. The biggest group was identified
to be subtype B. Of the 243 Korean isolates, 202 belonged
to subtype B (83.1%), 6 to subtype D (2.5%), 9 to subtype
A (3.7%), 13 to subtype G (5.3%), and 13 to other sub-
types (5.3%). In order to find the subtype for each isolate,
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Fig. 2. Phylogenetic analysis of the subtype B nef nucleotide sequences.
The tree includes 265 nef nucleotide sequences belonging to subtype B,
of which 202 are from Korean isolates. Only bootstrap values greater
than 50% are asterisked (*) in the tree. For easy identification, suffices
are attached to the GeneBank accession numbers of each isolate from
each patient described in the GeneBank database; HO, homosexuals,
and HP, hemophiliacs. Korean isolates are indicated by #K.
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please refer to Table [.

As reported previously (Kang et al., 1998; Kim et al.,
1999a), the majority of Korean isolates were found to
belong to subtype B. This subtype B group included 202
Korean isolates and 73 foreign isolates, and some of the
widely used subtype B reference strains such as, HXB2,
JRFL, WEAU160, SF162 and RF. The bootstrap value for
subtype B was 96.2%, indicating that the subtype B group
is distinct from the other subtypes. A careful look at the
subtype B group revealed a big subcluster, containing 164
Korean isolates exclusively of any foreign isolates or ref-
erence strains. This subcluster of Korean isolates-only
appeared to be similar to the “Korean clade” or “Korean
cluster” mentioned by other investigators (Kang et al.,
1998; Sung et al., 2001). We named this subcluster the
“Korean subtype B cluster” rather than the “Korean
clade” since the term clade is defined as a group that
shares a common ancestor that is not shared by any other
group outside the clade (Li and Grauer, 1991), and the
basis of this Korean subtype B cluster is not clear at this
time. The Korean subtype B cluster appeared to be very
tightly clustered with a bootstrap value of 91.9%, and to
consist of 81.2% of Korean isolates of subtype B. This
figure also means that the Korean subtype B cluster
accounts for 67.5% of all Korean HIV-1 isolates.

Analysis of Korean subtype B cluster: absence of mean-
ingful subclusters within

Since the Korean subtype B cluster forms a large group, the
possibility of the existence of a subcluster of moderate size
within the Korean subtype B cluster was investigated.
Although some isolates appeared to form a small subcluster,
the presence of moderately-sized subclusters could not be
confirmed (Fig. 2). In fact, with a lower-than-normal thresh-
old bootstrap value of 50%, meaningful subclusters were
composed of 2 to 9 isolates. Most (80%) of the subclusters
consisted of 2 or 3 isolates and only 5 subclusters contained
more than 5 isolates. Moreover, a majority (24 out of 45
subclusters with bootstrap values higher than 50%) of the
subclusters were found to be composed of HIV-1 isolates
from the same patients taken at different times as judged by
the codes of the isolates. For example, a subcluster of 6 iso-
lates from the same patient who had an initial of LSK
included AF462709 (93LSK10-144), AY221655 (95LSKS-
150), AF238274 (96L.SK7-151), AF272003 (OLSK2), AF-

J. Microbiol.

462712 (01LSK2[1]), and AF462713 (01L.SK2[2}). In some
cases, the codes of isolates did not have any information on
the name of the patients (for example, KU1, etc), and we
classified these isolates as different sources, although they
may in fact have been from the same patient (see below).

Another characteristic of Korean subtype B cluster is
that the middle branches with very short and similar
lengths to each subcluster from the branching point,
which separates Korean subtype B cluster from the other
B subtype. The presence of the middle branches is rather
ambiguous. On the other hand, the terminal branches to
each isolates are relatively long and diverse in length.
The short middle branches may account for the difficulty
of identifying the presence of the distinctive meaningful
subclusters within Korean subtype B cluster. According
to the phylogenetic analysis of the pl9 gag and V3
region of env from 9 Swedish patients with known infec-
tion routes and time (Leitner er al, 1996), similar phy-
logenetic trees were constructed by applying different
analytical methods, such as Neighbor-joining, Fitch-Mar-
goliash, and Maximum-likelihood. However, all of these
methods resulted in an overestimation of short branches
and an underestimation of long branches. Application of
a rather complex base-substitution model did not improve
the results. Therefore, the short middle branches and long
terminal branches might be due to errors inherent in the
analytical method.

Analysis of amino acid sequence

The amino acid sequences of the nef gene were also ana-
lyzed using the Neighbor-joining and Weighed-joining
methods with bootstrap calculations. The overall structure
of the phylogenetic tree appears to be very similar to that
of the nucleotide sequence-based tree (data not shown). As
with the nucleotide analysis, the Korean cluster seemed to
be present in subtype B, and again there are no distinctive
subclusters within this Korean subtype B cluster. The boot-
strap values for the overall cluster were much lower than
those of the nucleotides; probably due to the shorter length
of the amino acid sequence. Although the Korean subtype
B cluster showed a relatively low bootstrap value of
12.6%, the individual isolates in this cluster coincided with
those grouped as the Korean subtype B cluster from the
nucleotide analysis, without exception, further confirming
the existence of the Korean subtype B cluster.

Table 2. Nef nucleotide sequence diversity among subtype B from Korean isolates

Clusters

Mean+SD* (Minimum-Maximum)

Mean + SD” (Minimum-Maximum)

Subtype B, total

Korean subtype B cluster

Other subtype B

Korean subtype B cluster: Other subtype B

10.8+3.99% (0-36.1%)
8.4+3.6% (0-36.1%)

10.6+3.1% (0-21%)

12.7£3.2% (6.6-33.7%)

10.5+£3.4% (0-30.6%)
8.0%2.6% (0-23.6%)

10.6+3.1% (0-21%)

12.5+2.7% (6.6-30.6%)

“Differences in nef nucleotide sequences from 202 Korean HIV-1 isolates

*Differences in nef nucleotide sequences from 200 Korean HIV-1 isolates, after deleting AF462783 and AF462785



Vol. 41, No. 3

Nef nucleotide sequence diversity among subtype B from
Korean isolates

The relativities of isolates in a cluster could be determined
by measuring the genetic distance within a cluster or inter-
clusters. Differences in nef nucleotide sequences in 202
subtype B, 164 Korean subtype B cluster, and 38 other
subtype B were calculated (Table 2). Difference between
Korean subtype B cluster and other subtype B was also
calculated. The nef nucleotide sequence diversity was
lowest within the 164 Korean subtype B cluster
(8.413.6%), while the nef nucleotide sequences of the
Korean subtype B cluster differed from the other subtype
B by 12.7£3.2%. The relatively higher standard deviation
observed in the Korean subtype B cluster was due to two
isolates (AF462783 and AF462785) that were extraordi-
narily outstanding from the other isolates. After omitting
these two isolates, the standard deviation decreased as
shown in Table 2. Our data suggest that the Korean sub-
type B cluster is relatively homogeneous as compared
with the other subtype B, and that the Korean subtype B
cluster is distinguishable from the other subtype B. Our
observations in this respect, are similar to those of Kim ef
al. (1999a) in that the env nucleotide sequences differ less
in the Korean subtype B cluster than in the env nucleotide
sequence of the other subtype B.

While analyzing the diversity of the nef nucleotide
sequences, it was noted that some isolates were 100%
identical to each other in terms of nucleotide sequence.
This is the reason for the above observation that the min-
imum nucleotide sequence difference was 0%, which is
quite unusual. For example, in Korean subtype B cluster,
798022 was identical to AF238277, 798028 to AF-
462754, and 798029 to AF462767. In the other subtype
B, 798031, 798032 and AF462708 were identical. Thus,
it is presumed that these isolates are actually the same iso-
lates with different GenBank accession numbers.

A relatively homogeneous population, as observed in the
Korean subtype B cluster, has been reported in the case of
restricted epidemiology, best exampled by the HIV sub-
type C transmission in India from a specific founder virus
(Shankarappa et al., 2001). However, it is difficult to imag-
ine that HIV transmission has occurred from a single ori-
gin during the short period of HIV-1 transmission in
Korea, and to a majority of infected people. In addition, we
were not able to find any founder virus or genealogically
significant subcluster within the Korean subtype B cluster,
perhaps due to the high substitution rate of the nef gene
(2.3x10” to 7x10° per genome replication) and its rapid
generation time (2.6 days) (Temin, 1993). Therefore, it is
presumed that certain selective processes might work in
the transmission of HIV-1 in Korea, as suggested previ-
ously (Kang et al., 1998).

Distribution of the patient groups in the phylogenetic tree
Some of the Korean HIV-1 isolates were annotated in the
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GenBank database and in Kang er al. (1998) as being
related to disease or to the potential contraction routes.
These include 58 hemophiliacs (or clotting factor defi-
cient) and 17 homosexuals (Fig. 2). Of the 17 homosex-
uals, 14 belonged to the Korean subtype B cluster, 2 to the
other subtype B, and 1 to subtype G. In the case of 58 iso-
lates from Korean hemophiliacs, all were located to sub-
type B, and of these 47 (81%) belonged to the Korean
subtype B cluster. As mentioned earlier, many isolates
were actually taken from the same patients at different
times. When this redundancy was taken into account, we
identified 28 hemophiliac patients who had contracted
HIV-1 as shown in the phylogenetic tree of Fig. 2. This
number seems to be exaggerated since the same patient
may have been registered using two different stain codes
(see above). Simple calculation indicated that 85.7% (24/
28) of the Korean hemophiliacs belonged to Korean sub-
type B. The distribution of most of the homosexuals and
hemophiliacs within the Korean subtype B cluster
appeared random with low bootstrap values, although
some isolates looked clustered. Careful examination of
these apparent hemophiliac subclusters, however, revealed
that they were formed by multiple isolates from the same
people. Thus, it could be concluded that the distribution of
a group of patients such as homosexuals and hemophiliacs
appeared as random as that of the other general popula-
tion.

According to GenBank information about the patients,
there were two cases with known transmission routes, a
hemophiliac and his wife (CSR, and HSJ) and a blood
transfusion (donor JWK to recipients KGS and HJY). The
rnef nucleotide sequences of the HIV-1 isolates from CSR
and HSJ formed a subcluster with a bootstrap value of
50.8%, somewhat supporting the known epidemiology. In
contrast, the blood transfusion group of JWK, HJY and
KGS did not form any meaningful subcluster since the
bootstrap value for the apparent subcluster was as low as
10.1%.

In order to use phylogenetic analysis as a tool for
molecular epidemiology, many aspects have to be consid-
ered such as sampling time, target population, target
genes, sample size, and the quality control of laboratory
data (Slattery, 2002). The most successful demonstration
of likelihood relatedness was provided by the case of a
gastroenterologist who was charged with second-degree
murder by injecting his former girlfriend with blood
obtained from a HIV-1-infected patient, which resulted in
the first use of phylogenetic analyses in a criminal court
case in the United States (Metzker er al., 2002). From the
phylogenetic analyses of HIV-1 reverse transcriptase and
env DNA sequences isolated from the victim, the patient,
and a local population sample of HIV-1-positive individ-
uvals, they demonstrated that the sequence of the victim
was closely related to that of a patient with a direction of
transmission from the patient to the victim. In contrast,
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our analysis did not appear to support the existing trans-
mission route with reliable confidence, except for multiple
samples from the same individuals.

In conclusion, the results of the current phylogenetic
analysis of the Korean nef gene sequences show the pres-
ence of a distinctive Korean subtype B cluster exclusive of
any foreign sequences. However, resolution within this
cluster was too low to make possible interpersonal like-
lihood relationships and did not provide evidence for the
presence of a single or a small number of sources respon-
sible for the formation of the Korean subtype B cluster,
More extensive analysis linked with epidemiological
information of well-designed HIV-1 samples under tightly
controlled analytical conditions are prerequisite for the
accurate characterization of the possible causes and sig-
nificance for the Korean subtype B cluster.
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