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Molecular phylogenetic studies of the HIV-1 isolated from Koreans have suggested the presence of the so-
called “Korean clade”, which can be defined as a cluster free of foreign isolates. The Korean clade accounts
for more than 60% of Korean isolates and exerts characteristic amino acid sequences. Thus, it is merited
to estimate when this Korean clade first emerged in order to understand the evolutionary pattern of the
Korean clade. We analyzed and reconstructed the most recent common ancestor (MRCA) sequences from
nef (n=229) and vif (n=179) Korean clade sequences. Linear regression analyses of sequence divergence es-
timates were plotted against sampling years to infer the year in which there was zero divergence from the
MRCA sequences. MRCA sequences suggested the Korean clade was first emerged around 1984, before
the first detection of HIV-1 in Korea in 1985. Further studies on synonymous and nonsynonymous sub-
stitution rates suggested positive selection event for the Korean clade, while other subtype B had under-

gone negative to neutral evolution.
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Human immunodeficiency virus (HIV) is the causative agent
for AIDS (acquired immunodeficiency syndrome), first identi-
fied in 1981. Since then AIDS became one of the leading
cause of mortality around the world. Although the inci-
dence of HIV infection in Korea is relatively low compared
to other countries, public health authorities are worried
about the rapid increase in the number of new HIV infec-
tion in recent years. HIV infection in Korea was first de-
tected in 1984 from foreigner, and the first Korean diag-
nosed as HIV-positive in 1985 was infected abroad. Major
source of HIV infection in Korea during the 1980’s was from
abroad, either from foreigners or Koreans infected in for-
eign countries. Since then, domestic infection through sexual
contact, whether homosexual or heterosexual, appeared to
be the major source of HIV infection in Korea.
Molecular epidemiologic studies using gene sequences of
HIV isolated from Koreans identified that HIV-1 subtype B
accounted for ~80% of all Korean isolates (Lee et al., 2003;
Park et al., 2006). Furthermore, majority of the HIV-1 sub-
type B isolated from Koreans seem to be clustered together,
forming a “Korean clade” where foreign isolates are com-
pletely excluded (Kang et al., 1998). The presence of the
Korean clade has been supported by further studies based
on molecular phylogenetic analyses of pol (Sung et al., 2001),
nef (Kang et al., 1998; Lee et al., 2003), env (Kim et al.,
1999a, 1999b), and vif (Park et al., 2006) genes. The Korean
clade, a subcluster of HIV-1 subtype B, accounted for more
than 60% of all HIV isolated from Koreans and exhibited
unique nucleotide and amino acid sequences that distin-
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guished the Korean clade from others (Park et al., 2006,
2008)

HIV-1 is classified into three major groups, M, N, and O,
and group M is further divided into several subtypes whose
regional distribution is well known. Using the most recent
common ancestor (MRCA) sequences inferred from known
sampling date and assuming a constant rate of evolution, it
was suggested that M group was first established around
1931 (Korber et al., 2000). Emergence of subtypes from M
group ancestor is thought to have occurred later, late 1960s
to early 1970s for subtype B (Korber et al., 2000; Salemi et
al., 2001; Lukashov and Goudsmit, 2002) and mid to late
1960s for subtype C (Travers et al., 2004). More studies
have established the date when the MRCA of HIV first ap-
peared in specific regions worldwide. However, there has not
been such attempt for HIV epidemic in Korea. Considering
the importance and uniqueness of the Korean clade, we at-
tempted in this study to understand the time when the Korean
clade was first emerged by inferring MRCA sequences of
nef and vif genes of HIV-1 isolated from Korean patients.
Furthermore, evolutionary consideration was attempted by
calculating the synonymous and nonsynonymous distances.

Materials and Methods

Sequence information and phylogeny

All available nucleotide sequences of nef (n=422) and vif
(n=233) genes of HIV-1 isolated from Korean patients
were retrieved from NCBI GenBank database as described
before (Park et al., 2006, 2008). Relevant foreign sequences
with more than 90% homology with Korean isolates were
obtained from NCBI GenBank database by BLAST search
and reference sequences were obtained from Los Alamos



86 Kim et al

HIV Database (http:/hiv-web.lanl.gov). Ninety-four foreign
and 41 reference sequences for nef gene, and 65 foreign and
44 reference sequences for vif gene were included in this
study. Sequences were multiple-aligned with CLUSTAL X
(ver. 1.83, Thomson et al., 1997) followed by manual editing.
The resulting out-files were used for construction of phylo-
genetic trees by neighbor-joining and maximum-likelihood
methods using PHYLIP package (version 3.6, http://evolu-
tion.genetics.washington.edu/phylip.html). Bayesian (BA) trees
were constructed using MrBayes program (version 3.0, http://
mrbayes.csit.fsu.edu/).

Reconstruction of the most recent common ancestor
(MRCA) sequences

The MRCA of the Korean clade subtype B (KcB) were in-
ferred using maximum likelihood (ML) or Bayesian (BA)
method. Dnamlk program in PHYLIP package (ver. 3.6a,
Felsenstein, 1993) with the options of transition/transversion
ratio=2.0 and no rate variation among sites was used for
ML-based reconstruction of the MRCA. Other parameters
were set as defaults. The root sequences thus generated were
the reconstructed MRCA sequences. MrBayes program was
used for MRCA reconstruction by heuristic Bayesian method.
Bayesian method does not allow us to get the sequences of
the root, which is the MRCA, inclusion of an outgroup se-
quence is required. In this study, subtype B reference HXB2
sequences were included as an outgroup. If more than two
ancestor sequences were generated by MrBayes, the one
with the highest likelihood value was chosen as the MRCA.
The resulting MRCA sequences were aligned according to
HXB2 sequences.

Dating method

Individual sequences with known sampling years between
1991 and 2004 were aligned with MRCA sequences. And the
genetic divergence of the KcB sequences from the MRCA
sequences were estimated by calculating synonymous dis-
tances (dS) using codeml program from the PAML (Phyloge-
netic Analysis Maximum Likelihood) package (Yang, 1997).
Correlation between the divergence values and the sampling
years was estimated with linear regression analysis using
SigmaPlot (ver. 8.0) by plotting sampling year at x-axis and
dS at y-axis. The resulting graphs contain the following in-
formation: regression line between time and distance (solid
line), 95% confidence intervals (dotted line), regression co-
efficient (R), and slope of the regression line. The year at
which the regression line crossed the x-axis (x-intercept)
was regarded as the year when the MRCA emerged.

Determination of synonymous and nonsynonymous dis-
tances

Nucleotide sequences were multiple-aligned with CLUSTAL
X. Aligned sequences were compared with SeqAid program
developed by us to get genetic distances among sequences
belonging to different groups. Then, mean and standard de-
viation values for each pair of comparison were calculated.
Statistical analysis was performed with SPSS (ver. 10) in or-
der to get statistical significance of the data when needed.
For determination of synonymous and nonsynonymous dis-
tances, aligned sequences and ML trees were analyzed using
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the codonml program from the PAML package. Three maxi-
mum likelihood models were used. Invariant model assumes
that all codons fall into a single category of sites with a
fixed value of o, ratio of nonsynonymous to synonymous
distances (Goldman and Yang, 1994). Neutral model allows
two categories of sites, one with fixed value of wl=1 and
another with negative selection sites (w2=0) (Nielsen and
Yang, 1998). Positive selection model incorporates an addi-
tional category of positively selected sites where ®3>1
(Nielsen and Yang, 1998).

Results

Timing the emergence of the Korean clade

In order to estimate when the Korean clade first emerged,
the MRCA sequences were reconstructed from 229 nef and
179 vif gene sequences of the Korean clade of subtype B
(KcB) with known sampling date (Table 1). MRCA sequen-
ces were inferred by Bayesian (BA) or maximum likelihood
(ML) method, and the genetic distances were calculated as
synonymous distances from the MRCA sequences to each
of the KcB sequences. Linear regression analyses from nef
sequences indicated a date of 1984 for the timing of the
origin of the KcB by both BA and ML methods (Fig. 1).
The 95% confidence intervals (CI) ranged from 1972 to
1989. There was a significant correlation between genetic
divergence and time (P<0.005). Similar results were obtained
with vif gene data, although BA method estimated 1983 as
the emergence time of the KcB (Fig. 2). The 95% ClIs
ranged from 1960 to 1989. The rates of genetic divergence
for nef and vif genes were 0.0037 and 0.0015, consistent
with higher mutation rate of nef than vif gene.

Table 1. Yearly distribution of the number of sequences analyzed
in this study

Subtype B
Isolation year Korean clade Non-Korean clade

Nef Vif Nef Vif

1991 4 5 0 0
1992 0 0 0 0
1993 11 4 7 2
1994 9 11 5 1
2002 6 10 1 3
2002 22 6 3 0
1997 8 14 2 3
1998 0 0 0 0
1999 15 6 5 3
2000 25 2 5 0
2001 24 19 8 0
2002 48 16 9 3
2003 51 69 10 13
2004 6 17 8 9
Not known 35 1 8 0
Total 264 180 71 37
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Fig. 1. Synonymous distances of the Korean clade nef sequences to the reconstructed most recent common ancestor sequence in relation
to sampling years. The regression analysis was performed for 229 individual sequences (open circles) as well as for the mean synonymous
distances per sampling year (closed circles with error bars). Regression lines (solid line) and 95% confidence intervals (dotted line) are
also shown. Left, Bayesian (BA) method; Right, maximum-likelihood (ML) method.

Evolutionary consideration

In order to understand whether the Korean clade evolved
similarly or not with non-Korean clade (NKcB), we analyzed
synonymous and nonsynonymous distances among all nu-
cleotide sequences belonged to KcB or NKcB. We included
sequences with unknown sampling date since the informa-
tion of sampling date was not necessary (Table 1). Three
maximum likelihood models, invariant, neutral, and positive
selection, were compared to find which provided the best
fit to the data. Likelihood ratio tests (LRT) among the
three models were performed by xz-test with degree of
freedom 2. As shown in Table 2, positive selection model
had better fits than invariant or neutral model to the KcB
or NKcB data of nef gene (P<0.001), and the data were
analyzed according to positive selection model. The mean
synonymous distances (dS) and nonsynonymous distances
(dN) for KcB were 0.63% and 0.75%, respectively. The mean
dS and dN for NKcB were 1.13% and 1.05%, respectively.
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The ratio of dN/AS (o) was 1.19 for KcB and 0.93 for
NKcB (Table 2). Similar results were obtained when vif gene
data were analyzed. Positive selection model was again the
best fit among the three models and estimated the dN/dS
ratio 1.17 for KcB and 0.66 for NKcB (Table 2). Positive
selection model also predicts the proportion of neutral co-
dons (pl), negatively selected codons (p2), and positively
selected codons (p3). Comparison of KcB and NKcB in-
dicates that p2 was higher in NKcB while pl and p3 were
higher in KcB (Table 2). It seems that the Korean clade
had undergone slightly positive evolution compared with
non-Korean clade subtype B who had undergone slightly
negative evolution.

Discussion

In this study we suggest that the Korean clade first emerged
around the year 1984, before the first detection of HIV-1
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Fig. 2. Synonymous distances of the Korean clade vif sequences to the reconstructed most recent common ancestor sequence in relation
to sampling years. The regression analysis was performed for all 179 sequences (open circles) as well as for the mean synonymous distances
per sampling year (closed circles with error bars). Regression lines (solid line) and 95% confidence intervals (dotted line) are also shown.
Left, Bayesian (BA) method; Right, maximum-likelihood (ML) method.
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Table 2. Maximum likelihood estimates of selection pressures on
HIV-1 nef, vif, and pol sequences from KcB and NKcB

Nef Vif
Model Taxa KcB NKcB KcB NKcB
264 71 180 37
(1) Invariant K 4.37 3.01 4.07 3.80
0.57 0.59 0.86 0.50

In L -5403.70 -4856.50  -6571.75 -2490.35

(2) Neutral K 4.61 3.08 3.48 3.69
pl 0.79 0.64 0.57 0.44
p2 0.21 0.36 0.43 0.56
Q) 0.79 0.64 0.57 0.44

In L -5336.33 -4762.57  -6402.33 -2440.03

(3) Positive K 4.93 3.37 421 4.12
Selection  p1 0.64 0.54 0.48 0.41

p2 0.21 0.35 0.40 0.53

p3 0.14 0.1 0.13 0.05

o3 3.76 3.61 5.43 4.90

o 1.19 0.93 117 0.66

In L -5234.47 -471829  -6210.94 -2422.43

LRT (3&1) LR 338.46  276.42 721.62 135.84

P value <0.001 <0.001 <0.001  <0.001

LRT (3&2) LR 203.72 88.67 382.78 35.20
P value <0.001 <0.001 <0.001  <0.001

«, Transition/transversion ratio

pl, Proportion of neutral codons

p2, Proportion of negatively selected codons
p3, Proportion of positively selected codons
®3, dN/dS ratio at p3 sites

o, overall dN/dS ratio

In L, Maximum likelihood ratio

LRT, Likelihood Ratio Test

in Korea. The most recent common ancestor (MRCA) of
the Korean clade might have appeared abroad during that
time and entered Korea no later than 1991 at which time
the first data on the Korean clade was available.

Different studies with different genes or sequence data sets
estimated the date of the origin of the HIV-1 subtype B to
range from 1967 to 1976 (Korber et al., 2000; Salemi et al.,
2001; Lukashov and Goudsmit, 2002). The significantly dif-
ferent estimates provoked a controversy between the authors
(Lukashov and Goudsmit, 2003; Smith et al, 2003). Even
with the same data set, different analytical methods estimated
different dates (Lukashov and Goudsmit, 2002). Using two
genes (nef and vif) and two methods (BA and ML) for
each gene, we were able to obtain very similar results, may
be due to high similarity of the KcB sequences compared
to other subtype B sequences (Park et al., 2006, 2008). The
Korean clade diversified 8 to 17 years after the emergence
of the subtype B.

The diversification of the Korean clade from the subtype B
may be viewed as a speciation event. And once separated, the
Korean clade appeared to have undergone different evolu-
tionary pathway from the other subtype B and the hallmark
of the evolutionary pathway seems to be the KcB-specific
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signature amino acid pattern (Park et al., 2006, 2008). HIV-1
nef gene encodes a transactivating factor that may reduce
or increase viral replication depending on cell type (Welker
et al., 1996; Levy, 1998). The vif protein protects HIV-1 from
antiretroviral protein human APOBEC3G (hA3G)-mediated
inhibition of HIV-1 replication by recruiting an E3-ubiquitin
ligase to hA3G (Sheehy et al., 2002; Yu et al, 2003; Farrow
and Sheehy, 2008). However, the KcB-specific signature
amino acid patterns revealed that the amino acid residues
critical for nef or vif protein action were not altered in
KcB. Thus, the evolution of KcB does not involve the change
in the critical functions of nef or vif protein.

Rather the evolution of the Korean clade might be due to
escape from cytotoxic T lymphocyte (CTL) response (Price et
al., 1997; McMichael and Rowland-Jones, 2001). CTL escape
mutations could be positively selected within an individual
host, and would be characteristic for specific HLA class 1
alleles across an HLA-diverse host population (Moore et
al., 2002). Previously we analyzed substitution events in the
KcB and some of the nonsynonymous substitutions were
identified to constitute signature amino acid residues whose
frequencies were significantly higher among KcB (Park et
al., 2006, 2007, 2008). Some of the signature amino acids of
the KcB nef could be located to HLA-restricted CTL epitope
motifs where the amino acids are enriched in the presence
of a specific HLA allele thus presumably represent escape
variants (Brumme et al., 2007). Koreans are relatively pure
in ethnicity and exhibit certain HLA class I alleles more
frequently than other alleles (Lee et al., 2005). Thus, the
ancestor virus of the Korean clade might have evolved
characteristically by adaptation to HLA-restricted CTL escape
while circulating among the Korean population. Further
and extensive analysis of HLA class I alleles of Korean
HIV-1 infected individuals would give some idea on the
origin and evolution of the Korean clade.

Positive selection could be inferred by a higher rate of
nonsynonymous (dN) to synonymous (dS) substitution per
site (Hughes and Nei, 1989; Mindell, 1996; Sharp, 1997). The
rate of nonsynonymous substitutions might increase after
the cross-species transmission of a pathogen, reflecting adap-
tation to the new hosts, while synonymous substitutions are
expected to be largely neutral, and reflect the underlying
rate of mutation and replication (Sharp et al., 2001). We
estimated dN/dS ratio (o) according to positive selection
model (Nielsen and Yang, 1998; Zanotto et al., 1999), and
it could be suggested that the nef and vif genes of the KcB
have undergone positive selection. On the other hand, there
was little evidence suggesting adaptive evolution (either posi-
tive or negative) for the nef gene of the NKcB, while the
vif gene of the NKcB seemed to have undergone negative
selection.

Lastly a comment should be made about the limit about
the data acquisition in this study. Although all Korean nef
and vif sequences from NCBI GenBank were included avail-
able at the time this study was initiated, they did not include
all Korean nef or vif sequences. However, it is not possible
to acquire all Korean sequences since not all viruses were
isolated from patients and sequenced, and, if sequenced,
some of the sequenced data may not be reported to NCBI
GenBank database. Despite this limitation in data acquisi-
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tion, we believe that the conclusion drawn in this study may
be the best we can get since we used all the sequences
available to open public. Based on the sequence data and
analytical methods we used in this study, it is concluded
that the Korean clade of HIV-1 appeared around the year
1984 and to have undergone characteristic evolution by
positive selection.
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