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ABSTRACT Seventeen population groups within the Russian Federation were characterized for the first time 
using a panel of 15 genetic markers that are used for DNA identification and in forensic medical examinations. 
The degree of polymorphism and population diversity of microsatellite loci within the Power Plex system 
(Promega) in Russian populations; the distribution of alleles and genotypes within the populations of six cities 
and 11 ethnic groups of the Russian Federation; the levels of intra- and interpopulation genetic differentiation 
of population; genetic relations between populations; and the identification and forensic medical characteristics 
of the system of markers under study were determined. Significant differences were revealed between the Rus-
sian populations and the U.S. reference base that was used recently in the forensic medical examination of the 
RF. A database of the allelic frequencies of 15 microsatellite loci that are used for DNA identification and foren-
sic medical examination was created; the database has the potential of becoming the reference for performing 
forensic medical examinations in Russia. The spatial organization of genetic diversity over the panel of the STR 
markers that are used for DNA identification was revealed. It represents the general regularities of geographical 
clusterization of human populations over various types of genetic markers. The necessity to take into account a 
population’s genetic structure during forensic medical examinations and DNA identification of criminal suspects 
was substantiated.
KEYWORDS microsatellites; short tandem repeats; allelic frequencies; forensic medical examination; DNA iden-
tification; population of Russia; reference database; genetic diversity; gene geography
ABBREVIATIONS MI RF – Ministry of Interior of the Russian Federation; PCR – polymerase chain reaction; 
He – expected heterozygosity; AMOVA – Analysis of molecular variance; CODIS – combined DNA index system; 
EDNAP – the European DNA Profiling Group; ENFSI – European Network of Forensic Science Institutes; ESS – 
European Standard Set; MP – matching probability; PD – power of discrimination; PE – power of exclusion; 
PI – paternity index; SNP – single nucleotide polymorphism; STR – short tandem repeats; UPGMA – unweighted 
pair group method with arithmetic mean

INTRODUCTION
Molecular genetic analysis methods are now widely 
applied in the identification of the biological samples 
of individuals: victims of crimes, disasters, and acts of 

terrorism, criminals, and contingent of special divisions 
of armies or law enforcement. A genetic DNA analysis 
in forensic medical examinations has two stages. At the 
first stage, the DNA characteristics of the samples col-
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lected at the locus delicti are determined. At the second 
stage, they are matched with the DNA collected from 
the suspects or relatives of the victims. If there is no 
match of the genotypes, that points to the fact that the 
samples examined do not belong to the individual in 
question (taking into account the exclusion probabil-
ity). When genotypes match, the probability of their 
random matching, i.e., the probability that other indi-
viduals may have the same genotypes, is also taken into 
account.

The probability of a random match is calculated on 
the basis of data on the occurrence frequencies of the 
alleles (and genotypes) of the analyzed panel of genetic 
markers in reference populations. In order to create 
such reference databases, population samples collected 
with allowance for the population genetic structure of 
certain ethno-territorial groups are used. Allelic fre-
quencies in various populations and groups have been 
published and presented in databases. These reference 
databases serve as a legally valid basis for forensic 
medical conclusions in interpreting the results of geno-
type comparisons.

 The reliability and efficiency of DNA identification 
depends on two key factors: on the choice of the locus 
panel and the choice of the reference population.

Selection of the loci panel. The genetic markers that 
are used for forensic medical expertise should be highly 
polymorphic and should possess a high resolution ca-
pacity. Multiallelic (mostly consisting of 8–10 alleles) 
unlinked microsatellite markers – STR (Short Tandem 
Repeats) loci are considered to be the most efficient 
ones. However, different panels of these STR markers 
are used in different regions.

In Europe, Interpol uses two standards of loci sets – 
ENFSI (the European Network of Forensic Science In-
stitutes) and EDNAP (the European DNA Profiling 
Group), consisting of seven STR loci each. In 2005, an 
agreement on the unification of the loci systems used 
in Europe was signed. The ENFSI proposed six more 
markers as candidates to be included into the Euro-
pean standard set (ESS) [1]. In 2009, the ENFSI add-
ed five out of six candidate markers to its standard, 
thus broadening the European Standard panel ESS 
to 12 STR: TH01, vWA, D18S51, D8S1179, D3S1358, 
FGA, D21S11, D1S1656, D2S441, D10S1248, D12S391 
и D22S1405. In 2010, the standard was approved by the 
European Union.

Starting in 1994, the CODIS (Сombined DNA Index 
System) system has been in use in the United States, its 
full format comprising 13 loci (D7S820, D13S317, CS-
F1PO, TPOX, D16S539, TH01, vWA, D5S818, D18S51, 
D8S1179, D3S1358, FGA, D21S1). The CODIS and 
ENFSI systems have seven markers in common from 
the EDNAP/ENFSI primary standard.

In all the aforementioned systems (with the excep-
tion of the polymorphic autosomal STR loci,) another 
locus (amelogenin) is used, the size of its PCR frag-
ments being different on the X and Y chromosomes, 
which allows for the determination of the sex of an in-
dividual by analyzing the DNA of a biological sample.

When creating these systems, among the several 
tens of STR loci that had been tested, the most highly 
polymorphic ones within the majority of the examined 
populations were selected. For the convenience of ge-
netic typing, the PowerPlex 16 system was designed, 
enabling the simultaneous amplification of 16 polymor-
phic loci in a single test tube, which considerably sim-
plifies the analysis and reduces its cost. In addition to 
the amelogenin locus and the 13 loci from the CODIS 
system, this kit also comprises two highly polymorphic 
and easily readable pentanucleotide markers (PentaD 
and PentaE) [2].

On December 3, 2008, the Federal Law of the Rus-
sian Federation On State Genomic Registration in the 
Russian Federation was adopted. The law provides for 
the creation of the Federal database of genomic infor-
mation under the Ministry of the Interior of the Rus-
sian Federation.  Order of the Ministry of the Interior 
of the RF no. 70 dated February 10, 2006, is the official 
statutory act regulating the gene typing procedures for 
DNA identification; in the edition dated May 21, 2008, 
it establishes a set consisting of 12 STR markers and 
the amelogenin locus, which is totally identical to the 
American CODIS standard, as a mandatory set.

Selection of the reference population. In order to 
reliably compare genotypes in each case, the choice of 
the reference population should depend on the group 
that the individual who has left biological marks be-
longs to. In actual practice, the reference population is 
usually selected among the populations represented in 
the criminal databases which were studied using this 
panel of STR markers.

The less the reference population represents the 
gene pool of a tested group, the more individuals within 
this group have alleles that are not  in the reference 
database, which results in a considerable decrease in 
the discrimination capacity of the method. There are 
correlations between the number (percentage) of indi-
viduals who have alleles that are not in the reference 
population and the genetic distance between the refer-
ence population and the population under analysis [3].

The use of an inadequate reference group may re-
sult in a decrease in the total identification probabil-
ity by several orders of magnitude. The situation can 
be improved by introducing corrections based on the 
maximum degree of genetic differences between sub-
populations within a reference population (e.g., an eth-
nic group). In order to introduce such a correction, it is 
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necessary to have information on the genetic differen-
tiation between populations (Fst) with respect to the 
loci used for each specific group within each specific 
territory. This correction permits the replacement of 
alleles and genotypes that are unknown for the refer-
ence population by their calculated frequencies, with 
allowance made for the differentiation degree Fst [4]. It 
is assumed that these calculated frequencies take into 
account the maximally possible differences between 
the unknown and reference populations.

Even if the group of an individual to whom the bio-
logical sample belongs is unknown, it can be identified 
with a certain probability, provided that there are pop-
ulation databases. Thus, when identifying the victims 
of the World Trade Centre terrorism act in New York, 
if the remains belonged to an unknown group, the 
probability was calculated using all four major Ameri-
can groups as reference points; the most conservative 
estimate was used as the final one [5]. After four years, 
1,594 remains have been identified out of 2,749; 850 of 
those were identified only on the basis of data of a DNA 
analysis [5].

The criminal databases and criteria of comparison 
were developed with allowance for the genetic charac-
teristics of ethno-territorial groups (e.g., see [4]) and are 
published in accordance with specific rules [6]. 

In the United States and Europe, a large massif of 
population has been characterized with respect to the 
loci used in forensic medical examinations. In other 
regions, several tens of population groups have been 
known to have been studied on the basis of panels of 
ENFSI, EDNAP, and CODIS genetic markers [7–14].

 Data on the distribution of individual genetic 
markers from these panels in Russian populations 
has remained fragmentary [15–18]. In terms of inter-
pretability of the data, Russia stands out upon DNA 
identification   by its diverse mix of nationalities and 
vast geographical expanse. The considerable differenc-
es in the range of individual features of the genomes 
that are typical of various ethnic groups, in particu-
lar, the spatially remote ones, have been well known. 
Numerous population genetic studies of the Russian 
population performed using various systems of genetic 
markers, including mtDNA, the Y chromosome, and 
autosomal markers, have demonstrated that the range 
of interpopulation variability for different ethnic and 
territorial groups of the RF exceeds considerably the 
variability of the entire population of Europe [19–22]. 
However, because of the absence of systematic infor-
mation on the RF population in terms of the marker 
panels that are commonly accepted in the world, the 
data on the frequencies of genetic characteristics in the 
population of the U.S. and Europe are used in practice 
for DNA identification in the RF, although whether 

these data can be applied to the RF population has not 
been assessed.

In this context, our work was aimed at determin-
ing the allelic frequencies of 15 autosomal STR loci 
from the PowerPlex 16 system in six urban population 
groups and 11 ethnic groups in the RF. A solution to 
this problem will allow to characterize the genetic vari-
ability of the Russian population using this system of 
markers and will lay the basis for the creation of our 
own reference population for DNA identification and 
forensic medical examinations in Russia.

EXPERIMENTAL

Populations
Seventeen population groups with a total of 1,156 peo-
ple representing different geographical regions of Rus-
sia (European part of the RF, the North Caucasus, the 
Volga–Ural region, Siberia) and belonging to different 
linguistic groups and different anthropological types 
were examined.

Six samplings represent the Russian urban popula-
tion: Moscow (N = 60), Belgorod (N = 50), Orel (N = 51), 
Orenburg (N = 50), Yaroslavl (N = 50), and Tomsk (N 
= 185). Eleven samplings represent a wide range of the 
Russian population and neighboring countries: Komi 
(N = 50), Mari (N = 52), Khakas (N = 92), Bashkir (N = 
70), Tatar (N = 61), Chuvash (N = 53), Dargins (N = 48), 
Avars (N = 50), Lezgins (N = 50), Ukrainians (N = 138), 
and Belorussians (N = 46).

Molecular biology techniques
The amplification of 15 STR loci and the sex marker 
(amelogenin gene) was carried out in the multiplex 
PCR format (one multiplex per all 16 loci) on Applied 
Biosystems and Biometra gradient amplifiers under the 
conditions that were recommended by the manufac-
turer of the commercial PowerPlex system (Promega). 
Fluorescently labeled PCR fragments were separated 
by capillary gel electrophoresis on an ABIPrism 3130 
and an ABIPrism 310 genetic analyzer (Applied Bio-analyzer (Applied Bio- (Applied Bio-
systems). The genotypes were read using Gene Map-
per software (Applied Biosystems). The quality of gene 
typing was controlled using the standard set of alleles 
of all 16 microsatellites (“ladder”) supplied within the 
PowerPlex 16 system; the “ladder” were loaded in each 
gene typing cycle (in each run).

Methods of statistical analysis of the results
The data were analyzed using the modern statistical 
approaches employed in population genetics and fo-
rensic medicine. Correspondence of the observed geno-
type distributions to the Hardy–Weinberg equilibrium 
was estimated by the exact test of Guo and Thomp-
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son [23] implemented using the Arlequin and GenePop 
software. The genetic diversity of populations and the 
genetic variability of 15 STR were analyzed using the 
Arlequin software [24].

The genetic differentiation of the populations was 
analyzed by a calculation of pairwise Fst values and by 
an analysis of molecular variance (AMOVA), using the 
matrix of root-mean-square discrepancies in repeat 
numbers of Rst. The dendrogram illustrating the ge-
netic relationships between the populations was con-
structed using the unweighed pair group method with 
the arithmetic mean (UPGMA) in PHYLIP software.

The variability of the studied loci in the population 
of North Eurasia was analyzed using the database on 
the frequencies of microsatellite markers in 51 popu-
lations that we compiled (the total sampling volume 
was 8,700 individuals). The database comprised both 
our own results presented in this paper and the data 
from earlier studies [25–39], including data on the 
populations of 12 countries (Belorussia, Bosnia, Greece, 
China, Macedonia, Mongolia, Pakistan, Poland, Rus-
sia, Slovakia, Sweden, and the Czech Republic). The 
database contains information on 17 loci (D3S1358, 
TH01, D21S11, D18S51, D13S317, D7S820, D16S539, 
CSF1PO, vWA, D8S1179, TPOX, FGA, D5S818, Pen-
taD, PentaE, D2S1338, and D19S433). However, since 
five markers (D5S818, PentaD, PentaE, D2S1338, and 
D19S433) had not been studied in a number of popula-
tions, the remaining 12 loci were used in the analysis.

The analysis of this vast massif was carried out us-
ing both statistical and cartographic gene-geograph-
ic. The statistical analysis consisted of the calculation 
of genetic distances according to Nei [40] using the 
DJgenetic software designed by Yu.A. Seregin and 
E.V. Balanovskaya. The Statistica 6.0 program (Stat-
Soft. Inc., 2001) [41] was used to visualize the resulting 
genetic distance matrix on a multidimensional scaling 
diagram.

Heterozygosity with respect to each locus was cal-
culated, and the averaged (over 12 loci) values of het-
erozygosity were obtained in each population. These 
values were mapped using GeneGeo software that was 
developed by a number of authors for several years. 
The calculation of interpolated heterozygosity values 
was performed on the basis of the data in reference 
points (immediately in the populations under study) to 
a uniform grid consisting of 335,661 nodes (881× 381); 
the 301,681 nodes remaining after the water area were 
eliminated. Interpolation was performed using the gen-
eralized Shepard’s method. The cube of the weighting 
function was employed; i.e., the contribution of each 
point into the calculated value in a certain node was in 
reverse proportion to the cube of the distance between 
the reference point and the node; the reference points 

at a distance of more than 3,000 km were not taken into 
account.

The discrimination potential of the system, which 
consisted of 15 microsatellites, was estimated using 
standard medical forensic indices that included the 
matching probability (MP), power of discrimination 
(PD), power of exclusion (PE), and paternity index (PI) 
[42].

RESULTS AND DISCUSSION

Genetic variability of 15 STR PowerPlex 16
In addition to 15 unlinked autosomal STR markers, 
the PowerPlex 16 system, which is intended for deter-
mining an individual’s genetic profile, comprises the 
marker of the amelogenin gene, which is located on X 
and Y chromosomes and is required for sex determina-
tion. Figure 1 shows an example of the multiplex gene 
typing of amelogenin and 15 satellites from the Power-
Plex 16 system in one of the samples. Only the panel of 
microsatellite markers (15 STR) was used to perform 
the analysis in this study.

The results of a study of the genetic variability of 
these 15 STR in Russia and neighboring countries are 
listed in Table 1. The average level of intra-population 
genetic diversity (expected heterozygosity, He) of 
15 STR in the populations under study was 0.796; the 
most variable loci (He > 0.85) – D21S11, D18S51, Pen-
taE, and FGA – have more than 15 alleles. The highest 
number of alleles was found in loci FGA (20), PentaE 
(18), and D18S51 (18).

Pentanucleotide microsatellites PentaE are charac-
terized by the highest dispersion of the repeat num-
ber (the 18-repeat difference between the shortest and 
the longest alleles) and PentaD (17-repear dispersion). 
The least polymorphic marker (He = 0.612), TPOX, has 
eight alleles. The expected heterozygosity of the re-
maining 10 microsatellites of the PowerPlex 16 system 
varies within the range 0.74 < He < 0.82, the number of 
alleles detected varying from 8 to 12.

Distribution of alleles and genotypes over populations
In the populations consisting of 255 genotype distri-
butions (15 loci in 17 samplings) that were studied, 
the deviation from the Hardy–Weinberg equilibrium 
(HWE) (p < 0.05) was detected only in 21 of them. The 
accumulation of deviations from the Hardy–Weinberg 
equilibrium was detected only in the Tomsk popula-
tion (five loci out of 15). However, when introducing the 
Bonferroni correction for comparison multiplicity, the 
actual significance level for the kit consisting of 15 tests 
per population is equal to 0.0035; therefore, with allow-
ance for the Bonferroni correction, only one deviation 
from the Hardy–Weinberg equilibrium (FGA locus in 
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the Tomsk population) turned out to be statistically sig-
nificant.

An example of allele distribution in populations 
(D7S820 locus in six Russian cities) is shown in Fig. 2. 
The genetic variability indices of 17 populations over 
15 microsatellites are summarized in Table 2. All 
17 populations have close degrees of genetic diversity 
(the average heterozygosity fluctuating within 0.771–
0.803). The highest degree of genetic variability was 
revealed in the populations of Lezgins, Ukrainians, and 

Tomsk residents; the lowest degree was revealed in the 
Mari, Khakas, and Orel residents.

Gene geography of genetic diversity of PowerPlex 16 
markers in North Eurasia
The heterozygosity of 12 loci (D3S1358, TH01, D21S11, 
D18S51, D13S317, D7S820, D16S539, CSF1PO, vWA, 
D8S1179, TPOX, and FGA) was calculated in 51 popu-
lations of Russia and neighboring countries using both 
our data and the results obtained by other authors rep-

FGA

AMEL

PentaD

PentaE

TPOX

D8S1179

vWA

CSF1PO

D16S539

D5S818

D7S820

D13S317
D3S1358

TH01

D21S11

D18S51

Fig. 1. Multiplex 
genotyping of 15 
microsatellites and 
the amelogenin 
locus (AMEL) in 
the PowerPlex 16 
System by capil-
lary electropho-
resis.

Table 1. Genetic variability of 15 STR from the PowerPlex 16 system

Locus Expected het-
erozygosity

Average expected 
heterozygosity 
per population

Number of 
alleles

Average number of 
alleles  

per population

Dispersion 
of repeat 
numbers

Average dispersion of 
repeat numbers per 

population
D3S1358 0.77543 0.76634 8 5.647 7 4.765

TH01 0.78141 0.76693 8 5.588 6 3.588
D21S11 0.84974 0.84229 17 10.588 9 6.353
D18S51 0.87419 0.86735 18 11.882 16 11.118
PentaE 0.91497 0.90474 18 15.176 18 16.118
D5S818 0.73859 0.73546 9 6.529 8 5.941

D13S317 0.79676 0.78925 10 7.176 9 6.176
D7S820 0.80174 0.79478 12 7.471 10 6.471

D16S539 0.78966 0.78064 9 7.000 7 5.941
CSF1PO 0.73503 0.73035 8 5.882 7 5.059
PentaD 0.82446 0.82034 13 8.588 17 8.588

vWA 0.79355 0.79053 10 7.176 9 6.235
D8S1179 0.79676 0.79044 11 8.471 10 7.647

TPOX 0.61227 0.60398 8 5.294 7 4.412
FGA 0.85811 0.85062 20 10.941 13 8.882

Average per 
locus 0.79618 0.78893 11.933 8.227 10.200 7.153
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resented in the database compiled by us (Fig. 3). Al-
though all the markers contained in the PowerPlex 16 
panel were selected on the basis of the maximum in-
tra-population variability (including heterozygosity), 
the populations in different Russian regions differ in 
terms of their heterozygosity level. The map demon-
strates that the maximum heterozygosity (above 79%) 
is observed in the populations of Western and Central 
Europe and in the neighboring western regions of NIS 
countries. The heterozygosity level decreases gradu-
ally when moving eastwards. Thus, in the European 
part of Russia and the Trans-Urals, it is equal to 78%; 
in Central Asia and Altai, approximately 77%; in the 
Baikal region, less than 77%. This regularity of gradual 
decrease in heterozygosity across the entire Eurasian 
continent (from the Atlantic to the Pacific coast) can be 
clearly traced to an appreciable degree, although sepa-
rate populations may fall out of the general trend (e.g., 
heterozygosity in the Kostroma population abruptly 
decreases). In the deep south, an increase in heterozy-
gosity to maximum values exemplified by the Pakistani 
population was observed.

The longitude tendency towards decreasing gete-
rozygosity (from the west to the east of North Eurasia) 
that was first described in the markers of the “criminal 
panel” has been well-known on the basis of the conven-
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Fig. 2. Allelic distribution of the D7S20 locus in populations 
of six Russian cities. The X axis shows the alleles (repeat 
numbers), the Y axis shows the allelic frequencies (frac-
tions of one).
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Fig. 3. Map of average heterozygosity for 12 autosomal microsatellites (D3S1358, TH01, D21S11, D18S51, D13S317, 
D7S820, D16S539, CSF1PO, VWA, D8S1179, TPOX, and FGA). The color saturation level corresponds to the level of 
average heterozygosity (exact delimiter values are indicated on the map scale). Populations are depicted by red dots. 
In the legend window, the following parameters are indicated: the number of reference points (K); the number of the 
map grid nodes (N); minimum (min), maximum (max) and average (aver) heterozygosity values, and the standard devia-
tion (std).
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tional gene-geographic studies of the population of the 
USSR. Heterozygosity maps of the conventional (im-
munobiochemical) markers are given in [43], which also 
demonstrate a decrease in variability from the Euro-
pean part towards Siberia. The reason for the decrease 
in heterozygosity can be accounted for by the more in-heterozygosity can be accounted for by the more in-r by the more in- more in-
tense genetic drift in the relatively small and isolated 
Siberian populations; whereas the effect of genetic 
drift in the East, and particularly in the Western part 
of Europe, is levelled by intense population migrations.

Genetic differentiation of populations
The analysis of the genetic differences between pop-
ulations was performed by the molecular variance 
method (AMOVA) with account  for the variation in 
allelic frequencies, and the dispersion of tandem re-
peat numbers  revealed significant genetic variations 
between the groups of populations studied. All Russian 
populations, the Ukrainians, Belorussians, and Komis 
are characterized by a community of the gene pool with 
respect to the studied markers and the absence of a 
significant inter-population differentiation (Fst values 
compared pairwise are not higher than 0.25%). Mean-
while, the group of Slavic populations significantly dif-
fers from most of the other populations. Populations 
of the Volga-Ural region (the Tatars and Chuvash), as 
well as the Mari, have no significant genetic difference 
between each other; however, they differ from other 
ethnic groups. Two other groups that are character-
ized by significant differences from all the other groups 
are the populations from the North Caucasus (Dargins, 
Avars, and Lezgins), the Bashkirs, and the Khakas.

The total level of genetic differentiation of the pool 
consisting of 17 populations turned out to be relative-
ly high (Fst = 0.0267, or 2.67%) and highly significant 
(p > 0.00001).

Meanwhile, the analysis inside the massif consisting 
of six Russian urban populations, in spite of the con-
siderable territorial sparseness of the cities that rep-
resent the center of the European section of Russia 
(Moscow), its south (Belgorod, Orel), north (Yaroslavl), 
the Urals (Orenburg), and Siberia (Tomsk) revealed 
the total absence of inter-population differences be-
tween 15 microsatellites in these populations in terms 
of frequencies and molecular dispersion. The Fst value 
in six Russian urban populations was equal to 0.00095 
(p = 0.6187).

Within the context of using and studying 15 STR to 
perform DNA identification, these data point to the 
possibility of using the sum frequencies over Russian 
megapolises when carrying out a medical forensic ex-
pertise of the urban (predominantly Russian) popula-
tion. In addition, these data indicate the necessity for 
accounting for data on the frequencies of the “identifi-

cation” markers in other ethnic groups of the Russian 
Federation to perform calculations in these populations.

The comparison of the frequencies of 15 STR in an 
aggregate sampling of the populations of Russian cities 
with the frequencies in Caucasian Americans supplied 
by Promega company [2] as the reference frequencies 
for the PowerPlex 16 system by an analysis of the mo-
lecular dispersion for each locus revealed reliable dif-
ferences in frequencies in 12 out of the 15 microsatellite 
loci (Table 3).

Genetic relationships between populations: phyloge-
netic analysis
The tree of genetic inter-population relationships was 
constructed based on the matrix of pairwise genetic 
distances between populations with respect to the com-
bination of the 15 STR loci obtained by AMOVA and 
with account for the differences in allelic frequencies 
and the dispersion of the tandem repeat number. The 
dendrogram constructed by the unweighed pair-group 
method with an arithmetic mean (UPGMA) in PHYLIP 
software is shown in Fig. 4.

The arrangement of populations on the dendrogram 
completely coincides with the revealed pattern of ge-
netic differentiation in the Russian population over the 
DNA markers that are used for medical forensic ex-
pertise. The populations studied are grouped into four 
clusters, each of these clusters being characterized by 
a community of the gene pool of populations inside the 
cluster and significant differences (and large genetic 
distances) from the populations belonging to other clus-

Table 3. Comparison of 15 STR frequencies for each locus 
in Russian urban populations and in Caucasian Americans

Locus Fst p

D3S1358 0.00169 0.02444+-0.00383
TH01 0.00238 0.00782+-0.00343

D21S11 0.00113 0.04008+-0.00603
D18S51 0.00380 0.00000+-0.00000
PentaE 0.00181 0.00196+-0.00136
D5S818 0.00091 0.13001+-0.01025

D13S317 0.00638 0.00000+-0.00000
D7S820 0.00436 0.00000+-0.00000

D16S539 0.00132 0.05963+-0.00636
CSF1PO 0.00205 0.02835+-0.00465
PentaD 0.00460 0.00000+-0.00000

vWA 0.00154 0.02639+-0.00540
D8S1179 0.00256 0.00391+-0.00185

TPOX 0.00438 0.00489+-0.00203
FGA 0.00095 0.06256+-0.00769
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ters.
The most distant cluster is formed by the Khakas 

and Bashkir populations, the ones with the highest pro-
portion of the mongoloid race component. The rest of 
the populations are much closer to each other than they 
are to the Bashkirs or Khakas; however, they can also 
be clearly divided into three separate groups – Slavic 
populations (all of the Russian megapolises that were 
studied, Ukrainians, Belorussians) and Komis; popula-
tions of the Volga-Ural region (Chuvash, Tatar, Mari); 
and North Caucasus populations (Dargins and Avars). 
The location of the Lezgin population in a cluster with 
the Turk-lingual and the Uralian-lingual populations 
of the Volga-Ural region is a surprise. This is likely as-
sociated with random effects due to the small number 
of samplings.

Genetic relationships between populations: multidi-
mensional scaling
The location of the populations in the space within the 
first two dimensions of multidimensional scaling is 
shown in Fig. 5. The spatial distribution of a population 
represents the degree of similarity between the indi-
vidual gene pools in the best way. It can be seen that all 
European populations are concentrated in the left-hand 
side of the plot. The proximity of populations in the Eu-

ropean cluster points to the unity of the gene pool of 
the populations studied (the Swedes, the Greeks, the 
Poles, the Slovaks, a number of East Slavic populations, 
and the Komi). Two more clusters are located in direct 
proximity: the population of the Volga-Ural region and 
the North Caucasus population. It is noteworthy that, 
as opposed to a phylogenetic analysis, the multidimen-
sional scaling places the Lezgins into a cluster together 
with the Dargins and Avars. The Asian populations 
are located in the right-hand side of the plot. Here, the 
largest and vastest (i.e. genetically diverse) cluster was 
formed by the South Siberian and Central Asian popu-
lations. The populations of the extreme northwest of 
Siberia (the Koryak and Chukchi) stand apart and form 
their own cluster. Finally, the East Asian populations 
(the Chinese and Koreans) also form a separate clus-
ter. It is interesting that the population of Russians who 
have been living in China for several generations [35] 
cannot be genetically differentiated from the native 
populations of East Asia.

A conclusion can be reasonably drawn that the panel 
consisting of the 12 autosomal microsatellite loci that 
are used in the practical activity of medical forensic 
experts also happens to be highly informative for fun-
damental studies into the gene pool. Firstly, this fact 
is attested to by the consistency between the genetic 
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Fig. 5. Location of the first two dimensions of the mul-
tidimensional scaling of the genetic distance matrix for 
51 populations (17 populations from this paper and 
34 populations from earlier published data). The Euro-
pean cluster includes the following populations: Swedes, 
Greeks, Komis, Czechs, Slovaks (2 samples), Polish 
(3 samples), Ukrainians, Belorussians, Russians from 
Belgorod (2 samples), Orel (2 samples), Yaroslavl, Kos-
troma, Novgorod, Pskov, Mineralnye Vody, Rostov-on-
Don, Saratov, Orenburg, and Tomsk.

clusterization of populations with respect to the mark-
ers set and the geographic (and linguistic) grouping 
of the same populations. Secondly, the distribution of 
populations within the plot space repeats their spatial 
distribution on the geographical map (e.g., the Koryaks 
and Chukchis are located in the top-right corner of 
the plot and in the top-right corner of the geographi-
cal map of Russia). Thirdly, the relative dimensions of 
the clusters correlate well with the concepts that were 
earlier formulated in science (e.g., decreasing heterozy-
gosity when moving eastwards, the pronounced het-
erozigosity of the Siberian cluster). Let us specify that 
high interpopulation variability in Siberia agrees well 
with the low interpopulation variability (heterozygo-
sity) of these populations (Fig. 3), since both features 
typically result from genetic drift, its intensity being 
higher in small and isolated Siberian populations. An-
other significant conclusion consists in the contrast be-
tween the homogeneity of European populations (such 
geographically distant from each other populations as 
the Swedes, Greeks, and Russians are almost indiscern-
ible in the plot) and heterogeneity of the other regions 
studied. The populations of the Caucasus, Volga-Ural 
region, Southern Siberia, Northeastern Siberia, and 
East Asia have drastically different allelic frequencies. 
In addition, Siberian populations differ considerably 

between each other.
This fact is likely to be of great practical significance, 

since it becomes clear in which geographic range the 
databases concerning the frequencies of the markers 
used in medical forensic expertise can be employed. 
Thus, the use of separate databases for native popula-
tions of the Caucasus, the Volga-Ural region, and Si-
beria can be recommended when calculating the prob-
ability of a random match during the identification of a 
person. For Siberia, an even more detailed zoning may 
be required. The data on the allelic frequencies in Rus-
sian populations that are presented in our study may 
serve as one of the most important sources of informa-
tion in the compilation of these databases.

Identification potential of 15 STR in populations of 
Russia and neighboring countries
To assess the possibility of using the marker system 
under study for DNA identification in medical foren-
sic expertise, the standard population statistic indices 
characterizing the identification potential of the mark-
er system were determined. These indices include the 
matching probability (MP), the power of discrimination 
(PD), the power of exclusion (PE), and the paternity 
index (PI). The MP and PD indices are used in the DNA 
identification of a person, whereas the PE and PI in-
dices are calculated when determining paternity. The 
values of these indices in certain populations, as well 
as those in Caucasian Americans, are listed in Table 4.

In general, all the populations studied had very high 
values of the discrimination potential of the Power-
Plex 16 system. The matching probability of genotypes 
with respect to 15 STR markers for a total sampling 
of the Russian urban population was equal to 1 out of 
281 000 000 000 000 000 (1 out of 281 quadrillion) in-
dividuals. In other populations, this index is slightly 
lower, but it still considerably exceeds all reasonable 
thresholds for DNA identification.

It should also be noted that the paternity indices in 
all populations are higher than the values set by the 
statutory acts prevailing on the territory of the Rus-
sian Federation by several orders of magnitude. Thus, 
the following levels of evidence of the expert investiga-
tion was ascertained in  Section 7 of the Instruction for 
Organization and Production of Expert Investigations 
in the Bureau of Medical Forensic Expertise approved 
by  Order of the Ministry of Healthcare of the Russian 
Federation no. 161 dated March 24, 2003: The Bayesian 
probability of paternity is at least 0.9990, and the pa-
ternity index (PI) is at least 1,000 for a case of complete 
trio mother–child–putative father; and the Bayesian 
probability is at least 0.9975, and the PI is at least 400 
for a duet child–putative father.

The resulting indices of informativeness of 
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Table 4. Identification parameters of 15 STR in certain populations

Population Probability of geno-
type matching (MP)

MP recalculated for 1 
out of...

Power of exclusion 
(PE) Paternity index (PI)

Belgorod 1.66 x 10-16 6.33 x 1015 0.999998 742717
Orel 2.53 x 10-16 3.95 x 1015 0.9999992 1003109

Orenburg 1.06 x 10-16 9.36 x 1015 0.9999991 1065170
Yaroslavl 2.46 x 10-16 4.04 x 1015 0.9999997 3378695

Tomsk 3.44 x 10-18 2.81 x 1017 0.9999990 880293

Russians, in total 3.19 x 10-18 3.12 x 1017 0.9999989 834233

Belorussians 9.11 x 10-17 1.08 x 1016 0.999997 284297
Ukrainians 6.34 x 10-18 1.56 x 1017 0.9999995 1834277

Komi 5.60 x 10-17 1.73 x 1016 0.999998 451441
Mari 3.28 x 10-16 3.04 x 1015 0.99998 46918

Khakas 7.42 x 10-17 1.37 x 1016 0.99991 192783

Caucasian Americans 1.83 x 1017 0.9999994 1520000

the15 STR for DNA identification in a medical forensic 
expertise for the Russian and Ukrainian populations 
either exceed those of U.S. Caucasian Americans or are 
very close to them (the reference data provided by Pro-
mega company). In other ethnic groups of Russia, these 
indices are somewhat lower either due to the smaller 
volume of the samplings or due to the features of their 
population-genetic structure, but in any case they re-
main very highly informative.

RusDNAid DNA Identification Database
Primary data on the allelic frequencies of 15 micros-
atellite loci from the PowerPlex 16 system in 17 pop-
ulations within Russia and neighboring countries are 
represented in the RusDNAid database designed by 
us. The database is hosted online on the websites of the 
Institute of Medical Genetics, Siberian Branch of the 
Russian Academy of Medical Sciences (http://www.
medgenetics.ru/web-resources/pp16-rus/) and the 
Vavilov Institute of General Genetics, Russian Acad-
emy of Sciences (www.vigg.ru/info/data_bases/hu-
man/DNAid). The frequencies mentioned can be used 
as reference frequencies (for the corresponding popu-
lation or ethnic group) in order to calculate identifica-
tion probabilities for a genetic expertise, including the 
identification of a person, establishment of paternity, 
etc. Moreover, these data can be used in comparative 
population genetic studies.

CONCLUSIONS
Estimates of the genetic variability of microsatellite 
loci, which are used for DNA identifications that com-
ply with the international standards for such studies, 

were obtained for the first time in this study for the 
population of Russia and neighboring countries. The in-
formativeness and resolution capacity of the full panel 
of STR loci was first estimated, and the reference al-
lelic frequencies for Russian urban populations, certain 
ethnic groups of the Russian Federation, and neighbor-
ing countries were obtained.

The identification indices of the systems used for 
DNA identification based on the CODIS international 
standard comprising 13 STR loci, or its extended ver-
sion consisting of 15 STR, that make up the Power-
Plex 16 system (the reference allelic frequencies and 
indices of the identification capacity of gene typing 
systems) were estimated for most of the populations 
of European countries, the USA, Japan, and a number 
of other countries. These reference databases under-
lie the performance of the national services of medi-
cal forensic expertise. In Russia, until recently, there 
was no reference database on the locus contained in the 
standard identification panels. The results of the pre-
sent study allow to fill this gap and offer a possibility to 
align the standards of personality typing with interna-
tional practice.

The spatial organization of genetic diversity, which 
was revealed by a gene-geographic method, phylo-
genetic analysis and multidimensional scaling on the 
basis of the panel of STR markers used for DNA iden-
tification, demonstrates the general regularity of the 
geographic clusterization of human populations on the 
basis of different types of genetic markers, from the 
conventional protein polymorphism to full-genomic 
SNP sets (e.g., see [22]); it shows a considerable tenden-
cy within the gene pool of the Russian population and 
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neighboring countries towards subdivision and the ne-
cessity to account for a population’s genetic structure 
when performing medical forensic investigations and 
the DNA identification of  persons in criminal cases. 

The authors are grateful to Promega company for 
providing the PowerPlex 16 systems. This work 

was supported by the Russian Foundation for Basic 
Research (grants № 07-04-01749, 09-04-00143, 
10-04-01603, 10-06-00451, and 11-04-01867), 

the Federal Special-Purpose Program “Research 

and Developments on Priority Directions of the 
Development of the Science and Technology Complex 

of Russia for 2007–2011” (Government contract 
№ 16.512.11.2033), the Federal Special-Purpose 

Program Scientific and Educational Specialists of 
Innovation Russia” (Government contracts № P321 

and 02.740.11.0284), and the Program of Fundamental 
Research of the RAS Presidium “Molecular and Cell 

Biology”.

REFERENCES
1. Gill P., Fereday L., Morling N., Schneider P.M. // Forensic 

Sci. Int. 2006. V. 156. P. 242–244.
2. www.promega.com
3. Rowold D.J., Herrera R.J. // Forensic Sci. Int. 2005. V. 151. 

P. 59–69. 
4. Human Identification: The use of DNA markers / Ed. B. 

Weir. London: Kluwer Acad. Publ., 1995. 
5. Biesecker L.G., Bailey-Wilson J.E., Ballantyne J. // Science. 

2005. V. 310. P. 1122–1123.
6. Lincoln P., Carracedo A. // Forensic Sci. Int. 2000. V. 110. 

P. 3–5.
7. Budowle B., Shea B., Niezgoda S., Chakraborty R. // J. 

Forensic Sci. 2001. V. 46. P. 453–489.
8. Lessig R., Willuweit S., Krawczak M. // Leg. Med. (Tokyo). 

2003. V. 5 Suppl 1. P. 160–163.
9. Budowle B., Moretti T.R., Baumstark A.L., Defenbaugh 

D.A., Keys K.M. // J. Forensic Sci. 1999. V. 44. P. 1277–1286.
10. Borys S., Vanstone H., Carmody G., Fourney R. // J. Fo-

rensic Sci. 2000. V. 45. P. 945–946. 
11. Kuperschmid T., Calicchio T., Budowle B. // J. Forensic 

Sci. 1999. V. 44. P. 392–395.
12. Gehrig C., Hochmeister M., Borer U.V., Dirnhofer R., Bu-

dowle B. // J. Forensic Sci. 1999. V. 44. P. 1035–1038.
13. Borys S., Iwamoto R., Miyakoshi J., Carmody G., Fourney 

R. // J. Forensic Sci. 1999. V. 44. P. 1319.
14. Bhoopat T., Leaungsiyakul T., Steger H.F. // Leg. Med. 

(Tokyo). 2006. V. 8. P. 198–200.
15. Zhivotovsky L.A., Akhmetova V.L., Fedorova S.A., Zhirk-

ova V.V., Khusnutdinova E.K. // Forensic Sci. Int. Genet. 
2009. V. 3. P. E111–116. 

16. Malyarchuck A.B.., Wozniak M., Czarny J., Derevenko 
М.�., Grzybowski T., Miscicka-Sliwka D. // Mol. Biol. (Mos-.�., Grzybowski T., Miscicka-Sliwka D. // Mol. Biol. (Mos-�., Grzybowski T., Miscicka-Sliwka D. // Mol. Biol. (Mos-., Grzybowski T., Miscicka-Sliwka D. // Mol. Biol. (Mos-
cow). 2007. V. 41. № 1. P. 1-4.

17. Shorokhova D.A., Stepanov V.A., Udovenko Y.D., Nov-
oselov V.P., Puzyrev V.P. // Mol. Biol. (Moscow). 2005. V. 39. 
№ 6. P. 845-850.

18. Stepanov V.A., Melnikov A.V., Lash-Zavada A.Y., Kharkov 
V.N., Borinskaya S.A., Tyazhelova T.V., Zhukova O.V., Schne-.N., Borinskaya S.A., Tyazhelova T.V., Zhukova O.V., Schne-Borinskaya S.A., Tyazhelova T.V., Zhukova O.V., Schne- S.A., Tyazhelova T.V., Zhukova O.V., Schne-S.A., Tyazhelova T.V., Zhukova O.V., Schne-.A., Tyazhelova T.V., Zhukova O.V., Schne-zhelova T.V., Zhukova O.V., Schne- T.V., Zhukova O.V., Schne-T.V., Zhukova O.V., Schne-.V., Zhukova O.V., Schne-Zhukova O.V., Schne- O.V., Schne-O.V., Schne-.V., Schne-Schne-
ider Y.V., Shil’nikova I.N., Puzyrev V.P., Rybakova A.A., 
Yankovsky N.K. // Leg. Med. 2010. V. 12. № 5. P. 256–258.

19. Stepanov V.A. Etnogenomika naselenia Severnoi Evrazii 
(Ethnogenomics of North Eurasian Population). Tomsk: 
Pechatnaya Manufactura, 2002.  244 p.

20. BalanovskaE.V., Balanovsky O.P. Russkiy genofond na 
russkoy ravnine (Russian Gene Pool on the Russian Plain). 
Moscow: Luch,  2007. 416 p.

21. Khusnutdinova E.K. Molekulyarnaya genetika narodov 
Volgo-Uralskogo regiona (Molecular Genetics of the Volga-
Ural Populations). Ufa: Gilem, 1999. 238 p.

22. Stepanov V.A. // Acta Naturae. 2010. V. 2. № 4 (7). С. 15-30.
23. Guo S., Thompson E. // Biometrics. 1992. V. 48. P. 361–372.
24. Excoffier L., Laval G., Schneider S. // Evolutionary Bio-

informatics Online. 2005. V. 1. P. 47–50.
25. Konjhodžić R., Kubat M., Škavić J. // Int. J. Leg. Med. 

2004. V. 118. P. 119–121.
26. Jakovski Z., Nikolova K., Furac I., Masic M., Janeska B., 

Kubat M. // Int. J. Leg. Med. 2006. V. 120. P. 53–55.
27. Liao G., Liu T., Ying B., Sun L., Zou Y., Wang Z., Fan H., 

Wen F. // J. Forensic Sci. 2008. V. 53. № 1. P. 252–253. 
28. Jacewicz R., Jedrzejczyk M., Ludwikowska M., Berent J. 

// Forensic Sci. Int. Genet. 2008. V. 2. № 1. P. 1–3. 
29. Kovatsi L., Parsons T.J., Just R.S., Irwin J.A. // Forensic 

Sci. Int. 2006. V. 159. P. 61–63.
30. Montelius K., Karlsson A.O., Holmlund G. // Forensic Sci. 

Int. Genet. 2008. V. 2. № 3. P. 49–52.
31. Piatek J., Jacewicz R., Ossowski A., Parafiniuk M., Berent 

J. // Forensic Sci. Int. Genet. 2008. V. 2. № 3. P. 41–43.
32. Rebała K., Wysocka J., Kapińska E., Cybulska L., Miku-

lich A.I., Tsybovsky I.S., Szczerkowska Z. // Forensic Sci. 
Int. 2007. V. 173. № 2–3. P. 235–237.

33. Soták M., Petrejcíková E., Bernasovská J., Bernasovský I., 
Sovicová A., Boronová I., Svicková P., Bôziková A., Gabrik-
ová D. // Forensic Sci. Int. Genet. 2008. V. 3. № 1. P. 21–25.

34. Szczerkowska Z., Kapińska E., Wysocka J., Cybulska L. // 
Forensic Sci. Int. 2004. V. 11. № 144(1). P. 69–71.

35. Zhu B.F., Yang G., Shen C.M., Qin H.X., Fan S.L., Deng 
L.B., Chen F., Chen L.P., Wang H.D., Wang Z.Y., Lucas R., 
Lian Z.M. // Mol. Biol. Rep. 2010. V. 37. P. 3889–3895.

36. Zhivotovsky L.A., Malyarchuk B.A., Derenko M.V., Woz-
niak M., Grzybowski T. // Forensic Sci. Int. Genet. 2009. 
V. 3. № 4. P. 111–116.

37. Simková H., Faltus V., Marvan R., Pexa T., Stenzl V., 
Broucek J., Horínek A., Mazura I., Zvárová J. // Forensic 
Sci. Int. Genet. 2009. V. 4. № 1. P. 15–17.

38. Soták M., Petrejčíková E., Bôžiková A., Bernasovská 
J., Bernasovský I., Sovičová A., Boroňová I., Svičková P., 
Gabriková D., Mačeková S., Carnogurská J., Rębała K., 
Vlček D. // Forensic Sci. Int. Genet. 2010. V. 5. P. e53–62.

39. Rakha A., Yu B., Hadi S., Sheng-Bin L. // Leg. Med. 2009. 
V. 11. № 6. P. 305–307. 

40. Nei M. Molecular Population Genetics and Evolution. 
Amsterdam: North-Holland Publ. Co., 1975. 290 p.

41. StatSoft, Inc. 2001. STATISTICA (data analysis software 
system), version 6. www.statsoft.com.

42. Powerstats Version 1.2, Promega Corporation.
43. Rychkov Y.G., Balanovska E.V. // Genetika. 1992. V.28. P. 

52-75.


