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Abstract—The allele polymorphism of the SE33 tetranucleotide microsatellite repeat (locus ACTBP2) was
analyzed in the Udege, Moscow, and Tomsk populations. PCR revealed 21 alleles of 246326 nt. No significant
differences in allele frequency distribution were found in the three populations. Genotype frequencies were
shown to obey the Hardy—Weinberg equilibrium. Family analysis (two cases) demonstrated Mendelian inherit-
ance of the alleles. The heterozygosity (0.830-0.875), the polymorphism information content (0.874-0.887),
and the power of discrimination (0.991-0.992) showed that this locus can be used for personal identification

and paternity tests.
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INTRODUCTION

Highly polymorphic (having more than six alleles)
and highly informative microsatellite genetic markers
are widely employed in genome mapping, studies of
hereditary diseases, and personal identification {1, 2].
Identification panels of microsatellite markers are
used in forensic medicine in the United States, United
Kingdom, and Germany [3, 4]. We made an analogous
panel of six microsatellite markers and studied their
polymorphism in the Russian population [5-7]. For
exact personal identification in the Russian popula-
tion, the probability of random match (pM) for geno-
types of two unrelated persons must be 6.9 - 1077, To
meet this requirement, the panel must include one or
two additional highly polymorphic loci, e.g., the SE33
microsatellite.

The SE33 microsatellite containing multiple cop-
ies of an AAAG tandem repeat was revealed in the
intron of the P-actin pseudogene (locus ACTBP2)
located on chromosome 5qter [8]. In total, about 20 B-
actin pseudogenes are known {9, 10]. In Caucasians,

26 SE33 alleles of 222-322 nt were found {8, 11].
Thus, SE33 is comparable in polymorphism with the
minisatellite MCT118 (locus D1S80), which has
28 alleles and suballeles [12] and is widely employed
in genome fingerprinting.

The aims of this work were to analyze the allele
polymorphism of the SE33 microsatellite in samples
of the Moscow, Tomsk, and Udege populations and to
assess its applicability in personal identification.

EXPERIMENTAL

Genomic DNA from venous blood was isolated
according to [13]. DNA from saliva and blood spots
and from hair roots was isolated using Chelex-100
(Bio-Rad) [14]. Before isolation, a hair was incubated
in 200 pl of 10 mM Tris-HCI, pH 7.5, 0.32 M sucrose,
5 mM MgCl,, 1% Triton X-100, 0.5 mg/ml proteinase
K at 60°C overnight.

In Moscow and Tomsk, blood samples of unrelated
healthy donors were collected at traumatological units
and hemotransfusion stations. Blood samples of the
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Table 1. Frequencies of ACTBP2 alleles in the Russian and Udege populations
Allele Moscow Tomsk Udege
Repeat number | Length, nt|Case number| Frequency |Case number| Frequency | Case number Frequency

15 238 0 0 0 0 1 0.006 = 0.006
16 242 0 0 0 0 3 0.018 £0.010
17 246 5 0.023 £ 0.010 3 0.028 £ 0.016 4 0.027£0.015
18 250 6 0.027 £0.011 7 0.066 + 0.024 3 0.018 20010
19 254 17 0.077 £0.018 it 0.104 £ 0.030 9 0.055 £ 0.018
20 258 i 0.050 £ 0.015 1t 0.104 +£0.030 20 0.122£0.026
21 262 7 0.032+0.012 8 0.075£0.026 14 0.085+0.022
22 266 13 0.059 £0.016 7 0.066 £ 0.024 7 0.043 £ 0.016
23 270 11 0.050 £ 0.015 11 0.104 £ 0.030 14 0.085+0.022
24 274 7 0.032+0.012 4 0.038 £0.019 13 0.079 £ 0.021
25 278 6 0.027 £0.011 2 0.019+0.013 10 0.061 £0.019
26 282 10 0.045+0.014 2 0.019+0.013 0.037 £ 0.015
27 286 14 0.064 +£0.016 2 0.019+0.013 0.037 £ 0.015
28 290 24 0.109 +0.021 0 0.000 + 0.000 0.018 £0.010
29 294 15 0.068 +0.017 1 0.009 £ 0.009 7 0.061 +£0.019
30 298 7 0.032+£0.012 3 0.028 £ 0.016 10 0.061 +£0.019
31 302 12 0.055 £0.015 5 0.047 £0.021 0.043 £0.016
32 306 22 0.100 £ 0.020 13 0.123+£0.032 0.037 £0.015
33 310 19 0.086 £ 0.019 9 0.085+£0.027 11 0.067 £ 0.020
34 314 10 0.045 £0.014 4 0.038 £ 0.019 5 0.030+0.013
35 318 3 0.014 £ 0.008 0.019:+0.013 2 0.012 £0.009
36 322 1 0.005 +0.005 1 0.009 +0.009 0.018 £0.010

Total 220 1.000:+0.280 106 1.000£0.383 164 1.000 £0.338

Udege were collected in Krasnyi Yar (Pozharskii
raion, Primorskii krai).

PCR primers based on published sequences [8]
were synthesized by Evios-Ros (Moscow). PCR was
run on a Techne PHC-2 thermal cycler in 60 pl of
the reaction mixture containing 67 mM Tris-HCI
(pH 6.8), 16.6 mM ammonium sulfate, 0.01% Tween-20,
1.0 mM MgCl,, 0.2 mM of each ANTP, 2 units of Tag
DNA polymerase (Biotekh), 0.1-0.2 ig genomic
DNA, and 6 pmol of each primer. Amplification
included 35 cycles of 1 min at 94°C, 1 min at 60°C,
and 1 min at 72°C, with first denaturation for 4 min
and last synthesis for 7 min.

Alleles were identified using a marker “ladder”
that was amplified in 100 pl of the reaction mixture
containing 10 pmol of eacn primer and 1 pl of an
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equimolar mixture of

all amplified alleles diluted
10° times. ’

Amplification products were analyzed in 8% PAG
containing 7% glycerol; 10 pl of the reaction mixture per
lane was applied; gels were stained with silver [15].

Genotype frequencies were checked for deviation
from the Hardy—Weinberg equilibrium by the > test
and G-statistics, using the Rows x Columns program
based on a published algorithm [16]. This program
was also used to compare the allele frequency distri-
butions in different population samples.

The expected hetrozygosity (H.,,), mean exclusion
chance (W), pM, and polymorphism information con-
tent (PIC) were calculated as described previously
{17]; the power of discrimination (PD) was obtained
asPD=1-pM[18].
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Fig. 1. Electrophoretic separation of amplified ACTBP2 alleles. (/) Markers (\EcoRI); (2-13) genotyping of 12 unrelated individ-
uals: 15/33 (2), 16/20 (3), 17/19 (4), 18/20 (5); 21/22 (6), 23/27 (7), 24125 (8), 26/28 (9), 29/30 (10), 31/32 (1I), 33/34 (12), 35/36
(13); (14) allele ladder; (75-19) a family study: 23/32, father (/5); 21/23, child 1 (/6); 21/32, child 2 (17}, 23/27, child 3 (18); 21127,

mother (/9).

RESULTS AND DISCUSSION

Analysis of 110 and 53 persons in the Moscow and
Tomsk populations revealed 20 alleles of the SE33
microsatellite, ranging from 246 to 322 nt. In addi-
tion, two other alleles, of 238 and 242 nt, were found
in the Udege population (86 individuals). The data
obtained are given in Table 1 and Fig. 1. The alleles
were designated according to the repeat number
within a tandem array. The shortest allele of 238 nt
included 15 tetranucleotide units [11]. The most fre-
quent were alleles 28 and 32 in Moscow, 19 and 32 in
Tomsk, and 20 in the Udege population (Table 1).

Among the 210 genotypes possible, 76 were
observed in Moscow and 48 in Tomsk. Heterozygotes
32/33 and homozygotes 19/19 were the most common
in Moscow; five genotypes were the most frequent in
Tomsk. In the Udege, 64 out of 253 possible geno-
types were found; heterozygotes 20/21 and 21/23
were the most common (Table 2).

The observed genotype frequencies in all samples
obeyed the Hardy-Weinberg equilibrium (Table 3),
indicating the absence of intrinsic sample heterogene-
ity.

The SE33 allele frequency distributions proved
much the same in the two rather remote Russian urban

populations (Fig. 2), as observed previously with six
other microsatellites [5-7]. This suggests that the
allele frequencies may be extrapolated with sufficient
confidence over the entire Russian population.

Comparisons were also made with the data avail-
able on other populations. German Caucasians (180
individuals) showed the highest polymorphism of the
ACTBP?2 locus (26 alleles) and had additional alleles
11-16 of 222242 nt not found in the Russian popula-
tions; alleles 16, 28, and 30 occurred at a frequency
higher than 0.07 [11]. US Caucasians (39) had 21 alle-
les with predominant 19 and 28-30 (frequency higher
than 0.09) [8]. Contrary to the Moscow and Tomsk
populaticns, they had alleles 13-16, but had no alleles
34-36 found in Russians and German Caucasians [8, 11].

R x C analysis revealed no differences in the
ACTBP2 allele frequency distribution between the
Moscow and Tomsk populations, German and US
Caucasians, and the Udege (Mongoloids) (Fig. 2).
However, significant interrace differences (between
Russians, US Mongoloids, and Afro-Americans) were
previously detected for microsatellites D6S366,
D19S253, HUMCYAR04, HUMCD4, and
HUMFI13A0!1 [5-7]. The similarity of the ACTBP2
allele frequency distributions in Russians and the
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Table 2. Frequencies of ACTBP2 genotypes in Russian and Udege populations
Moscow Tomsk Udege - Moscow Tomsk Udege
Geno- Geno-
type | Fre- | Case | Fre- | Case | Fre- | Case || type | Fre- | Case | Fre- | Case | Fre- | Case
quency | number| quency | number | quency | number quency | number | quency | number| quency | number

1 2 4 5 6 7 1 2 3 4 5 6 7
15/33 | O 0 0 0 0.012 1 20724 | O 0 0 0 0.037 3
16/20 | O 0 0 0 0.012 1 20/25 | 0.009 1 0 0 0.012 1
16/22 | O 0 0 0 0.012 1 20/26 | O 0 0 0 0.012 1
16/34 | O 0 0 0 0.012 1 20/29 | 0.009 1 0 0 0.012 1
17717 | O 0 0.019 1 0 0 20/30 | O 0 0 0 0.012 1
17719 | O 0 0.019 1 0 0 20/31 | O 0 0 0 0.012 1
17/20 | 0.009 1 0 0 0 0 20/32 | 0.018 2 0.019 1 0 0
17/24 | 0.018 2 0 0 0 0 20/33 | O 0 0.019 1 0.012 1
17/25 | O 0 0 0 0.012 I 20/36 | O 0 0 0 0.012 1
17/26 | 0.009 1 0 0 0 0 21/21 | 0.009 1 0.019 1 0.012 1
17/27 | O 0 0 0 0.012 1 21722 | 0.009 1 0.019 1 0.012 1
17/32 § O 0 0 0 0.012 1 21723 | 0.009 1 0 0 0.049 4
17/34 | 0.009 1 0 0 0 0 21/27 | 0.009 1 0 0 0 0
17/36 | O 0 0 0 0.012 1 21729 | O 0 0 0 0.012 1
18/19 1 0.009 1 0 0 0 0 21730 | O 0 0 0 0.012 1
18/20 | 0.009 1 0.019 1 0.012 1 21732 1 0 0 0.019 1 0 0
18/24 1 0 0 0 0 0.012 1 21/33 | 0.009 1 0 0 0.012 1
18/26 | O 0 0.019 1 0 0 21/34 | 0.009 1 0 0 0 0
18/27 | 0.009 1 0 0 0 0 22/22 | 0.009 1 0 0 0 0
18/28 | 0.009 1 0 0 0 0 22/23 | 0.018 2 0 0 0.012 1
18/30 | O 0 0 0 0.012 1 22/26 | 0.009 1 0 0 0 0
18/31 | 0.018 2 0.019 1 0 0 22/27 | 0.027 3 0 0 0 0
18/32 | O 0 0.038 2 0 0 22/28 | 0.009 1 0 0 0 0
18/33 | O 0 0.038 2 0 0 22/29 | 0.009 i 0 0 0 0
19/19 | 0.036 4 0.038 2 0 0 22130 1 O 0 0 0 0.012 1
19/20 | 0.009 1 0.019 1 0.012 1 22/31 | 0 0 0.019 1 0.012 1
19/21 | O 0 0.019 1 0 0 22/32 | 0.018 2 0.019 1 0 0
19/22 | O 0 0.019 1 0 0 22/33 | O 0 0.019 1 0.012 1
19/23 | 0.009 1 0.019 1 0 0 23/23 | O 0 0.019 1 0.024 2
19/24 | O 0 0 0 0.024 2 23724 | 0.009 I 0 0 0 0
19/25 1 0 0 0.019 1 0.024 2 237125 | 0 0 0 0 0.012 1
19/26 | O 0 0.019 1 0.024 2 23727 | 0.009 i 0.019 1 0 0
19/28 | 0.009 1 0.019 1 0 0 23/28 | 0.018 2 0 0 0 0
19/32 | 0.027 3 0 0 0 0 23729 | 0.009 1 0.019 1 0.036 2
19/33 | 0.018 2 0 0 | 0024 2 23/30 |1 0 0 0 0 0.012 1
20/20 | 0.018 2 0.019 1 0.012 1 23/31 1 0 0 0 0 0.012 1
2021 | O 0 0.019 1 0.049 4 23/32 | 0.009 1 0 0 0 0
2022 1 O 0 0.019 1 0.012 1 23/33 | 0.009 1 0.019 1 0 0
24/24 1 O 0 0 0 0.012 1 28/31 | 0.009 1 0 0 0 0
24125 | O 0 0.019 1 0.012 1 28/33 | 0.009 l 0.019 1 0 0
24/26 1 O 0 0 0 0.012 1 28/34 | 0.018 2 0 0 10 0
24/27 1 O 0 0 0 0.024 2 28/35 | 0.009 1 0 0 0 0
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1 2 3 4 5 6 7 1 2 3 4 5 6 7
24/31 | 0.009 1 0.019 1 0 0 29/29 | O 0 0.019 1 0.012 1
24/32 | 0.018 2 0.019 1 0.012 l 29/30 | 0.009 1 0 0 0 0
24/33 | 0.009 1 0 0 0 0 29/31 | 0.009 1 0 0 0 0
24/35 | O 0 0.019 1 0 0 29/32 1 0 0 0.038 2 0 0
2525 | O 0 0 0 0.012 1 29/34 | 0.018 2 0 0 0 0
25126 | 0.009 1 0 0 0 0 29/35 | 0.009 1 0 0 0 0
25/27 | 0.009 1 0 0 0.024 2 30/30 | O 0 0 0 0.024 2
25/28 | 0.018 2 0 0 0 0 30/31 | 0.018 2 0 0 0 0
25/34 | 0.009 1 0 0 0 0 30/32 | 0.009 1 0.019 1 0 0
26/26 | O 0 0 0 0.012 1 30/33 | 0.009 1 0 0 0 0
26/27 | 0.009 1 0 0 0 0 30/34 | O 0 0 0 0.012 1
26/28 | 0.009 1 0 0 0 0 30/35 | 0.009 1 0 0 0 0
26/29 | 0.018 2 0 0 0 0 31/31 | 0.009 1 0 0 0 0
26/32 | 0.009 1 0 0 0 0 31/32 | 0.009 1 0.019 1 0.012 1
26/33 | O 0 0 0 0 0 31/33 | 0.009 I 0 0 0.024 2
26/34 | 0.018 2 0 0 0 0 31734 1 O 0 0.019 1 0.012 1
27/28 | 0.009 1 0.019 1 0 0 32/33 | 0.055 6 0.019 1 0.012 1
27/29 | 0.018 2 0.019 1 0 0 32134 | O 0 0.019 1 0 0
27/31 | 0.009 1 0 0 0 0 32/35 | O 0 0 0 0.012 1
27/32 | 0.018 2 0 0 0 0 32/36 | 0.009 1 0 0 0.012 1
27133 1 0 0 0 0 0.012 1 33/33 | 0.018 2 0 0 0 0
2734 | O 0 0.019 1 0 0 33/34 | 0.009 1 0 0 0 0
27135 | O 0 0 0 0 0 33/35 | 0 0 0 0 0.012 1
27136 | O 0 0 0 0 0 33/36 1 O 0 0 0 0 0
28/28 | 0.027 3 0.038 2 0.012 1 34/34 | O 0 0 0 0.012 1
28/29 | 0.027 3 0.019 1 0.012 1 35/36 1 0 0 0.019 1 0 0
28/30 | 0.009 1 0 0 0 0

Udege can be due to the assimilation of the latter and Contrary to mini- and microsatellites D1S80 [12,
the interpopulation gene exchange. 15], APOB [19], RB1 [17, 20], HUMTHO1 [24, 11],

Mendelian inheritance of ACTBP2 alleles was HUMOYARO4 [3, 17], etc., the ACTBP2 allele fre-
observed in analysis of two families with three and quency distribution showed no marked prevalence of

four children (Fig. 1). any allele. This fact, the information parameters
Russians
Moscow Tomsk Germans US Caucasians Udege
| 1 ! ] |
| { i ! 1
10.0140 147138 17.2355 26.7985 x?
(09630 £0.0060) (0.6110£0.0074)  (0.5020 £0.0084) (0.1600 £ 0.0116) (Probability £ SE)
102415 16.0245 19.1110 29.0721 G-statistics
(0.9690 £0.0055) (0.6350£0.0070)  (0.5210 £0.0079) (0.2010 £ 0.0127) (Probability + SE)

Fig. 2. Comparison of the ACTBP2 allele frequency distribution in the Moscow population with those in other populations.
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Table 3. Information parameters and goodness-of-fit tests
for ACTBP2

Parameters Moscow Tomsk Udege
Hops 0.873 0.830 0.854
Heyp 0.935 0.932 0.937
pM 0.008" 0.009 0.008
PD 0.992 0.991 0.992
W 1.411 1.458 1.447
PIC 0.887 0.874 0.885
x2 90.1410 41.2095 70.1047
Probability 0.9990 1.0000 0.9990

(£SE) (0.0010) ©) (0.0010)
G-statistics 120.7776 54.1729 94.2545
Probability 0.9990 1.0000 0.9990

(£SE) (0.0010) 0) (0.0010)

Note: SE, standard error.

(Table 3), and successful amplification of the SE33
alleles from genomic DNA of saliva, hair roots, and
blood spots (data not shown) suggest that this micro-
satellite can be used.in personal identification.

Adding the ACTBP2 locus to the existing panel of
six minisatellites results in a 126 times higher resolu-
tion and pM of 6.62 - 10~°. This is sufficient for reli-
able personal identification in a population of
161.2 million people, i.e., in the entire Russian popu-
lation.
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