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X�chromosome human genetic markers are widely
used in population and medical genetics and are also
highly interesting to criminology and forensic medi�
cine. In those fields, X�chromosome markers are
mainly used for testing the biological relationship in
complicated cases; however, when sufficiently infor�
mative, they also make it possible to solve common
tasks of individual identification. Unlike autosomal
markers for DNA identification, for which the United
States and Europe have generally accepted standard
sets of 13–20 microsatellite (STR) loci, there are no
generally accepted standards for X�chromosome sys�
tems. With the advent of new technologies for geno�
typing and massive parallel sequencing, STR markers
are gradually giving way to the more common and eas�
ier�to�genotype single nucleotide markers (SNPs)
[1, 2]. To achieve the discriminating power compara�
ble with STR, the number of SNP markers should be
three to four times higher [3]. Panels of X�chromo�
some SNPs (XSNPs), which are created on the basis
of conventional technologies (real�time PCR, capil�
lary gel electrophoresis), do not reach the information
capacity of the systems based on STR markers because of
the small multiplexing capacity of these technologies [4–
7]. Recently, we developed a panel of 66 unlinked XSNPs
(XSNPid) in which genotyping is carried out within
two multiplexes of 36 and 30 markers by MALDI�TOF
mass spectrometry (matrix�assisted laser desorption/ion�
ization with time�of�flight measurements) [8].

The purpose of this work is to describe the genetic
diversity of the XSNPid panel in two Siberian native
populations (Tuvinians and Siberian Tatars) and to
estimate the power of discrimination of the panel for
DNA identification using these populations as an
example.

The sample of Tuvinians (N = 95) was collected in
the city of Kyzyl, and the sample of Siberian Tatars
(N = 76) was collected in the village of Eushta in
Tomsk oblast. The compositions of both the samples
included only unrelated individuals not interbred in
three generations and who signed an informed consent
for the anonymous use of their DNA samples for
research. DNA was isolated from peripheral blood
lymphocytes by the standard method. Genotyping was
carried out by multiplex PCR and separating DNA
molecules by mass by tandem mass spectrometry using
a Sequenom MassARRAY 4 analyzer (Sequenom,
United States) according to the protocols described
previously [9]. Statistical analysis of the frequencies of
genes and genotypes was carried out in the Arlequin
and Haploview software packages [10, 11]. Identifica�
tion characteristics of the system of X�linked single
nucleotide markers were estimated using standard
indices used in forensics and legal medicine as
described previously [12–14].

Six of the 66 markers were excluded from statistical
analysis of allele frequencies and forensic indicators.
Three of them (rs2130835, rs4825220, and rs4830049)
showed low efficiency of genotyping in at least one of
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the populations (call rate below 85%), whereas for the
other 63 markers more than 98% of genotypes were
read. One of the SNPs (rs225067) showed significant,
taking into account the Bonferroni correction, devia�
tion from Hardy–Weinberg equilibrium in females in
the population of Siberian Tatars (the exact test signif�
icance level P < 0.000001). Pairwise analysis of linkage
disequilibrium using the exact test detected four pairs of
markers with repeated SNPs demonstrating significant
deviation from independent inheritance (rs2404797–
rs7888207 in Tuvinians; rs2404797–rs5934683, rs2411976–
rs5937091, rs2411976–rs916208 in Siberian Tatars).
Two markers (rs2404797 and rs2411976), one of which
appeared in each pair of linked SNPs, were also
removed from the dataset.

The list of markers, allele frequencies, genetic diver�
sity indices for each of the markers, and locus by locus
forensic figures are given in the appendix available
online (http://www.medgenetics.ru/UserFile/File/
Doc/Publications/2015/XSNP�Prilogenie�2015.pdf)
or on request from the authors. The average values of
gene diversity and total values of discriminating power
are shown in the table.

In general, the two studied native Siberian popula�
tions have a close range of allele frequencies of 60
X�chromosome SNPs. Locus by locus difference in
the allele frequencies vary from 0 to 38%, the average
being around 10%. The proximity of the two popula�
tions in allele frequencies is reflected in the relatively
low value of the coefficient of genetic differentiation
(GST = 0.021). Moreover, the population of Siberian
Tatars demonstrates significantly greater average
genetic diversity (He = 0.481) compared to Tuvinians
(He = 0.435, see table).

The possibility of using the studied system of mark�
ers for DNA identification was assessed by determin�
ing the standard population statistical indicators char�
acterizing the discriminating power of the system of
markers. The most important of these parameters is
the power of discrimination (PD) of unrelated individu�
als, which is the probability of a mismatch of genotypes in
unrelated individuals. Because of the transmission pat�
tern of the X�chromosome, the discriminating power of
X�chromosome markers is significantly different in
males and females; therefore the power of discrimina�
tion is calculated separately for females (PDf) and
males (PDm) (see table).

Values of the discriminating power of the studied
system of markers for DNA identification indicate
that the XSNPid panel shows a very high power of dis�
crimination in the studied populations. The random
matching probability (MP) of multilocus genotypes in
unrelated males is 1.12 × 10–18 in Siberian Tatars and
7.77 × 10–16 in Tuvinians. For females, this figure is
several orders of magnitude lower: 1.51 × 10–25 in
Siberian Tatars and 1.83 × 10–23 in Tuvinians.

It should be noted that the achieved levels of dis�
crimination of individuals for the panel of 60 X�linked
SNPs for males is not lower than that of the currently
used American standard CODIS (Combined DNA
Index System) and the European standard ESS (Euro�
pean Standard Set), both of which are based on STR
markers, and commercial kits for their typing. Previ�
ously, we have shown that the random matching prob�
ability of genotypes in the populations of Russia for the
standard set of STR loci varies from 1 × 10–16 to 5.60 ×
10–17 [14, 15]. For females, the power of discrimina�
tion of the XSNPid panel is several orders of magni�

Indicators of genetic diversity and power of discrimination of the system of 60 XSNP markers in populations of Tuvinians
and Siberian Tatars

Indicator Tuvinians  Siberian Tatars

Average gene diversity (He) 0.4354 0.4808

Random matching probability of genotypes
for females (MPf)

1.83 × 10–23 1.51 × 10–25

Random matching probability of genotypes
for males (MPm)

7.77 × 10–16 1.12 × 10–18

Power of discrimination for females (PDf) 0.99999999999999999999998 0.9999999999999999999999998

Power of discrimination for males (PDm) 0.9999999999999992 0.9999999999999999998
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tude higher than that of standard microsatellite sys�
tems.

Thus, in this paper, we described the genetic diver�
sity of the two native Siberian populations for the
panel of X�linked SNP markers, found a high level of
genetic diversity in these populations, and showed a
high discriminating power of the XSNPid panel for
DNA identification.
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