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Apolipoprotein B 30 (30 ApoB) minisatellite polymorphism was studied in healthy unrelated individuals
from the Russian Federation and the Republic of Belarus, in 10 populations from five ethnic groups:
Russians, Byelorussians, Adygeis, Kalmyks and Yakuts. The analysis was carried out using PCR and
electrophoresis followed by silver staining. Overall, 25 alleles of the 30 ApoB minisatellite, ranging from 25
to 55 repeats, were detected. Heterozygosity indices were high and varied from 0.73 to 0.84. The
distributions of alleles of this minisatellite in the Caucasoid populations (Russians, Byelorussians and
Adygeis) had a bimodal character, whereas that for Mongoloid populations (Kalmyks and Yakuts) had a
unimodal distribution. Nei’s genetic distances between the populations studied and some reference
populations of Europe and Asia were estimated. Despite their allele distribution homogeneity, different
East Slavonic ethnic groups were clearly resolved by multidimensional analyses. The East Slavonic and
Adygei populations revealed a high similarity with European Caucasoids. The Mongoloid populations
(Kalmyks and Yakuts) were considerably different from those of the European Caucasoid populations, but
were similar to other Asian Mongoloid populations. The results demonstrate the variability of 30 ApoB
minisatellite polymorphism not only in distant populations but also, to a certain extent, in genetically
relative ones.
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Introduction
The human genome contains a large amount of highly

repetitive DNA sequences including many with a variable

number of tandem repeats (VNTRs). Minisatellites are loci

composed of tandemly repeated sequences between 10 and

100 base pairs (bp).1 As a consequence of a high rate of

germline mutation to new allelic states, minisatellites show

substantial allelic variability in the number of repeat units

and are among the most polymorphic markers reported to

date. The variability shown by many of the VNTRs studied

renders them interesting for different applications, includ-

ing linkage analysis, forensic identification, paternity

testing, anthropological research and phylogenetic studies.

Recent data show that such polymorphisms can be useful

for genetic population studies.2,3

One of these VNTR loci is mapped on chromosome 2 and

is located 75 bp from the second polyadenylation signal at

the 30 end of the apolipoprotein B gene (ApoB).4 The ApoB
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protein is one of the major low-density proteins and plays a

central role in the metabolism of serum cholesterol. The 30

ApoB hypervariable region (HVR) consists of a tandem-

repeat sequence, rich in A and T.4 Two basic types of 15-

nucleotide-long core repeats (X and Y) have been identi-

fied.5 Differences between alleles are because of extension

of the YX repeats. In a number of core segments, the HVR

alleles have sequence microvariations (a pure AT sequence

is interrupted by a C or a G), usually concentrated at the 30

end of the minisatellite.3,6 The 30 ApoB polymorphism can

be analysed by polymerase chain reaction (PCR) amplifica-

tion and high-resolution agarose or polyacrylamide gel

(PAGE) or capillary electrophoresis.2 – 20 This HVR poly-

morphism has been widely used in investigations of the

history and diversity of humans, both worldwide and in

individual population groups.2,5,7,8,12,19 It is considered a

suitable locus for a pilot study of the relationships between

the shape of allele-size distributions of minisatellites and

the micro-evolutionary processes leading to their present-

day distribution.2 The allele-size frequencies can be used to

calculate interpopulation genetic distances. Higher rates of

polymorphism have been found for populations of differ-

ent origin and ethnicity.2,5,7,8,12

In this study, we analysed the allele frequencies of the 30

ApoB HVR locus in normal individuals from 10 different

populations (five Russian, two Byelorussian, and the

Adygei, Kalmyk and Yakut) living in the Russian Federation

and the Republic of Belarus.

Materials and methods
DNA samples for study were obtained from donors of 10

populations from five ethnic groups: three Caucasoid and

two Mongoloid (Figure 1).

Two ethnic groups originate from the Altaic linguistic

family: these are the Kalmyk and Yakut populations.

Kalmyks inhabit the steppe region to the northwest of

the Caspian Sea and represent a Mongolic linguistic group

(Altaic linguistic family). Kalmyks correspond to the Baikal

anthropological type. The Yakut population lives in East

Siberia and belongs to the Turkic linguistic group (Altaic

linguistic family). In classical anthropology, they are

classified as the Central Asian type. In this study, samples

from the Elista region of Kalmykia and from a central

group of Yakut people were examined. The East Slavonic

linguistic group (Indo-European linguistic family) was

represented by samples from five Russian populations from

the European (western) part of Russia (the Kursk, the

Novgorod, the Kostroma, the Smolensk and the Oshe-

vensk), and two Byelorussian populations (the Mjadel and

the Bobruisk) from the Republic of Belarus. Russians are the

largest ethnic group of East Slavs, representing a Central to

East-European anthropological type. The Oshevensk group

is an isolated population from the Arkhangelsk region of

north Russia where external influences are very slight. The

Novgorod group is a North-Western Russian population; the

Kursk are from south Russia; the Kostroma group is a North-

Eastern Russian population from the European part of

Russia; and the Smolensk is a Central group. The Republic

of Belarus is located to the west of Russia. The Bobruisk and

the Mjadel are two populations originating from the eastern

and northern regions of Belarus. The Bobruisk population

is urban. The Mjadel population sample was collected in

Byelorussian woodland of the Mjadel region (North Belarus)

where the migration rate is low. The Adygei population

came from Adyg-Shabsug and represents a North Caucasian

linguistic family. Adygei people are one of the most ancient

indigenous populations of the Caucasus region,21 living

both on the eastern shore of the Black Sea and the main

Caucasus mountains (highlanders).

Blood samples were collected after the informed consent

of individuals according to the following criteria: all

individuals needed to belong to the native ethnic group

of the regions studied (with at least three generations living

in the region) and were nonrelated and healthy. DNA

was isolated from peripheral leucocytes by proteinase K

treatment and extraction with phenol–chloroform.22

Analyses were made based on 76–139 people for each

population.

For the determination of allele size, we performed PCR

amplification of the target sequence and PAGE to separate

the PCR products. The PCR products were visualized with

silver staining because of higher sensitivity.23 Amplifica-

tion of the locus was carried out as described by Renges

et al.7 The electrophoresis was performed in TBE buffer (pH

9.0) for 3–4 h at 700 V. The exact size of 30 ApoB alleles was

determined with coelectrophoresis of a locus-specific allele

ladder, containing 25–52 tandem repeats. The ladder was

constructed by the amplification of a mixture of DNA from

individuals with known alleles24 of the Byelorussian

population.25 Allele designation followed the terminology

of Ludwig et al.26

Calculations of allele frequencies, correspondence to

Hardy–Weinberg equilibria, observed and expected hetero-

zygosity levels and Nei’s genetic distance calculation were

all carried out with the POPGENE software, version 1.32.27

Hardy–Weinberg equilibrium was evaluated using the

likelihood ratio test (G-statistics)28 and the exact test.29

w2 testing for heterogeneity between pairs of samples

examined was performed with the R�C contingency table

testing program.30 Multidimensional scaling analysis was

performed with STATISTICA software, version 5.5.31

Results
The polymorphic 30 ApoB minisatellite was examined by

PCR in 10 human populations from five ethnic groups.

The distributions of allele frequencies found are shown in

Table 1. The analysis detected 25 alleles with 25–55 repeats

out of 1932 chromosomes typed. The allele spectra
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in Caucasoid populations (Russians, Byelorussians and

Adygeis) are bimodal with the main peak in alleles

34–36, and a secondary mode around alleles 46–48. The

Mongoloid populations (Kalmyks and Yakuts) demon-

strated unimodal distribution of allele frequencies with a

peak around 34–36 repeats. These patterns coincide with

Caucasoid and Mongoloid population allele frequency

profiles of other investigations for this locus.2 – 20

A high degree of similarity was found for allele profiles

for all East Slavonic populations. The most frequent allele

in these samples was allele 36 (frequencies ranged from 29

to 45%), followed by allele 34 (from 20 to 28%). A small

inversion in the magnitude of 34- and 36-allele frequencies

was noted in the Adygei population: the 36-allele

frequency was 29.5%; the 34-allele frequency was 32%,

but allele frequencies of the second mode were similar to

those in other Caucasoid populations. In the Mongoloid

populations, as in Caucasoids, the main alleles were 34 and

36, but with strong differences in the magnitude of their

frequencies. In the main mode, these populations show a

reversed frequency of the two common alleles: that of

allele 34 rises to 55% in Yakuts and 44% in Kalmyks, and

that of allele 36 decreases to 19% in Kalmyks and 9% in

Yakuts.

High heterozygosity levels were observed for all popula-

tions investigated (73–84%, Table 2). The observed

numbers of distinct genotypes also reveal a high degree

of 30 ApoB minisatellite polymorphism in the populations

analysed. The genotype distributions observed do not

deviate from Hardy–Weinberg expectations, based on both

the likelihood ratio and the exact tests. The allele

frequency patterns and the heterozygosity indexes ob-

tained in East Slavonic and Adygei population samples

were similar to others reported in Caucasian popula-

tions.7 – 18 The allele frequency patterns in Kalmyks and

Yakuts diverged from those reported in Caucasoid peoples,

but resembled those of Mongoloids.3,19,20

Comparison of the allele distributions in different ethnic

groups was made using the R�C test30 for each pair of

populations studied. When we compared each of the

Mongoloid populations (Yakuts and Kalmyks) with any

Caucasoid population, statistically significant (Po0.0001)

differences were found. The test for heterogeneity of East

Slavs revealed a high degree of similarity among the

populations studied, except for the Bobruisk. The deviation

of allele distribution in the Bobruisk group was mainly

because of the 28-allele frequency, which was 3.7% in this

population and 0.7% in the Mjadel population, whereas it

was not detected in others (Table 1).

For the population relationship analysis, Nei’s33 original

pairwise genetic distances were calculated. The multi-

dimensional scaling of this matrix results in the two-

dimensional plot shown in Figure 2. We have outlined

Russian and Byelorussian population samples by great-

circle lines to make ethnic group comparisons easier.

Statistical robustness of the plot was confirmed by a good
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Figure 1 Geographical location of populations tested.
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correlation between the original distance matrix and that

reconstructed by the multidimensional scaling algorithm

(the stress index value for two dimensions was 0.028).

Allele frequencies were also calculated for two ethnic

groupings (Russian and Byelorussian) and compared with

other populations of Eurasia in which this polymorphism

has been studied (Table 3). The multidimensional scaling

analysis (the stress index value for two dimensions was

0.035) based on Nei’s distance matrix (Figure 3) shows

significant differentiation among the populations corre-

sponding to the two main anthropological types.

Discussion
We have analysed normal variability in the 30 ApoB VNTR

locus in some East European populations. As established

previously,2,3,5,7,8,12 this locus is extremely polymorphic in

individuals and significant diversity has been found for

allele spectra in groups of different origin; similar results

were observed here. We have tested populations of

Mongoloid and Caucasoid origin, belonging to different

linguistic families (Indo-European, Altaic and North Cau-

casian). The most remarkable differences in allele distribu-

tion were found for the Yakut and Kalmyk populations,

Table 2 Number of chromosomes analysed, expected and observed heterozygosity, and allele spectra parameters for
investigated populations in the ApoB 30 minisatellite

Russians Byelorussians Adygeis Kalmyks Yakuts

Oschevensk Kursk Smolensk Novgorod Kostroma Bobruisk Mjadel

Sample size (chromosomes) 156 176 184 180 160 188 152 278 204 254
Number of alleles 14 12 12 10 14 17 14 15 17 14
Number of distinct genotypes

Heterozygous 21 24 25 19 23 31 28 31 31 23
Homozygous 2 3 3 4 3 3 2 2 3 2

Heterozygosity level
Observed 0.744 0.807 0.815 0.733 0.825 0.809 0.842 0.755 0.794 0.74
Expected 0.739 0.781 0.779 0.776 0.763 0.8 0.825 0.787 0.757 0.674

Table 1 Allele frequencies of ApoB 30 minisatellite locus in different ethnic groups of Russia and Belarus

Russians Byelorussians Adygeis Kalmyks Yakuts

Allele numbera Oschevensk Kursk Smolensk Novgorod Kostroma Bobruisk Mjadel

25 0.006 0.005 0.004
27 0.005
28 0.037 0.007
30 0.090 0.114 0.049 0.061 0.088 0.043 0.059 0.086 0.059 0.008
31 0.021 0.007 0.010 0.015
32 0.058 0.074 0.076 0.100 0.044 0.011 0.079 0.029 0.093 0.098
33 0.006
34 0.199 0.239 0.234 0.239 0.281 0.266 0.270 0.320 0.436 0.547
35 0.006 0.005 0.006 0.011 0.004 0.034 0.059
36 0.455 0.375 0.375 0.383 0.381 0.340 0.290 0.295 0.186 0.091
37 0.006 0.005
38 0.039 0.034 0.049 0.050 0.006 0.048 0.053 0.079 0.025 0.020
39 0.006 0.015
40 0.006 0.017 0.005 0.011 0.031 0.027 0.033 0.004 0.020
41 0.020
42 0.006 0.016 0.013 0.016
44 0.045 0.040 0.033 0.039 0.056 0.011 0.039 0.018 0.044 0.031
45 0.006 0.006 0.011 0.006 0.004 0.008
46 0.019 0.045 0.033 0.022 0.044 0.080 0.066 0.036 0.015 0.075
47 0.004
48 0.058 0.045 0.114 0.072 0.038 0.064 0.066 0.083 0.015 0.004
50 0.006 0.016 0.022 0.006 0.011 0.013 0.025 0.025 0.020
52 0.006 0.005 0.007 0.004
53 0.005 0.005
55 0.005
Sample size 78 88 92 90 80 94 76 139 102 127

aDesignations according to Ludwig et al.26
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who derive from the Altaic linguistic family (Turkic and

Mongolic linguistic groups, respectively) and have Mon-

goloid ancestry. Significant divergence of these popula-

tions from other population groups studied was also shown

by a w2 test of the probability of divergence.

The multidimensional scaling analysis was performed to

distinguish the populations studied. It is clear that the

Yakut and Kalmyk populations are placed far from the

others, which form a cluster of Caucasoid populations

having their own configuration. East Slav ethnic groups are

arranged close together and the Adygei population is the

neighbour of East Slavs.

Genetic distance analysis carried out with multidimen-

sional scaling treatment demonstrates that this marker is

able to differentiate not only between Caucasoid and

Mongoloid groups but also between related populations

with a similar genetic pool. In the multidimensional

scaling plots, almost all East Slavonic ethnic groups form

a single cluster, with only the Bobruisk population lying a

little closer to the Adygei population. The Bobruisk

population originates from a region with a higher migra-

tion rate compared with other population samples studied.

The Kostroma and the Mjadel populations, situated in the

east and west regions of Eastern Europe, take positions

slightly remote from the East Slavonic core cluster and

possibly are most similar in genetic variability as out-of-

the-way isolated populations.

Using a multidimensional scaling procedure, we com-

pared our data with those reported for 15 European and

three Asian populations.3,7 – 18,20 This analysis led to almost

the same pattern as the plot for populations investigated in

this study. European populations form one cluster, while

the Mongoloid population groups fall in another. On the

plot, all the European populations share a common cluster,

with 10 forming a core. Some other European populations

are situated around this core and those populations are all

geographical outliers. East European populations are

arranged on the plot as follows: East Slavs (Russians,

Ukrainians and Byelorussians) are most closely related to

the French, Germans, Austrians, Italians, Hungarians,

Greeks, Portuguese, but less closely to other European

populations. The Adygei population is as far from the

European core as the Swedish, Basque, Spanish, Albanian,

Slovakian and Finnish populations. In agreement with the

plot pattern, we can support the hypothesis that East Slavs

migrated from the Central Europe area, as indicated by

anthropological and archaeological data.

According to archaeological data summarized by

Sedov,34 Slavs as a separate group were being formed about

the middle of the first millennium BC on the basis of

Lusatian (Lausitz) culture, which belonged to the Central

European community of Urnfield cultures, in the region of

the Middle and Upper Vistula and the right bank of the

Oder. Very similar results were obtained by Alexeeva and

Alexeev35 based on craniological and physician anthro-

pological research.

Malyarchuk and Derenko analysed hypervariable

segment I mtDNA polymorphisms of East Slavs and

found that these populations share rare haplotypes

mainly with Germans and Finno-Ugric European popula-

tions. They concluded that East Slavs migrated in the

early Middle Ages from their putative homeland in

Central Europe.36 Recent investigations of short tandem

repeat loci variability on the Y chromosome have
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Table 3 Frequencies of the alleles of locus ApoB 30 minisatellite in the populations of this work and the comparison populations

Allele
number

Russiansa Byelorus-
siansa

Ukrain-
ians8

Alban-
ians9

Slovaks10 Austrians11 Germans12 Italians13 Basques14 Spanish15 French2 Portuguese16 Greeks9 Swedes7 Finns17 Hungar-
ians18

Lapps17 Sikhs7 Japan-
ese19

Chinese20

14 0.005
16 0.009
20 0.005
22 0.006
24 0.001 0.003
25 0.001 0.004
26 0.003
27 0.003
28 0.023 0.002 0.001 0.005 0.002 0.006 0.006 0.009 0.003
29 0.003 0.005
30 0.079 0.050 0.065 0.115 0.07 0.098 0.082 0.065 0.094 0.077 0.081 0.079 0.072 0.028 0.06 0.101 0.030 0.131 0.04 0.037
31 0.015 0.02 0.020 0.005
32 0.071 0.041 0.055 0.066 0.07 0.056 0.069 0.060 0.031 0.057 0.090 0.079 0.067 0.039 0.06 0.063 0.010 0.061 0.17 0.064
33 0.001
34 0.238 0.268 0.268 0.242 0.22 0.252 0.244 0.285 0.219 0.232 0.247 0.221 0.222 0.191 0.29 0.266 0.480 0.364 0.58 0.626
35 0.004 0.006 0.001 0.021 0.004 0.010 0.003 0.005 0.006 0.01 0.005 0.005
36 0.393 0.318 0.371 0.419 0.346 0.368 0.374 0.355 0.46 0.385 0.340 0.36 0.394 0.478 0.30 0.354 0.330 0.248 0.16 0.152
37 0.001 0.01 0.009
38 0.036 0.050 0.032 0.033 0.096 0.038 0.037 0.070 0.030 0.048 0.026 0.056 0.017 0.01 0.045 0.042 0.01 0.020
39 0.001
40 0.014 0.029 0.013 0.011 0.009 0.017 0.01 0.013 0.019 0.015 0.021 0.011 0.017 0.014 0.007
42 0.001 0.015 0.013 0.005 0.002 0.004 0.002 0.020 0.019 0.006 0.011 0.006 0.06 0.002 0.020
44 0.042 0.023 0.010 0.005 0.015 0.009 0.01 0.010 0.057 0.012 0.016 0.011 0.011 0.02 0.007 0.020
45 0.006 0.013
46 0.033 0.073 0.052 0.038 0.074 0.038 0.062 0.050 0.076 0.096 0.078 0.071 0.061 0.090 0.04 0.07 0.050 0.042 0.02
47 0.01
48 0.067 0.065 0.090 0.034 0.087 0.077 0.087 0.065 0.098 0.011 0.051 0.083 0.072 0.101 0.09 0.059 0.060 0.061 0.01 0.024
50 0.011 0.012 0.010 0.027 0.011 0.017 0.015 0.010 0.009 0.021 0.026 0.022 0.014 0.009 0.013
51 0.003
52 0.001 0.006 0.006 0.002 0.009 0.011 0.01 0.013
53 0.003
54 0.002 0.01 0.003

Sample
size

428 170 155 91 230 234 505 100 100 183 166 301 83 89 125 222 125 107 50 148

Allele number according to Ludwig et al.26

aAllele frequencies of East Slavonic ethnic groups of this study.

E
a
st

E
u

ro
p

e
a
n

d
e
v
e
rsity

o
f

3
0

A
p

o
B

V
N

T
R

D
A

V
e
rb

e
n

ko
et

a
l

4
4
9

E
u

ro
p

e
a
n

Jo
u

rn
a
l

o
f

H
u

m
a
n

G
e
n

e
tics



shown that Eastern Slavs are homogeneous and most

closely related to Poles, Hungarians and Germans whereas

they are less closely related to some other Europeans.37,38

Thus, all genetic data to date support the hypothesis of an

East Slav population originating from the central part

of Europe.

The position of the Adygei population as an outlier from

the core among European populations is in agreement with

the geographic location and population history of these

people. According to Macaulay et al,39 this ethnic group,

belonging to the North Caucasian linguistic family, is

thought to be close to the origins of important population

expansions into Europe.

The Kalmyk and Yakut populations are positioned in

another cluster with Japanese at the centre, and are as

remote from the Japanese as the Chinese. While the

present Kalmyk population inhabits an East European area,

until the early Middle Ages these people lived in Asia as a

Mongol confederate on the territory of Mongol China.40,41

Thus, the multidimensional scaling analysis of Nei’s

genetic distances reveals close affinities between East

Slavonic ethnic groups. It shows close relationships

between East Slavs, Adygeis and European Caucasoids.

The Mongoloid populations are found to be significantly

different from Caucasoid populations, and are most closely

related to each other. The patterns of allele frequency

distributions and w2 tests for heterogeneity between

samples support these conclusions.

While information provided by such a single-locus study

should be used with caution, our results on East Europe

populations are compatible with data based on mtDNA, Y-

chromosome polymorphisms, anthropology and archaeol-

ogy.34 – 39,41 We believe that this polymorphism is one of

the most convenient available for pilot population rela-

tionship research, but of course it should be reinforced

with further investigation of other polymorphic systems.

This study provides new data about 30 ApoB minisatellite

polymorphisms in East European populations that may be

useful for the analysis of human evolution and population

history, both in this region and worldwide.

Acknowledgements
We thank Professor Giovanni Destro-Bisol who contributed the 30

ApoB allele frequencies of numerous populations. We are indebted to
Professor Vasily Deryabin for valuable comments and discussion. We
are also grateful to two anonymous reviewers whose comments and
suggestions significantly improved the manuscript. This study was
supported by grants from the Russian Basic Research Foundation, and
the Russian Foundation for Humanities.

References
1 Jeffreys AJ, Wilson V, Thein SL: Hypervariable minisatellite

regions in human DNA. Nature 1985; 314: 67–73.
2 Destro-Bisol G, Capelli C, Belledi M: Inferring microevolutionary

patterns from allele-size frequency distributions of minisatellite
loci: a worldwide study of the APOB 30 hypervariable region
polymorphism. Hum Biol 2000; 72: 733–751.

3 Chen B, Guo Z, He P, Ye P, Buresi C, Roizes G: Structure and
function of alleles in the 30 end region of human apoB gene. Chin
Med J (Engl) 1999; 112: 221–223.

Dimension 1 

D
im

e
n

s
io

n
 2

 

RUS

BEL

U

Adygeis

Albanians

Slovaks

AG

Italians

Basque

The Spanish

FRA

P
GR

Swedes

Finns

H

Lapps

Sikhs

Kalmyks

Yakuts

Japanese

Chinese

-0.5

-0.4

-0.3

-0.2

-0.1

0.0

0.1

0.2

0.3

0.4

-1.5 -1.0 -0.5 0.0 0.5 1.0 1.5 2.0 2.5

Figure 3 Multidimensional scaling analysis plot (dimension I/II) of 23 Caucasoid and Mongoloid ethnic groups of Eurasia.
Abbreviations are RUS (Russians), BEL (Byelorussians), U (Ukrainians), A (Austrians), G (Germans), FRA (The French), P (The
Portuguese), GR (Greeks) and H (Hungarians).

East European deversity of 30 ApoB VNTR
DA Verbenko et al

450

European Journal of Human Genetics



4 Huang LS, Breslow JL: A unique AT-rich hypervariable
minisatellite 30 to the ApoB gene defines a high information
restriction fragment length polymorphism. J Biol Chem 1987;
262: 8952–8955.

5 Buresi C, Desmarais E, Vigneron S et al: Structural analysis of the
minisatellite present at the 30 end of the human apolipoprotein B
gene: new definition of the alleles and evolutionary implications.
Hum Mol Genet 1996; 5: 61–68.

6 Marz W, Ruzicka V, Fisher E, Russ AP, Schnider W, Gross W:
Typing of the 30 hypervariable region of the apolipoprotein B
gene: approaches, pitfalls and applications. Electrophoresis 1993;
14: 169–173.

7 Renges HH, Peacock R, Dunning AM, Talmud P, Humphries SE:
Genetic relationship between the 30 VNTR and diallelic
apolipoprotein B gene polymorphism: haplotype analysis in
individuals of European and South Asian origin. Ann Hum Genet
1992; 56: 11–33.

8 Kravchenko SA, Malyarchuk SG, Livshits LA: A population
genetics study of the allelic polymorphism in the hypervariable
region of the apolipoprotein B gene in the population of different
regions of Ukraine. Tsitology Genet 1996; 30: 35–41.

9 De Benedictis G, Carotenuto L, Carrieri G et al: Age-related
changes of the 30APOB-VNTR genotype pool in ageing cohorts.
Ann Hum Genet 1998; 62: 115–122.

10 Kadasi L, Gecz J, Ferakova I et al: Distribution of ApoBII, MCT118
(D1S80), YNZ22 (D17S30) and COL2A1 Amp-FLPs (amplified
fragment length polymorphisms) in Caucasoid population of
Slovakia. Gene Geography 1994; 8: 121–127.

11 Friedl W, Ludwig EH, Paulweber B, Sandhofer F, McCarthy BJ:
Hypervariability in a minisatellite 30 of the apolipoprotein B gene
in patients with coronary heart disease compared with normal
control. J Lipid Res 1990; 31: 659–665.

12 Poltl R, Luckenbach C, Reinhold J, Fimmers R, Ritter H:
Comparison of German population data on the apoB-HVR
locus with other Caucasian, Asian and Black populations.
Forensic Sci Int 1996; 80: 221–227.

13 Domenici R, Fornaciari S, Nardone M et al: Study of the ApoB
polymorphism in Tuscany (Italy); in Bar W, Fiori A, Rossi U (eds):
Advances in forensic haemogenetics. Berlin: Springer, 1995,
pp 493–495.

14 Alonso S, Fernandez I, Castro A et al: Genetic characterization of
APOB and D17S5 AFLP loci in a sample from the Basque Country
(northern Spain). Hum Biol 1998; 70: 491–505.

15 Pestoni C, Munoz I, Comesana M et al: Distribution of the
AmpFLPs YNZ22, 30ApoB and COL2A1 in the population of
Galicia (NW Spain). Forensic Sci Int 1996; 80: 175–188.

16 Pinheiro MF, Pontes ML, Huguet E, Gene M, da Costa JP, Moreno
P: Study of three AMPFLPs (D1S80, 30ApoB and YNZ22) in
the population of the north of Portugal. Forensic Sci Int 1996; 79:
23–29.

17 Lahermo P, Sajantila A, Sistonen P et al: The genetic relation-
ship between the Finns and the Finnish Saami (Lapps): analysis
of nuclear DNA and mtDNA. Am J Hum Genet 1996; 58:
1309–1322.

18 Woller J, Furedi S, Padar Z: AMPFLP analysis of the VNTR loci and
ApoB in Hungary. Int J Leg Med 1995; 107: 273–274

19 Zago MA, Silva Jr WA, Tavella MH, Santos SE, Guerreiro JF,
Figueiredo MS: Interpopulational genetic diversity of
Amerindians as revealed by six variable number of tandem
repeats. Hum Hered 1996; 46: 274–289.

20 Evans AE, Zhang W, Moreel JFR et al: Polymorphisms of
the apolipoprotein B and E genes and their relationship to
plasma lipid variables in healthy Chinese man. Hum Genet 1993;
92: 191–197.

21 Alekseev VP: The morphological specificity of Caucasian peoples
according to craniological materials. J Hum Evol 1982; 11:
663–672.

22 Milligan BG: Total DNA isolation. in: Hoelzel AR (ed). Molecular
genetics analysis of populations. London: Oxford University Press,
1998, pp 29–60.

23 Schlotterer C: Minisatellites. In: Hoelzel AR (ed). Molecular
genetics analysis of populations. London: Oxford University Press,
1998. pp 237–260.

24 Sajantila A, Puomilahti S, Johnsson V, Ehnholm C: Amplification
of reproducible allele markers for amplified fragment length
polymorphism analysis. Biotechniques 1992; 12: 16–20.

25 Pogoda TV, Nikonova AL, Kolosova TV, Liudvikova EK, Perova
NV, Limborska SA: Allelic variants of apolipoproteins B and CII
genes in patients with ischemic heart disease and in healthy
persons from the Moscow population. Russ J Genet 1995; 31:
1001–1009.

26 Ludwig EH, Friedl W, McCarthy BJ: High resolution analysis of a
hypervariable region in the human apolipoprotein B gene. Am J
Hum Genet 1989; 45: 458–464.

27 Yeh FC, Yang R-C, Boyle T: POPGENE version 1.32. 1999. http://
www.ualberta.ca/Bfyeh/

28 Sokal RR, Rohlf JF: Biometry, 2nd ed. New York: Freeman, 1969.
29 Guo SW, Thompson EA. Performing the exact test of Hardy–

Weinberg proportion for multiple alleles. Biometrics 1992; 48:
361–372.

30 Roff DA, Bentzen P: The statistical analysis of mitochondrial
DNA: w2 and problem of small samples. Mol Biol Evol 1989; 6:
539–545.

31 STATISTICA for windows (computer program manual). Tulsa, OK:
StatSoft, Inc., 2000. http://www.statsoft.com

32 Weir BS: Genetic data analysis. Sunderland, MA: Sinauer
Associates, 1990.

33 Nei M: Genetic distance between populations. Am Nat 1972; 106:
283–292.

34 Sedov VV: Slavs in antiquity. Moscow: Archaeological Fund, 1994.
35 Alekseeva TI, Alekseev VP: Ethnogeny of Slavic peoples: an

anthropologist’s view. Ethnologia Slavica (Bratislava) 1977; 8–9:
13–23.

36 Malyarchuk BA, Derenko MV: Mitochondrial DNA variability in
Russians and Ukrainians: implication to the origin of the Eastern
Slavs. Ann Human Genet 2001; 65: 63–78.

37 Kravchenko SA, Slominsky PA, Bets LA et al: Polymorphism
of STR loci of the Y chromosome in three populations of Eastern
Slavs from Belarus, Russia and Ukraine. Russ J Genet 2002; 38:
97–104.

38 Laitinen V, Lahermo P, Sistonen P, Savontaus M-L: Chromosomal
diversity suggests that Baltic males share common Finno-Ugric-
speaking forefathers. Hum Heredity 2002; 53: 68–78.

39 Macaulay V, Richards M, Hickey E et al: The emerging tree of West
Eurasian mtDNAs: a synthesis of control-region sequences and
RFLPs. Am J Hum Genet 1999; 64: 232–249.

40 Cavalli-Sforza LL, Menozzi P, Piazza A: The history and geography of
human genes. Princeton, NJ: Princeton University Press, 1994.

41 Galushkin SK, Spitsyn VA, Crawford MH: Genetic structure of
Mongolic-speaking Kalmyks. Hum Biol 2001; 73: 823–834.

East European deversity of 30 ApoB VNTR
DA Verbenko et al

451

European Journal of Human Genetics


