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quences ranging from 10-70 base pairs are
amongst the most polymorphic markers reported
till date (Jaffrey et al. 1985). They exhibit sub-
stantial allelic variability in the number of repeat
units as a consequence of high rate of germline
mutations leading to new allelic states (Jaffrey et
al. 1994).

Among the numerous minisatellites known
so far, the one located about 75 bp downstream
from the 3’ end of the Apolipoprotien coding
gene is a hyper variable region, designated as
ApoB 3’ HVR (Knott et al.1986). This locus is
highly polymorphic and till now about 23 alleles
have been reported. ApoB 3’HVR consists of
AT rich core repeat sequence of 15 –bp. Two
basic types of 15-bp repeats (X and Y) have been
identified (Huang et al. 1987; Buresi et al. 1996).
Presence of high allelic variability at ApoB 3’HVR
is due to the complex mutational pattern. Earlier
studies have reported that Stepwise Mutational
Model (SMM) which reflects gain or loss of one
or few repeat units probably due to replication
slippage is responsible for creating high poly-
morphism at ApoB 3’HVR(Jaffrey et al. 1994).

All these features make ApoB 3’HVR, a very
useful marker for population studies at genetic
level. The availability of numerous population
data makes the ApoB 3’HVR an ideal locus for a
pilot study to find out the relationships between
different populations on the basis of allele fre-
quency distribution and also the micro-evolu-
tionary processes leading to their present day
distribution. As ApoB 3’HVR, is a highly poly-
morphic and informative marker, it could be an
ideal marker to study the genetic heterogeneity
among different population groups.

India is located at a central position between
Europe and Oceania and occupies a centrestage
in human evolution.  It has served as a major
corridor for the dispersal of modern humans that
started from Africa about 50ky bp (Cann et al.
2001). The date of entry of humans into India
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ABSTRACT  Apo B 3’ hyper variable region (Apo B 3’
HVR) is a highly polymorphic and hence an informative
marker. It could be an ideal candidate to study the genetic
heterogeneity among different population groups of
Indian subcontinent. It is one of the marker for which
numerous population data is available. This makes Apo
B 3’HVR an ideal locus for a pilot study to investigate
the relationships between different populations and the
micro-evolutionary processes leading to their present
day distribution. In the present study, we have studied
ApoB3’HVR among North Indians and South Indians
and have compared these populations on the basis of
within group and between group diversity. For this purpose
we have selected 600 North Indians and 200 South
Indians at random. Total 21 segregating alleles were
detected in our population groups. The average observed
heterozygosity was quite high (avg.0.753) suggesting
high diversity at ApoB’3HVR locus. Low value of average
Gst (0.0005) and Fst (0.035) reflects non-significant
deviation of heterozygosity between the two groups. On
comparing our study populations with central Indian
non tribal and tribal groups, it was found that there is
relative homogeneity among the three non tribal groups
and on computing genetic distances between the four
groups, it was observed that tribal significantly differ
from the three non-tribal groups. On comparing with
other world populations grouped in continental groups,
it was clear that greater diversity was observed for
Africans followed by the Europeans and Asians. There
was relative homogeneity among the continental groups.
North Indians and South Indians were found closure to
the Asians while non tribal Central Indians clustered with
the Eurpeans. We are further testing these observations,
by incorporating more realistic demographic models and
by using mt-DNA for maternal lineages and
Y-chromosome markers for paternal lineages.

INTRODUCTION

Minisatellites- the tandem repeats of se-
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remains uncertain. However, human fossils re-
mains date back to late Paleolithic era (55-25 kb
bp) and by that time, humans appear to spread to
many parts of India (Misra et al. 1992; 2000). Prot-
Asian and West Eurasian were the next after Af-
ricans to have migrated into India (Bamshad
et al. 2001). Majumder et al. (1999) have recently
provided genetic evidences that a major popula-
tion expansion took place within India and this
was followed by subsequent migration, which
resulted in the peopling of South East Asia (Crow
et al. 1999).

 Moreover, India is a land of enormous geo-
graphic, cultural, linguistic and genetic diversity
(Bhasin and Walter 2001). With the exception of
Africa, India harbors more genetic diversity than
other comparable global regions (Majumder et
al. 1998). Earlier studies (Roychoudhary et al.
1998; Majumder et al. 1999) indicated that the
Indians occupy an intermediaory zone, which has
Caucasoid, Negroid, Australoid and Mongoloid
elements.

In the present study, we have studied
ApoB3’HVR in north Indians and south Indians
and have compared these populations on the
basis of within group diversity (in terms of het-
erozygosities, number of alleles, and allele size
distribution), between group diversity (in terms

of total genomic diversity and coefficient of gene
differentiation) and Wright’s F-statistics (in terms
of Fixation index). Further, we have compared
ApoB3’HVR polymorphism in our studied popu-
lations with the Central Indian high caste groups
and Tribal populations belonging to India’s larg-
est tribal state - Madhya Pradesh (Mastana et al.
2000).

The study is further enlarged by comparing
these four groups with other 29 world popula-
tions. We have combined the major world popu-
lations into three continental groups:  Africa, Asia
and Europe (Table 1). All the comparisons were
done on the basis of allele numbers, heterozy-
gosities and finally by computing genetic dis-
tances between these populations.

The purpose of the study was to deduce the
informativeness of ApoB 3’HVR among differ-
ent populations spread over three geographical
regions of India and to place these groups in
context of other world populations and also to
find out whether the allele frequency distribu-
tion of ApoB 3’HVR reveals some information
about genetic differentiation.

MATERIALS AND METHODS

Population

Six hundred unrelated individuals belonging
to North India were randomly collected from Uttar
Pradesh, and two hundred unrelated individuals
belonging to south India were randomly collected
from Andhra Pradesh. The ethical committee of
the Institute approved the study and blood
samples were taken after obtaining informed con-
sent from all the subjects.

Laboratory Analysis

Genomic DNA was prepared from 2ml of
EDTA blood by high salting out technique
(Olerup and Zetterquist 1992). ApoB3’HVR was
amplified using primers described by Boerwinkle
et al. (1989). The amplified product was then
electrophorased on 5% PAGE and allele scoring
was done with the help of ApoB3’HVR allelic
ladder and commercial ladder (Invitrogen Ltd.)
as shown in Figure 1

Data Analysis

Allele frequencies were calculated by a simple
gene count method (Chakravarti et al. 1984). Cal-

Table 1: Sources of ApoB3’ HVR population data

                              Africans

1 Ewondo (Cameroon) Destro - Bisol etal. 1994
2 Tunisian Buresi et al.1995
3 African Blacks Hixson et al.1993
4 Sotho (African) Lane et al. 1995
                               Europeans

1 Germany Marz et al.1993
2 Caucasians (Germany) Deka et al.1992
3 Austria Friedl et al.1990
4 Greece De Benedicts et al.1994
5 Central Italy Giorgetti et al.1991
6 Southern Italy De Benedicts et al.1994
7 Calabria (Italy) De Benedicts et al.1994
8 Bologna (Italy) Pelloti et al.1994
9 Serbia Alvantic et al.1997
10 Sweden Renges et al.1992
11 Mexicans Latora et al.1994
12 Ukraine Kravchenko et al.1996
13 Catolina (Spain) Gene et al.1995
14 Nancy (France) Chakraboraty et al.1991
15 Caucasoid (French) Boer winkle et al.1989
                                  Asians

1 Han Chinese Ye et al.1995
2 Taiuaan Evans et al.1993
3 United Arab Emirates Frossard and Lestringent,

2001
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Fig. 1. Different alleles at ApoB3’ HVR with sizing ladder.

Lane 1: Allelic ladder for ApoB3’ HVR
Lane 2-7: Different samples showing various alleles of ApoB3’ HVR
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culations of heterozygosity, Ht, Hs, Gst, Fis, and
Fst and genetic distances, phylogenetic relation-
ship and Plotting of PC-Plot was done with the
help of different software i.e. POPGENE ,
CERVUS , ARLEQUIN , and PHYLIP.

RESULTS

Within Group Diversity

As a first step, we calculated and compared
gene diversity in terms of allele number, allele
size distribution and heterozygosities in the two
study groups. Out of 23 alleles reported in litera-
ture only 21 segregating alleles were detected in
our population groups. Out of which, 19 alleles
were present in North Indian populations while
only 14 alleles were found in South Indian popu-
lations. Allele frequency distribution at ApoB’3
HVR in these populations is shown in Figure 2.
Allele size distribution follow unimodal curve.
The mode is centered at 35HVE among the North
Indian populations. The other two alleles with
relatively high frequencies are 37HVE and 33HVE.
However, in South Indian samples, the mode was
centered at HVE33. The allele frequency distri-
bution shows significant differences at HVE 29,

HVE 31, HVE34, HVE35, HVE36 and HVE41 be-
tween two groups. HVE21, HVE25, HVE38,
HVE39, HVE45, HVE47 and HVE49 were totally
absent from South Indian populations, while
HVE30 and HVE32 were not found in North In-
dian populations. The populations under study
were in Hardy Weinberg equilibrium.

The observed heterozygosity was quite high
(avg.0.753) suggesting high diversity at
ApoB’3HVR locus. South Indians reveals higher
heterozygosity (0.790) as compared to the North
Indians (0.7170).

Between Group Diversity

The total genomic diversity (H
T
) among popu-

lations was found to be very high (0.8146) how-
ever; most of the genomic diversity was because
of diversity between individuals within a sub-
population (H

S
= 0.8139). The percentage of ge-

nomic diversity attributable to between popula-
tions relative to the total genomic diversity (G

ST
)

was very low (0.0005) despite of the fact that the
two groups have shown significant differences
at various alleles. Further the low value of the
fixation index Fst (0.035) reflects non-significant
deviation of heterozygositites between the three

1 2 3 4 5 6 7
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sub groups (Table 2).
Table 2: Heterozygosities, Ht, Hs, Gst, and Fst, in

South and North Indians
South Indians  North Indians

No. of Alleles 14 19
Obs. heterozygosities 0.7900 0.7170
Avg. heterozygosity 0.7530
Total Genomic diversity (Ht) 0.8146
Genomic diversity 0.8139

between population (Hs)
Coefficient of gene 0.0005

differentiation (Gst)
Fixation index (Fst) 0.0350

Comparison with Central Indians

 When we compared our populations with the
Central India higher caste groups and Tribal
groups, we observed that only 19 alleles were
found in North Indians, 14 in South Indians, 12 in
Central Indians and only 13 alleles were reported
in the Tribal groups. However, Allele frequency
distribution shows that the alleles with higher
frequencies are HVE37, HVE35, and HVE33. In-
terestingly these are almost equally distributed
among the four groups.  However, HVE 33 was
not significantly found in Central Indians. It was
also observed that higher alleles (>HVE 37) were
found in higher frequency among Central Indi-
ans (0.2050), North Indians (0.1390) and Tribal
population (0.3193), while lower alleles (<HVE35)
were more frequent among South Indians (0.5250)
and North Indian (0.3011). When we have com-
puted genetic distances among the four popula-
tion groups based on Nei’s pair wise distance
method, we have observed that the three non-

Tribal groups were significantly differ from the
Tribal groups (Table 3).
Table 3: Genetic distances between different popu-

lation groups of India
North South Central

Indians Indians  Indians Tribal

North Indians 0.00 0.12 0.21 0.35
South Indians 0.12 0.00 0.23 0.25
Central Indians 0.21 0.23 0.00 0.16
Tribals 0.35 0.25 0.16 0.00

Comparison with Other World Populations

We have compared the Indian populations
with other World populations at continental level
i.e. Africa, Asia and Europe. For this purpose we
used a four-allele system as described by
Alvantic et.al. 1997 in which APOB 3' HVR alle-
les were categorized into four classes: HVE<35,
HVE35, HVE37 and HVE> 37. Allele frequency
distribution among different continental groups
based on four-allele system is shown in Figure 2.
This Analysis clearly indicated greater diversity
of Africans followed by the Europeans and
Asians. Our population groups reflected much
higher heterozygosity (avg. 0.753) as compared
to other Asian populations but this variation was
lower than Africans (Table 4).

Fig. 2. Allele frequency distribution of ApoB3’HVR in North Indians and South Indians

19 21 23 25 27 29 30 31 32 33 34 35 36 37 38 39 41 43 45 47 49 51

S Indian N Indian
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0.1
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Table 4: Comparison of present study with other
continental groups

Avg. heterozygosities

Africans 0.887
Europeans 0.745
Asians 0.685
Study groups 0.753
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Further, inter population relationships were
analyzed using Nei’s pair wise distance, and
Reynolds’s Fst based distance methods. The dis-
tance matrices were used to build Neighbor Join-
ing trees (Fig. 3). It was found that the Tribal
populations were very near to the Africans, while
the North Indians and South Indians were near
to the Asians; however the Central Indians
shows similarities with the Europeans.

DISCUSSION

The allele frequency distribution at ApoB’3
HVR in two Indian population groups suggests
that ApoB’3 HVR may be an ideal locus to study
the genetic relationships between different eth-
nic groups of India. The large number of segre-
gating alleles, high value of heterozygosity fur-
ther supports the utility and informativness of
ApoB’3 HVR in context of Indian populations
for carrying out population studies at genetic
level, linkage analysis and also for forensic pur-
poses.

 The two population groups selected for the
present study viz. North Indian and South Indi-
ans reveals variation at allele frequency level for
some of the alleles when analyzed for ApoB3’
HVR. However, the alleles with higher frequen-
cies were equally frequent in both the groups.
Further, gene diversity analysis shows that Ge-
nomic diversity among populations is very high
(Ht = 0.8143), but most of its part is contributed
by the diversity between individuals within a
sub-population (Hs = 0.8139), while the genomic
diversity among the population contributed a
negligible amount (Gst = 0.0005). This is also re-
flected by the Wright’s F statistics. F

ST
 score over

all loci, which was 0.013 implying that there is no
significant deviation in the heterozygosities.

Comparison with the Central Indian higher caste
groups and tribal populations suggested that
non-tribal groups are quit apart from the tribal
populations. South Indian and North Indians
were found closer to north Indians in compari-
son to central Indians.

On comparing our populations with other
human populations at ApoB3’HVR provides an
evidence of a higher genetic diversity in Afri-
cans than in non-Africans. Our results are con-
sistent with those of numerous other genetic stud-
ies (Destro-Bisol et al. 2000; Jorde et al. 1998),
which suggests that the founder non-African
population arose as a subset of a large African
population (Armor et al. 1996; Shriver et al. 1997).
In the case of ApoB3’HVR, it is speculated that
the ancestral population was characterized by a
high heterozygosity, an extended range of allele
size, and a quasi unimodal allele size distribution
which is centered on 37HVE. The high level of
gene diversity and allele size variance observed
in four African population of diverse geographic
origin suggests that most of the present day
ApoB3’ HVR variation was present in the ances-
tral African populations (Destro-Bisol et al. 2000).
When the ancestral population underwent large
expansion, it moved out of the continent and
inhabited rest of the world; it underwent random
genetic drift with a consequent decrease of gene
diversity and a reduction of allele size range in
the founding populations of non-African groups.
Further sampling processes, perhaps bottlenecks
that occurred in more recent times could be re-
sponsible for the marked reduction in the num-
ber of alleles found in some of the Asians,
Amerindians, and European populations (Destro-
Bisol et al. 2000; Deka et al. 1992)

This reconstruction suggests that the 37HVE
was predominant in the ancestral population and
probably the oldest (Deka et al. 1992). This is
suggested by its predominant frequency in al-
most all the populations examined. In our study
populations there was a high frequency of 35HVE
(avg. 0.33) followed by 37HVE (avg. 0.22) and
33HVE (avg.0.19), which is in agreement with
other Indian and Asian populations. (Frossard
and Lestringent 2001; Aloja et al. 1992; Evans et
al. 1993; Ye et al. 1995). It may be deduced from
these results that in the Asian continent, espe-
cially in the south Asian regions there is relative
uniformity in the ApoB3’ HVR polymorphism with
the presence or absence of certain alleles of low
frequency. Moreover, the clustering of different

Fig. 3. Neighbor-joining tree constructed on the
basis of Nei’s pair wise genetic distances.

Europeans

Central Indians

North Indians

South Indians

Asians
Africans

Tribes
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populations in UPGMA tree further supports rela-
tive homogeneity between continental and / or
ethnic groups.

All the inferences drawn based on the present
study of ApoB3’ HVR polymorphism suggests
that Indians have genetic relationships with both
proto-Asiatics as well as with the Indo-Europe-
ans. Similar findings have been suggested in re-
cent studies conducted by Bamshad et al. (2001)
and Majumder et al. (2001).  Our results were in
accordance with these studies as both the South
Indians and North Indians are near to the Asian
populations, while the central Indians are closer
to the Europeans. Tribal populations, which con-
stitute about eight percent of the total popula-
tion of India, are suggested to be the original
inhabitants of India who have been migrated from
Africa 50 ky bb (Thaper 1996 and Ray 1973) our
study also suggests similar observation.   More-
over our results support higher genomic diver-
sity in African than non-African groups as well
as relative homogeneity among the continental
groups at ApoB’3 HVR. However, consideration
of other markers like mt-DNA and Y-chromosome
markers and incorporation of more realistic de-
mographic models could be of more help in exact
dating of the different divergences took place in
Indian subcontinent.
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