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Abstract. Studying the genetic diversity of Mongolian Argali sheep populations using microsatellite loci requires
an accurate and world-standard method than Polyacrylamide gel electrophoresis (PAGE). Therefore, in this study, we
developed a multiplex PCR for 3 high polymorphism loci (BM302, INRA040, BM4505) using fluorescent labeled
primers (FAM, HEX, TAMRA), and tested the usability of this methodology to simultaneously amplify the alleles
of multiple microsatellite loci in a short amount of time. Using our multiplex PCR method, the alleles of those 3 loci
were successfully amplified on a total of 99 samples from the Altai, Gobi, Khangai, and Khoridol Saridag populations,
and their allele lengths were determined by the fragment analysis method. General genetic parameters were evaluated to
determine the observed length of alleles on each microsatellite locus that was suitable for research. The number of alleles
(Na) observed in Altai (15.00), Gobi Desert (16.67), and Khangai (13.33) populations were relatively high, while in the
Khoridol Saridag population, it was lower (9.00). The number of effective alleles (Ne) was comparatively low in Altai
(6.73), Gobi Desert (8.02), and Khoridol Saridag (4.2) populations, but considerably uniform in the Khangai population
(9.94). Moreover, observed (Ho) and expected heterozygosity (He) was highest in Altai (0.80, 0.84), Gobi (0.74, 0.87), and
Khangai (0.85, 0.89) populations. Although the genetic diversity of the BM302, BM4505, and INRA040 loci was high,
the majority of the detected alleles had low frequency. In conclusion, multiplex PCR was successfully optimized and
the amplified fragments were analyzed which resulted in preliminary population genetic results in a short period. Future
research utilizing this multiplex PCR and fragment analysis methodology should be conducted with more microsatellite
markers, leading to precise results concerning the conservation genetics of Argali sheep.
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Introduction the Himalayas, and the Southern part of Siberia [1]. The

7 known species of sheep (Ovis) are domestic sheep
Argali sheep is a wild sheep belonging to the genus  (Ovis aries), Argali sheep (Ovis ammon), bighorn sheep

Ovis and distributed in Central Asia, the Altai Mountains,  (Ovis canadensis), narrow-horned sheep (Ovis dalli),
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mouflon (Ovis gmelina), and snow sheep (Ovis nivicola),
which the largest in terms of body size is the Argali sheep.
According to morphology and geographic distribution,
there are nine subspecies of Argali sheep, and current
genetic investigations support this [1], [2], [3].

Since Argali sheep graze and dwell between 400 and
5,500 meters above sea level, they are primarily found
in the Mongolian highland regions [4]. Although it is
believed that there are 2 subspecies of Argali sheep in
Mongolia, this classification is still controversial among
researchers [2], [3], [5]. In Mongolia, there are several
populations of Argali sheep: Altai and Khangai Moun-
tains, and Gobi Deserts including Trans-Altai. There are
also small isolated populations in the Khoridol Saridag
Mountains, the headwaters of the Arsain River, and the
southern parts of the Khentii Mountains [4], [6], [7].
There is a wealth of knowledge regarding the genetic
flow between populations as well as the distribution of
Argali sheep subspecies in Mongolia.

Argali sheep are considered to be a critically endan-
gered on a global scale, and their populations have been
dropped recently throughout the range [4]. The Argali
sheep’s population and range are getting smaller every
year, and human activities like overpopulation and pasture
depletion [8], [9] and illegal hunting, as well as trophy
hunting that is not supported by research, are the main
causes of its scarcity.

Although Argali sheep are listed as rare animals in
Mongolia and the Red Book, there aren’t any studies
on population genetics and molecular biology for long-
term conservation management [10]. Microsatellite
loci-based studies play an important role in conservation
genetics study, and many microsatellite loci need to be
studied to obtain optimal results [11]. Microsatellites are
short repetitive oligonucleotide sequences. Microsatellite
alleles vary in length depending on the number of repeats.
Therefore, the analysis of microsatellite markers is based
on the length of their alleles, so the fragment analysis
method has been widely used in recent years [11], [12].
Fragment analysis is a technique which sizes product
length of a polymerase chain reaction (PCR) using fluo-
rescent dye-labeled primers and comparison with a standard
marker by wavelength absorption. Also, since it is
necessary to determine the length of multiple microsatellite
locus alleles in population genetics research, it is more
convenient to use a multiplex PCR method, which uses 2

or more primers at different sites in one PCR reaction [13].

Therefore, in this study, we tested the usability of
optimized multiplex PCR method to our laboratory level
and the world standard fragment analysis method using
3 representative loci with high polymorphism (BM302,
INRAO040, BM4505) for studying the genetic diversity
of the Altai, Khangai, Khoridol Saridag, and Gobi Desert
populations of Argali sheep in Mongolia via microsatellite
loci.

Table 1. Samples used in the study

. . Gobi . Khoridol
Population Altai Desert Khangai Saridag
Place of Bayan-Ulgii, Umnugovi, - Bayankhon-
collection Khovd, Uvs Dornogovi, gor, Tuv, Khuvsgul

? Khentii Uvurkhangai
Number of 31 30 23 15

samples (n)

Materials and Methods

Genomic DNA extraction

In this study, we included a total of 99 tissue and fecal
samples from Altai (n=31), Khangai (n=23), Gobi Desert
(n=30), and Khoridol Saridag regions (n=15) (Table 1).
DNA was isolated from the tissue samples using the Tis-
sue and blood kit (Zanaspex, Ulaanbaatar, Mongolia),
and DNA from the fecal samples using the fecal DNA
isolation method developed by our laboratory [14]. Each
isolated DNA concentration was determined by a spec-
trophotometer (Nanogenius, Mapada Inc.) and used for
further studies.

Multiplex PCR

Multiplex PCR with 3 microsatellite markers was per-
formed using 2x Multiplex PCR kits (2x Multiplex PCR
kit, Zanaspex) for each isolated genomic DNA sample.
Multiallelic microsatellite loci are often used as mark-
ers to determine genetic diversity. As a result, we chose
INRA040, BM302, and BM4505 with high polymorphism
or more than 8 alleles from standard primers of mountain
ungulates as representative loci [15]. The dimerization
of primers with each other was calculated using Multi-
ple Primer Analyzer software (Thermo Fisher Scientific).
Following nucleus microsatellites primers labeled with
3 different fluorescent dyes (FAM, HEX, TAMRA) were
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used: 5’FAM-INRAO040 (blue) F: TCA GTC TCC AGG
AGA GAA AAC; INRA040 R:CTC TGC CCT GGG
GAT GAT TG; 5’HEX-BM302 (green) F: GAA TTC
CCATCACTCTCT CAG C; BM302 R:GTT CTC CAT
TGA ACC AAC TTC A; 5’-TAMRA BM4505 (red) F:
TTA TCT TGG CTT CTG GGT GC; BM4505 R: ATC
TTC ACT TGG GAT GCA GG. The touchdown PCR
was carried out according to the method of Maudet et al.
[15] The annealing temperature was adjusted to decrease
by 1°C in each cycle from 55°C to 45°C in the first 10
cycles and a constant 45°C for the remaining 25 cycles.

Polyacrylamide gel electrophoresis (PAGE) — To veri-
fy the success of the multiplex PCR, 10 pl of the multiplex
PCR product was run on a 10% polyacrylamide gel at
100 V for 1.5 hours. Polyacrylamide gels were pre-
pared with 10% Acrylamide: Bisacrylamide (29:1), 1x
TBE, 0.07% APS, and 0.08% TEMED. After running,
gels were stained with silver nitrate to observe micro-
satellite alleles. Staining was carried out in a shaker in
1% HNO3 for 10 minutes, 0.1% AgNO3 for 20 minutes,
and 3% Na2CO3 until visible DNA bands appear, and
formaldehyde was used for staining with 3% Na2CO3.
After each staining, the stained gel was rinsed with distilled
water and visualized on a gel documentation apparatus
(Bio-Rad).

Fragment analysis — Successful multiplex PCR products
were sent to Macrogen, South Korea for allele length
reading. Allelic lengths at the nuclear microsatellite loci
BM302, INRA040, and BM4505 were determined using

MNC1 2 3 4
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Fig. 1. Example multiplex PCR product of microsatellite BM302,
INRA040, BM4505 loci in each Argal sheep population by PAAG
electrophorogram: M- marker, NC — negative control, 1) Altai, 2)
Gobi Desert, 3) Khangai, 4) Khoridol Saridag.

Peak Scanner 2.0 (Thermofisher) software and compared
to the lengths generated by conventional DNA markers.
To verify whether the determined allele lengths can be
used in the study of the Argali sheep population, the
general genetic parameters of population genetics such
as the number of alleles (Na), number of effective allele
(Ne), Shannon index (I), observed heterozygosity (Ho),
effective heterozygosity (He) at each locus in each popu-
lation was calculated using GeneAlex v6 software.

HEX- BM302

6001
i 135-177b x.H)

5001
4001
3001
2001

1001

TAMRA-BM4545
(251-310 x.H)

FAM-INRA040
(234-271 x.1)

Fig. 2. Alleles of the HEX-BM32 (green), FAM-INRA040 (blue), and TAMRA-BM4505 (red) loci visualized in Peak Scanner
2.0 (Thermofisher). The alleles of loci were detected as follows: 157 bp allele at the BM32 locus, 235 bp and 250 bp alleles at

the INRA040 locus, and a 256 bp allele at the BM4505 locus.
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Table 2. Genetic parameters of 3 microsatellite loci in Altai, Gobi
Desert, Khangai, and Khoridol Saridag populations of Argali sheep.

Population Locus Na Ne Ho He
INRAO40  16.000 7392 0.935 0.865
, BM302  12.000 4.609 0.677 0.783
Altai (n=31)
BM4505 17.000 8.214 0.806 0.878
Average 15.000 6.738 0.806 0.842
INRAO40 16.000 6.642 0.867 0.849
Gobi Desert BM302  17.000 8.955 0.733 0.888
(n=30) BM4505 17.000 8.491 0.633 0.882
Average 16.667 8.029 0.744 0.873
INRAO40 14.000 9.981 0.913 0.900
Khangai BM302  11.000 6.782 0.783 0.853
(n=23) BM4505  15.000 13.062 0.870 0.923
Average  13.333  9.942 0.855 0.892
INRAO40 11.000 3.913 0.600 0.744
Khoridol BM302  9.000 5921 0.733 0.831
Saridag
(n=15) BM4505  7.000 2778 0.600 0.640
Average  9.000 4204 0.644 0.739

Na = observed number of alleles, Ne = effective number of alleles,
Ho = observed heterozygosity, He = expected heterozygosity

Results

We aimed to use a world-standard method to deter-
mine the allele length at the microsatellite locus with
high accuracy using the genetic analyzer for the diversity
study of Argali sheep populations of Altai, Gobi, Khan-
gai, and Khoridol Saridag in Mongolia. The microsat-
ellite marker BM302, INRA040, and BM4505 primers
used in the study did not form dimers when calculated
using the Multiple Primer Analyzer (Thermo Fisher Sci-
entific) programs, so in order to save time, the conditions
of multiplex PCR were adjusted and the alleles in the
loci were successfully amplified when running it on 10%
PAGE further staining with silver nitrate (Fig. 1). The results
of each sample from each population are displayed in Fig. 1.

Multiplex PCR of BM302, INRA040, and BM4505
loci was performed on 99 samples of Argali sheep and
sent to Macrogen for length determination. Viewing the
read response using Peak Scanner 2.0 (Thermofisher)
software revealed 1 or 2 alleles from each of the BM302,
INRA040, and BM4505 loci at the lengths as reported by
Maudet et al. [15] (Fig. 2).

Length of the alleles at the BM302, INRA040, and
BM4505 loci from 99 samples of Argali sheep were

individually recorded and analyzed using the Peak Scanner
software. When the genetic parameters were calculated,
the average number of alleles (Na) found at the three loci
in the Altai, Gobi Desert, Khangai populations of Argali
sheep was 15.00, 16.67, and 13.33, respectively. In the
population of Khoridol Saridag, 9.00 alleles were found.
While the Khoridol Saridag population had a number of
effective allele (Ne) of 4.20 and an observed hetero-
zygosity (Ho) of 0.64, the Altai, Gobi Desert, and Khangai
populations had 6.73, 8.02, and 9.94 (Ne) as well as 0.80,
0.74, and 0.86 (Ho), respectively (Table 2).

Discussion

When microsatellite markers are used in population
genetics, the differences in the length of products generated by
PCR amplification of the microsatellite locus are analyzed.
The simplest way to identify variations in the length of
PCR products is by blotting them on PAGE. PAGE is
suitable for determining the length of microsatellite alleles
shorter than 200 bp and longer than tetranucleotide repeats
[16], while fragment analysis can detect differences of
0.5 bp [16], [17]. In our previous study using PAGE
methodology, only 3 alleles were detected in Altai and
Gobi populations on the BM302 locus [2], however, in
this study, 12 alleles were detected in the Altai population
and 17 alleles in the Gobi Desert population. As a result,
the number of alleles was discovered to be low when utilizing
the PAGE technique since various di- and trinucleotide
alleles couldn’t be distinguished based on how they
appeared on the gel. Therefore, the method of fragment
analysis was stabilized in this work in order to more precisely
and reliably quantify the number of alleles.

In addition, genetic studies using 8 or more micro-
satellite markers are necessary to fully determine the
genetic structure of any population. PCR amplification
of each microsatellite marker on multiple samples is
time-consuming. Using the multiplex PCR method, the
more markers that can be used in PCR simultaneously,
the more time and reagents can be saved [13]. Therefore,
in this study, multiplex PCR was successfully carried
out by combining the microsatellite markers BM302,
INRAO040, and BM4505. As a result, our team has es-
tablished a reliable multiplex PCR approach (Fig. 1). As
observed by Maudet, fragment analysis of this multiplex
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PCR result indicated proper length alleles of 135-177
kb, 234-271 kb, and 253-310 kb in each of the loci
BM302, INRA040, and BM4505 [15].

By processing the allele data discovered by multiplex
PCR and the fragment analysis method, the number of
observed alleles (Na), the number of effective alleles
(Ne), observed heterozygosity (Ho), and expected
heterozygosity at the BM302, INRA040, and BM4505
loci were examined to see if they could be used in the
study of the Altai, Gobi, Khangai, and Khoridol Saridag
populations of (Table 2).

Na represents the number of alleles present in the
population. The Na (9.00) of the Khoridol Saridag
population is lower than the Na (15.00, 16.67, and
13.33) of the Altai, Gobi, and Khangai populations,
which the reasons could be Khoridol Saridag population
is an isolated community with few individuals and
inadequate number of samples. In 2009, 32 head of Argali
sheep were recorded in the population of Khoridol Saridag,
and in 2017, 59 head of Argali sheep, according to a joint
census conducted by the Laboratory of Genetics, MAS
and the Administration of Ulaan Taiga SPAs [7], [18].

Ne gives a numerical figure for the predicted level of
heterozygosity in the population and describes the number
of alleles with the same frequency at a certain locus. Ne
(6.73, 8.02) of the Altai and Gobi populations is significantly
lower than Na (15.00, 16.67), indicating that the majority
of alleles are of low frequency in that population. This
suggests that the majority of individuals in these populations
contain high-frequency alleles that are dominant in the
population, and few individuals contain unique alleles
[19]. This low-frequency unique allele has a high probability
of extinction from the population gene pool [20]. This
is also observed in the Khoridol Saridag population
(Na=9.00, Ne=4.2). In the Khangai population, the allele
frequency is relatively uniform compared to other populations
(Na=13.33, Ne=9.94).

The number of heterozygous individuals in the population
is measured by Ho, and the genetic diversity by He. The
higher the number of heterozygous individuals in a population,
the lower the probability of the population experiencing
inbreeding pressure [12]. The Ho of Altai, Gobi Desert,
and Khangai populations are high (0.80, 0.74, and 0.86),
which indicates that most of these populations have
many heterozygous individuals. Also, all populations
have high He (0.84, 0.87, 0.89, 0.73), suggesting high

genetic diversity. Populations with high Na, Ho, and He
values may be considered to have high genetic diversity,
but low Ne values indicate that most variants of this genetic
diversity occur at very low frequencies in the population.
By keeping these variants in the population and increasing
their frequency, the genetic diversity of Argali sheep can
be preserved [21].

Summary

In this study of the Mongolian Argali sheep population,
multiplex PCR conditions were optimized by microsatellite
markers BM302, INRA040, and BM4505, alleles at
these loci were amplified accurately, and the length of
detected alleles was determined with high accuracy in
a short period. In addition, the genetic diversity of the
Altai, Gobi Desert, Khangai, and Khoridol Saridag
populations of Argali sheep is high, but most of the alleles
are of low frequency. In the future, it is concluded that
in order to obtain more accurate important information
for the taxonomy and conservation of Argali sheep, it is
necessary to increase the number of microsatellite markers
in research using current tested methodology.
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XypaaHryii. MoHron opHbI apraib XOHHHBI TEHETHK OJIOH SH3 GaifUTbir MUKPOCATEILTUTBIH JIOKYCYy/aap Cylaxas
IMTAAT-aac miyy eHpmep HapwiiBWiaiTal, IIXUWH CTaHAapTaj HUHMICOH (DparMEeHT aHAIM3BIH aprasyirnp Xuiix
maapyyiara Tynrapcat. MHIIX135 OJIOH MHKPOCATEIUIHTHIH JIOKYCHIH aJUINIMAT OOTMHO XyrallaaHi OJIIPYYJIaxbIH TYILI
6un ¢yopecuenn 3 eep enrersii (FAM, HEX, TAMRA) 60omcoop ToOMIRIIICH HpaiiMepaap nommMopdusM eHIepTait
3 noxycsir (BM302, INRA040, BM4505) conron mymsrumrexc I1I'Y-bIH apra 3yii 60JI0BCpyyIDK, 3HY apra3yir Iaammm
ammmIax OOJIOMKUHT TypIINX 30pPHIITO0p 3HA cyfanraar XuiB. bomoscpyyican mynrumuieke ITTY-biH apra 3yiir ammmian
Aurraii, I'ob, Xanraii, Xopbaon Capbaaraiid NomyssyyabH HUUT 99 nomkun 193px 3 JOKyChIH aLIeNUyAbIl aMKIITTal
OJMIPYYIDK, AJUIEUHH YPTBIT TOXOPXOIICOH. TYYHWISH MUKPOCATEINIUTBIH JIOKYC OYPHIH aUTeNIMy/bIH YPT Hb CyJaraaH
aIMIIaxaj TOXHPOMIKTOHM JCOXMIT INairaH epeHXHH T'€HETHK Y3YYIDITYYAUHT TOOLOXOJ aKHITIAT[CAH AJUICIHIH TOO
Aurraii (15.00), T'oBs (16.67), Xanraita (13.33) nomymsiiian ux, Xopsaon CapbIaruiiH HOmyssIazn Xapbeanryi 6ara (9.00)
6aifB. DddexruB amrenuitn Too Anrait (6.73), T'oBb (8.02), Xopsnon Cappaaruiin (4.2) nmomymsinan xat Oara, XaHraifH
(9.94) nomynsran XapbIaHTyi KU, XYJIIraak Oyit rereposuror Gaiinan Anraii (0.80, 0.84), T'oss (0.74, 0.87), Xanraitn
(0.85, 0.89) momynsman xamruiia egep 6aiis. BM302, BM4505, INRA040 nokycyynbIH reHeTHK OJIOH siH3 Oaiinain eHgep
9 MXPHX aJUIeINyR Hb Oara JaBTamkTail OaiB. YYHI9C IYTHIXOM, SHAXYY OomnoBcpyyncan Mmynruiuieke IIIY amvokuTrait
TOTTBOPXKCOH 0eree]] ONIpyyacaH OYTIILIIXYYHA (parMeHT aHaIM3 XUHH TeHeTHK Y3YYINTYYIHIT TOOHOoX OOrMHO
XyTanaaH]| MOIyJISIIUIH TeHETHKUIH CyairaaH]l ad XoJI0OrI0NTON yphIYMIICaH AYHT TapraH aBas. Llaammn MynTHILIeKe
IT'Y, ¢parMeHT aHaIM3MWIH SHY apra 3YHr alMDIaH MUKPOCATEUINTHIH MapKepyyablH TOOT HAMAILAYYISH Cymajraar
YPTIDKIYYIDK aprajiifH XaMraaJUIbIH TeHeTUKUIH Ty YHOH 36B JYTHAIIT raprax O0JOMIKTOH I'3K Y39B.

Tyaxyyp yre: mynruiuieke III'Y TorrBopikyynnant, HOIMyILbIH FEHETHK Y3YYJIIT, Mukpocareiumr BM302, BM4505,
INRAO040 nokyc, aprajib XOHb

XymooH aBcan 2022.09.28; xsHaH Toxuonyyincas 2022.12.25; seseepcen 2022.12.27
© 2022 3oxuoruug. CC BY-NC 4.0 nuiens.
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Opuuna

Apranb xoHb Hb TeB a3u, Anrtaiin Hypyy, [ umanaiin

HYDYY,
TYraJIMaiTHBl OBOI, XOHHHBIXHBI TOPOJJ XaMaapax

CubupuitH  eMHex  X3Cradp  Tapxanrai
39pmar xoHb oM [1]. XoHwmHBIXHBEI Tepen (OVis)-a
mpuitH xoub (Ovis arries), apranb xoHb (Ovis am-
mon), TOM 3B3PT XOHb (Ovis canadensis), HApUIH IBIPT
x0Hb (Ovis dalli), mydnon (Ovis gmelina), TaCHBI XOHb
(Ovis nivicola) 33par 7 3yiin 6arTnar 6ereej 3Ar’3paac
OMEeWifH XAOMXKIOTIIp XaMTUHH TOM Hb aprajb XOHb
oM. Cymraadaup aprajgb XOHHHBI MOPQOIOTH OOJIOH
Tapxar J193p TYIryypiaH aprajb XOHUHBI 9 1191 3y
Oaiimar rak y31or 0eree]l CYY/IHiiH YEWHH TeHETUKHITH
cymanraanyyn 9 YyHudr Oaranmar [1], [2], [3].

Apranp XoHb JanaiiH TyBIIH3C A3 400-5,500Mm
OHIOPT TapXaH, OIMUIIPINIIT YUUP OHAOPIOrT OPLIIIOT
MoHTOonT OpOH HB apraib XOHHHBI I[OM OalpIIvI
HyTar oM [4]. MoHron opoHA apraib XOHUHBI 2 I3
3YWa Oaigar roK y3A3T XOOWW 9, DHAXYY aHTHiIal Hb
CyUTaauibplH JyHI MapraaH paaryyiacaap Oaiimar [2],
[3], [5]- Monron oponn apraib XoHUHBI AnTaii, [0Bb,
Xamnrait, Coéusl HypyyHHI canbap CHHANIX3MUIH HYpYY,
TpaHc-AnTall TICOH X3 X3IPH Tyclaa MOMYJALYY
6uii. Men Xopbaon CapbaaruiiH Hypyy ApcaiH rojisiH
39X, X3HTUI HYPYYHBI 6MHOJ X3CT33p TycraapiarjicaH
KIDKUT Tomynsnyyn Oaivimar [4], [6], [7]. Mosrron
OpHBI aprajb XOHHWHBI J3J 3YWIYYAUHH Tapxai Hb
OJI00T XYPT3JI CalfH cyiargaaryil 6erees momyssinyyx
XOOPOHIBIH TEHETHUK YPCTANIBIH TalaapX MAIIIIIIT XOMC
OaiiHa.

Apranb XOHb Hb OJIOH YJICaJ] XOBOPIOXK OOI30MTYH
aHTWIUIaap YHYIITACOH Oereen Oyc HYTTHHH XOMIKIIHI
CYYJIMHH JKUIYYA3N TOO ToJirod Oyypu Oaiina [4].
Apranp XOHHHBI TOO TOJTOW, TapXall HyTar >XHJ HpP3X
TycaM Oyypcaap 0Oaiiraa 6eree]; XOBOPAJIBIH TIPTYYIIIX
miajgTraasjl Xyyib Oyc arHyyp, cyiaiaraa TOOLIOOHJ
YHIACIATAIIIYH CHOPT arHyyp, MaJIblH TOO TOJTOM X3T
AXCHK 01T XOMCIOX 39p3T XYHHUH OypyyTail il
axuaraa opzor [8], [9].

Apranb xXoHb Hb MOHIOJI OpHBI YJaaH HOM
00oH MOHTON YIACHIH XOBOP aMBTHBI jKarcaanTal
TyC TyC OPCOH XdMUM 4 YpT XyranaaHbl XaMraajuTbIH
MEHEeXKMEHT  XIPIDKYYIIXd  MOJEeKyn  Owoiorm,
TIOMYJSIBIH TeHETUKUIH CymanraaHyyl HOH IyTMar

Oaitna [10]. XaMraamiblH TCHETHKHIH Cymajiraasn

MHUKpPOCATEJUTUTHIH JIOKYCH CyypWIICaH Cynairaa qyxal
OalipeIr 333113r 06eree; OHOBUTOW Yp IYyH Taprax
aBaxaJ OJIOH TOOHBI MHKPOCATEIUIUTHIH JIOKYCHIT
cyniax mraappiararait 6omnzgor [11]. MukpocareuuT Hb
00rnHO ypTTail ONMMIOHYKJICOTHIWIH napaanain Oyxuid
OJIOH NaBTaricaH Aapaaiian oM. J[aBTanTelH TOOHOOC
XamaapaH MHKpPOCATEUIUThIH aJUICIUYIbIH YPT ©ep
eop Oabimar. WMiiMI MHKPOCATEIUTUTBIH MapKepUiTH
cynairaaH; TYYHUH aJUleNuiiH ypTaj YHIICIDH aHAIIN3
XMHAST Tyn (QparMeHT aHalIW3bIH apra 3YHr CYYJUiH
[11], [12].
®dparMeHT aHaIH3 Hb QITyOpeCIeHII Oyraap TIMIATINCIH

KIITYYASA OpreHeep ammuriax OalHa

IpaiiMep alIuIiaH ONIIPYyyJICaH MOJMMepa3aH TMHXKHH
ypan (III'Y)-biH OYTISIIPXYYHHHA YPTHIT TIPIHIH
JONTUOHBI IIUHTIAITIIP 6reJICOH CTaHAAapT MapKEepUilH
ypTTail XapbLyyllX TOmOpXoilngor apra 3yil oM. MeH
MOMYJISILBIH - TEHETUKUIH —CyJalnraaHa OJOH TOOHBI
MUKPOCATEJUIUTBIH ~ JIOKYCBIH  aJUICIMYABIH  YPTBIT
TOTTOOX MIaapjiarataif Tyl OJIOH MMKPOCATEJIHTHIH
JIOKychlH amenuyaslr Har [II'Y-uiiH ypBang eep eep
calT mP3p 2 OOJOH TYYHI3C OIS MpaiMep alluriaH
sByynapar myinruruieke III'Y rax  apreir ammrinax Hb
HIYY TOXUPOMXKTOH Oaiimar [13].

Witmp 6un 5HY cymanraaraap MoHTon opoHJ Oaiigar
Anrait, ToBp, Xanrai,

aprajib XOHWHbI XOpI))IOJ'I

CappaarviiH ~ TONYJSIIYYObIH TEHETHK OJOH  SH3
Oali/IIBIl MUKPOCATEIUIMTHIH JIOKYCyyaaap Cyjiaxjaaa
JDITXUAH CTaHAAPTa]] HUUAIICOH (DparMeHT aHallu3 XUHX
apra3yir nonmuMophusm eHnepTi 3 mokycaap (BM302,
INRA040, BM4505)

[I'Y-bIH apreir eepuiiH J1abOpaTOpUH TOBIIMHA aHX

TOJOOJYYJIOH MYJIBTHUIIJICKC

TOTTBOPIKYYJIaH OOJOBCPYYIIK XHUXHUHUT 30PHB.

CynanraaHbl MaTepuaJ, apra3yi

I'enombin JIHX sinrax

bun »mdxyy cymamraang Anrait (n=31), Xanrait
(n=23), TI'oBb (n=30) Goson Xopwnon Capbraruiin 0yc
(n=15) mHytryymaac HuMT 99 SnuitH GOJOH XOPTrOJIBIH
IP2KUAT  cymanraaHny xampyymnaB (1-p  XycHOIT).
OmuitH 13»K33¢ Zanaspex e3¢ JHX-uir suirax Kut
(Tissue and blood kit, Zanaspex), XOProibIH J3MKIIC
MaHail JabopaTopwiiH  OOJOBCPYYJICaH  XOPTOJI0OC
JHX snrax apra 3ydr tyc Tyc ammmian JHX snras

[14]. Snracan JHX-uitH KOHHIEHTpauu TycC OYpHHT
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cnekrpodoromerpadp (Nanogenius, Mapada Inc.)

manrax, naamablH CyJaJiraalJ alnriaB.

1-p xycnoarT. Cynanraasz alumiacal 33K MaTepUablH M

Tomynsn Aurraii T'oBb XaHrait Xoprzon
Capbaar
Iyryyscan basn- OMHOTOBb, Tes,
ra};apyy Ounruit, Jlopsoross,  BasHxoHrop,  Xescrei
Xogn, YBc Xoutnit OpepxaHnraii

HAoomcuitn 31 30 23 15
10O (1)
Myarumieke HT'Y

Snracan  renombiH  JJHX  mawkx  Oypr  2x

myneTamieke [II'Y-sia momor (2x Multiplex PCR kit,
Zanaspex) alliIIaH MHKPOCATEeIUIUTHIH 3 Mapkepaap
mynarumieke III'Y  xuiiB. T'eHeTMKMHH ONOH £H3
0alAIBIT TOXOPXOUIIOXOM HWXIBWIAH OJIOH aJuleNbTai
MHUKPOCATEIUTATHIH JIOKYCBHIT MapKep OOJITOH alluTiiaaar.
Witmpn Oup yynblH TyypaiTHBI CTaHAApT NMpaiiMepyynaac
[15] emmep mommmopd uwaHapraii Oyroy 8-aac md3mmI
amensrad INRA040, BM302, BM4505 nokychir
TeJeeJIeNl OOJITOH CylalraaHiaa COHIOH ammrias [15].
[IpaiimMepyya X0OpOHI00 JUMEP YYCIaX acaxuir Multiple
Primer Analyzer (Thermo Fisher Scientific) mporpammsir
aIlUIIaH TOOLOB. beeMMItH MUKpOCATEIUIUTBIH Jlapaax
3 eep ¢myopecuenn enretdi (FAM, HEX, TAM-
RA) Oomucoop TOMASIIACOH MpaiMEpHIT AalllUINIaB:
5’FAM-INRA040 (mpuxsp) F: TCA GTC TCC AGG
AGA GAA AAC; INRA040 R:CTC TGC CCT GGG
GAT GAT TG; 5’HEX-BM302 (aoroon) F: GAA TTC
CCATCACTCTCT CAG C; BM302 R:GTT CTC CAT
TGA ACC AAC TTC A; 5°-TAMRA BM4505 (ymaan)
F: TTATCT TGG CTT CTG GGT GC; BM4505 R: ATC
TTC ACT TGG GAT GCA GG. I[II'Y-bIr MayneT HapbIH
apra 3yiH garyy touchdown III'Y Gyroy mpaiimepwiin
xXomoornox temmeparypeir 3xHU 10 mukng 55°C-aac
45°C xyptan nukn 0ypa 1°C-aap Oyypaxaap, YAICIH 25
nukin 45°C Gaiixaap ToxupyynaH siByynas [15].

IommaxkpuiaaMuabiH reJib 1exkTpogoperpamm (ITAAT)

Myntunneke IIT'Y amxuirrail sBaracaH 3C3XMUT
manrad Myntamieke IIT'Y-siH  OyTasrasxyyHssc 10
MKI-udr  10%-uitH  nmonuakpunamuislH  reisy 100
B-n 1.5 mar ryinras. [lommakpunamunbia rensa 10%
Axpunamun:buzakpmramugsa (29:1), 1x TBE, 0.07%

APS, 0.08% TEMED O06aiixaap TOOLIOH HaipyysaB.

lenuiir ryik IOyyccaHbl jAapaa MHKpPOCATEUTHTHIH
QUIEIMUT  aXUDIAaXblH Tyl MOHIeHUI HUTparaap
Oynas. YyHz, 1% HNO3—z[ 10 munyT, 0.1% AgNO3-zL 20
muHyT, 3% Na,CO,-1 JIHX-niin 3ypsac y35r13x Xypran
TyC Tyc carcparurdi Gyacan Gereen 3% Na,CO,-aap
Oymaxmaa ¢opManbIeru amuniaB. bymant OypuiiH
Jlapaa HIPCOH ycaap 3aiipk OyharacaH TemuitH 3ypruir

renb ToKyMeHTaluiH anmapar (Bio-Rad) masp aBas.

@parmMeHT aHAJIN3
AMKIITTa mynrurieke  IIT7Y-niin
6yTermxyyauiir BHCY-b1H Macrogen koMnanu pyy sIByy/iaH

sABaracaH

UIENIMIAH yPTHIT YHIIyYJaB. beeMuiiH MUKpOCATTEITUTHIH
BM302, INRA040, BM4505 j0KyC naxp auieidiH ypTBIT
Peak Scanner 2.0 (Thermofisher) nporpamm ammurias,
JHX cranaapt MapKepblH YYCTICOH YPTTall XapbllyyiaaH
TOrT00B. TOrTOOCOH aIeNnyabIH YPT Hb aprajib XOHHHBI
TIOMYJISIBIH CyAairaany aliumiax OOJOMIKTOM 3CIXHHT
LIajrad MOMYJSAUbIH TEeHETMKUHH €pPOHXUH T'€HEeTHK
Y3YYIITY YA 60510X Oyl Tyc OypuitH JIoKyc Oyp A3X
ammenuita Too (Na), s¢pdextus amrens (Ne), maidHOH
naneke (1), axurmaracan rereposuror (Ho), oHombiH
rerepo3uror Oaimisir (He) GeneAlex v6 mporpamm
aIIUITIaH TOOIIOB.

Cynanraassl yp AYH

MoHron oOpHBI Aprainb XOHWHBI Adjrtail, [O0Bb,
Xanra#, Xopbaon CapbJarviiH HOIMYJSIUBIH OJOH SIH3
OaiilIbIH  CyJairaar MHKPOCATeIUIUTBIH JIOKYC Jaxb
amnenuitH yprteir [eHeTHK AHamaizep TOXOOPOMKHIT
YHUIYY/DK ~ ©HJep  HapuilBwiaitail  TOHOpXOiigor
JOIXUNAH SKUIIATT HUMICOH apraap XUWXWHT 30pHB.
Cypmanraann amumiacaH MHKpocarelumThiH  BM302,
INRA040, BM4505 mapkepuiin mpaiimepyynsr Multiple
Primer Analyzer (Thermo Fisher Scientific) mporpammeir
aIlIMIIaH TOOIIOXOA XOOPOHIO00 AWMEpP YYCI33TYH Tyl
Har XaMH3X YyAHd3¢ mynturiekce II'Y-plH HeXuenuir
TOXHpPYYJaH OOJIOBCPYYIDK, JIOKYCYY[ JaXb aJjIeiInyn
aM)KIIITTAl OJIIUPCOH 3COXUUT yphAUYMICaH Oaiiamaap
10% IIAAT ry#nrsH MeHreHumii HuTparaap OymaH
mianraxajg aMkKuiaTTail ommmpcoH OaiiB (1-p 3ypar).
Homynsm tyc 6ypasc 1,1 mawkwmitn aysr 1-p 3ypart
XapyyJsaB.

Myntumneke III'Y  amkuntrail sBaracaH aprajib
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1-p3ypar. Aprajbs XOHHHBI OIS TYC OYPT MUKPOCATEIUTUTHIH
BM302, INRA040, BM4505 noKycyyaslH MYJABTHILIEKC
[I'Y-piH xumms O6yrasrmaxyyH [TAAD smexrpodoperpammn
xapargax Oariman: M = mapkep, NC = ceper xsHaut, 1) Antai,
2) I'oBb, 3) Xanraii, 4) Xoppaon Cappaar

XOHUHBI HHUT 99 maskuag BM302, INRA040, BM4505
JoKycyyabH mynturuiekc [1I'Y XuiiH Toaraspuiit ypTsIr
TOrTOO0ATr0X00p MakposkeH KOMIIaHWU/] UJITI3H YHIITYYJIaB.
VYammntei xapuyr Peak Scanner 2.0 (Thermofisher)
mporpamMmaap xapaxaa Mayner HapblH — T3MASIISCOH
yprang [15] BM302, INRA040, BM4505 nokyc Ttyc
Oypa3c 1 acBan 2 anmens wip3s (2-p 3ypar).

Apranp XOHMHBI HMUT 99 myzkuitn BM302,
INRA040, BM4505 nokyc naxp aijaeluyablH YPThIT
Peak Scanner mporpammaac HAT OYpwIdH OYpTIdH aBdY
OonoBcpyyaaan TEHETHK Y3YYJIITYYAUHT TOOIOXO.

xOoHUHBl Antail, IToBb, XaHralH nomyasAIyynaza
nynmkaap 15.00, 16.67, 13.33 anmnens Tyc, TyC HIDPCIH
6on Xoppmon Cappmaruitn nomymsmnan 9.00 ammens
wmpcdH.  Antaif, IoBp, XasrailH mnonynsIyyAbIH
apdextuB Oyroy ammrrail amrenuitH Too (Ne) 6.73,
8.02, 9.94, axwurnarmcan rereposuror Oaiiman (Ho)
ub 0.80, 0.74, 0.86 Oaiican O0on Xopwaon Capbaaruita

momyssimany Ne=4.20, Ho=0.64 6aifB (2-p XYCHOIT).

X3yyJasr

[omyssibIH TeHeTUKHITH CyTaTaaH | MUKPOCaTEIUTUTHIH
MapKep alluriax/(aa MUKPOCATEIUTUTBIH JIOKYChIH XICTUIAT
[I'Y-pIH apraap OMIIPyyIaH YYCCOH OYTILIIXYYHHMIA
YPTBIH sutraarail Oaiiman nadp anamm3 xwidmar [1TY-bH
OYTI3IIAXYYHHI YPTBIH sUIraar WIPYY/IdX XaMTHHH SHIUHH
apra 6omn [TAAT -1 ryimran Oynax xapax apra rom. [TAAT
Hb 200 X.H-aac OOTMHO YpTTai, TETPAHYKJICOTHIAac JI3III
OJIMTOHYKJICOTU/IMIH  JaBTar[caH  MHKPOCATTEIUIUTHIH
AIUIETIHY/IBIH YPTHIT SUTaH TOITOOXOM TOXUPOMKTOH Oaiiar
[16] Gon dparmenT aHamu3 Hp 0.5 X.H-HIH sUraar Wipyysix
oomomkrori [16], [17]. TTAAI-mifH apra 3yWr ammriaH
XHICOH OMTHUI eMHOX cymanraaraap Aunraii 6omoH [oBuitH
nonysaran Tye 6yp BM302 nokyceiH 3 Oyroy 1166H TOOHBI
ayutens [2] wpy Gafican 0o SHAXYY cymanraaHn AnTaifH

nonyssiuaz 12, ToBuiin nonyssiuaz 17 amnens wip3s. Miimasc

3 nokycn axwumiaracan amienuidH Too (Na) apranb [IAAT" apra syfir aumniaxal M-, TPUHYKICOTHIMIH
i HEX- BM302 TAMRA-BM4545
- 135-177b x.H) (251-310 x.H)
5001
) FAM-INRA040
300] (234-271 x.5)
2007
100:
04 L 3

|s: 250.18 | |s: 255.9 |

2-p 3ypar. Peak Scanner 2.0 (Thermofisher) mporpamm 139p HEX-BM32 (noroon), FAM-INRA040 (1pux3p), TAMRA-BM4505
(ynaaH) JTOKyCyyAbIH ajutenuyy xaparaax 6aiinan. bocoo TOHXIATUIH Aaryy OyTIdIAXYYHHUH OHIOp, XIBTII TIHXJATHIH Jaryy
OyTasraaxyyHuit ypr (bp)-uiir xapyyaas. DHaxyy ma»kug BM32 nokycr 157 bp yprraii amtens, INRA040 sokycr 235 bp, 250 bp

yprrTaii auiens, BM4505 nokyct 256 bp ypTraii ajiens nwipas.
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2-p XYCHIIT. Aprajib XoHUHbI Antraid, [oBb, Xanraii, Xopbnon Capsiaruiin
TOMYJIALYyABIH 3 MUKPOCATEIUIHT JIOKYC IaXb TEHETHK Y3YYJIIIT.

[omymnsr Jlokyc Na Ne Ho He
INRAO40 16.000 7.392 0.935 0.865
Asrait BM302  12.000 4.609 0.677 0.783
(n=31) BM4505  17.000 8214 0.806 0.878
Oyupax  15.000 6.738  0.806 0.842
INRAO40 16.000 6.642 0.867 0.849
BM302  17.000 8.955 0.733 0.888
I'oBb (n=30)
BM4505 17.000 8.491 0.633 0.882
Oynpax  16.667 8.029 0.744 0.873
INRAO40 14.000 9.981 0.913 0.900
Xanrait BM302  11.000 6.782 0.783 0.853
(n=23) BM4505  15.000 13.062 0.870 0.923
Jyupax 13333 9.942  0.855 0.892
INRA040 11.000 3.913 0.600 0.744
Xopbon BM302  9.000 5921 0.733 0.831
Capbnar
(n=15) BM4505  7.000 2.778 0.600 0.640
Oyupax  9.000 4204 0.644 0.739

Na = axkuriaracan aenuita 100, Ne = D¢ dexTus aJuenuiia 1oo,
Ho = Axwurnarncan rerepo3urot, He = OHOJIBIH reTepo3urot

suIraaTaii aJuIeNMy/IbIl Telb A93p Xapargax Oaimiaap Hb
srax OOJIOMKIYHWH ylIMaac aJUIeSIMiH TOO TONM Oaiiymaap
1166H WINBPY33. TUiIMA3C 5H) cyanraanl Wiyy HapUHBUMITK,
UIENMYIBIH TOOT YHIH 36B TapraxblH Tynn (parMeHT
QHAJIF3BIH apIBIT TOTTBOPXKYYJIAH XUHCIH.

TyyHwIsH annBaa TOMYSUBIH TEHETHK TOTTIBIT
OYpoH TOHOPXOWIIOXBIH TYIA 8 acBam  TYYH?3C
OJIOH MHKPCATEeJUINTBIH MapKep alluriaH TeHETHK
cyfanraa sByyJdax Iiaapanararaii Oaiimar. OmoH maak
J99p MHUKPOCATeJUIUTHIH Mapkep Tyc Oypuiir II'Y-
aap oJmpyynaxajJ Maml HX Xyranaa 3apiyyiaaar
Mynrumnekc I[II'Y-pIH apra 3yir ammmniad Xaaui 4uH3
OJIOH Mapkepaap HAr3H 33par III'Y sByynHa Teamit
YMHY) Iar Xyranaa, 001uc ypBaDK XOMH3X OOJIOMXKTOH
[13]. Hitmp wmanait maGoparopm wmyntmmieke IITY-
BIH apra 3YWI TOTTBOPXKYYJaH OOJOBCPYYIK, 5HD
INRA040,
BM4505 wmapkepyyabir HIrTraH Myatumieke [TV

cymanraaHj MuKpocareluiuTeiH BM302,

XUHCOH Hb aMKWITTail 6omwtoo (1-p 3ypar). DHIXYY
myntumieke [IT'Y-piH OyTI9radxyyHyyaon ¢dparMeHt
aHanu3 xuitnraxan BM302, INRA040, BM4505 nokyc
tyc Oypt Mayzer [15] HapbIH TOMIPII3CHUN faryy 135-
177 x.1, 234-271 x.H, 251-310 X.H ypTTaii aJmenuys Tyc
TYC 36B ypTaJ HIpPIB.

OuHaxyy mynruiieke [II'Y 6a ¢pparmeHT aHamM3UiH

apra 3yWrsp WIPYYJICOH aJUICIUHH  MOADIIIUNT
60510BCpyyaaH MOHTOJI OpPOHZ aprajb XOHWHBI AJTai,
loBuiin, Xanraiin, Xopbaon CapbaaruiiH MOMyJsALIBIH
CynajraaH]i amuriaXx OOJIOMMKTON HSCOXUHT IIaJraH
BM302, INRA040, BM4505 5okxyc maxe akhriiarJcaH
amenuith Too (Na), s¢dextus amienuitn Too (Ne),
(Ho)
XYmIradk Oyl rereposuror Oaiinan (He)-vIr Tooucon

QKUIIArJCaH TeTepo3uror Oaipan 6omoH
(2-p xycHdrT).

Na Hb TyxaliH momynsaa onoo Oalraa ajuieiuiH
Xapyyniar.

momyssyynbiH Na (15.00, 16.67, 13.33) up Xoppaon

TOOT Anrtaiin, ToBuiin, XaHraia
Cappaaruiin momymsinsiH Na (9.00)-aac ux Oaiiraa Hb
Xoppaon CappiaruiiH NOMYJAIl Hb 1106H OOATANbTai
TycraapiaricaH TIOMyJsAl, MeH MJIYKUHH  TOO
XaHTAITIYHr39Cc 1ianTraaican Oaibk 06oiox oM. Yuaup
Hb MaHaii naboparopu O6onon Yiaan TaireiH YTXI -
BIH 3axXUpraaHbl XaMTapcaH TOOJUIOTOOp XOPBIOI
Cappaaruiin nonymsiuan 2009 oun 32 Tonroil apraib
xoHb, 2017 oHm 59 Tonroit aprame XOHb TYC TYC
oyprraracaH [7], [18].

Ne Hb TyXaiH HOIyJISIIBIH X YJIATAYK Oy TeTepO3UToT
OalUTBIH TOOH YTTHIT raprax TyXalH JIOKYC JaXb HFKHII
JTaBTaMIKTal aJlIeIIMHH TOOT XAJIdr. AuraiiH, I'oBuiiH
momyssiieiH Ne (6.73, 8.02) up Na (15.00, 16.67)-aac
x3T Oara Oaiiraa Hb TyXaWH IMOMYIIAAA WIDPCIH UXIHX
aiens Hp Oara JaBTaMKTal Oaifraar xapyyimk OaifHa.
DH?3 Hb TYC NOMYJISAIYYBIH HX3HX 00JIraTb Hb TOMYJISIA]
JaBaMraijicaH WX JaBTaMXKTal aJUICIHyOBIT aryyink
Ie6H OOATANb Hh ©BOPMOII AJUICITUY/IBIT aryyJnK Oaifraar
wiITr»k Oaitaa [19]. DHaxyy Oara qaBraMkTail ©BepMeIl
aJiens Hb MOMYJIIIBIH yAMBIH CaHTaac ycTax eHIep
Marajpianrtait 6aiimar [20]. Du3 HE Xopbaon Cappaaruita
MOMYJISIIA ] 9 MOH akuriarjax Oaitna (Na=9.00, Ne=4.2).
XaHraifH MOMyJISIBIH XyBb]l AJICITUIH JaBTaMX Oycan
OISy yATal XaphIlyynaxaJl XapbllaHTyi )KUT] OaifHa
(Na=13.33, Ne=9.94).

[omynsampa reTepo3uror OoxaramuiiH x>Mx3r Ho,
TeHUHH oJoH sH3 Oaimmer He xomokmar. [lomyssim
Jlaxb TETEPO3UTroT OoAranb UX Oaiix TycaMm IOMYJISLbIH
WHOPUIMHTUNAH JapamTal eprex Marampiail Oyypaar
[12]. Anraii, T'oBb, Xanraiitn nomynasnyyaslH Ho Hb
ermep (0.80, 0.74, 0.86) Oaifraaraac xapaxajg TycC
MOMYJSIMYYAbIH OUAJIPHX Hb TETEPO3UIOT OOATaib
uxToil OaftHa. MeH Oyx momymsisH He enmep (0.84,

0.87, 0.89, 0.73) Oaiiraa Hb TCHHUIH OJOH SH3 OaWan
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eHJlop Oailiraar xapyymk Oaiina. Na, Ho, He-uitn ytra
eH/Iep NOMYLYYAbIH TeHETHK OJIOH SH3 Oaijgan ux
OaifHa ToK Y32k O0oox 4 Ne-uitH yrra Oara Oaiiraa Hb
9HIXYY '€HETHK OJIOH SIH3 OalIbIH MXPHX XyBHIOApyyn
Hb TOMYJIAIaA Mam Oara JaBTaMXKTaHraap TOXHOJIOX
Oaifraa xapyymx OaifHa. DOarasp XyBuiOapyyabir
Laamuy TMOMyJsIIa] XaAralbk YIA99H JaBTaM)KHHT Hb
HAMOIIYYJICHI3D aprajlb XOHMHBI T'€HETHK OJIOH SH3

Oaiiman xaarajgarmax 00JOMKTOM roM [21].

Jyraaar
MoHron OpHBI aprajgb XOHWHBI  IIOIYJSIIBIH
cynanraanj MukpocaresuuteiH BM302, INRAO040,

BM4505 wMapkepyynaap TesIeedYYJIdH MYITHILIEKC
[IT'Y-p1
aHAJIM3bIH apra 3yWr maboparopumoo HyTarmuryyinaH

HOXIUIMIT  TOTTBOPXKYYIDK,  (parMeHT
alumiaxajg Tyc JIOKyCyyAd Aaxb aJUICIHYyAbIT YHOH 30B
OJNILIPYYNIaH, WIPPCOH AJUICNUYABIH YPTHIT OOTHHO

XyramaaHJ eHIep HapuHBWIANTairaap TOTTOOB.
TyynwmH ¢dparmentyyauitn - yprax OonoBcpyynant
XUUXOM aprajgb XOHWHBI AnTtal, [oBb, Xanrai, Xopba0ia
CappaaruifH nomyJsIyyIblH TEHETHK OJIOH SH3 Oarian
Hb OH/IOp 4 UXOHX aJUIeNNy/l Hb Oara jaBraMkraii Oaiiraa
yppauMicaH AYHr rapras. llaammpa apraab XOHHMHBI
aHTHIa) 3YH, Xamraajainja ad Xomoormon Oyxuid wmiyy
YHOH 36B M3/I33J13J1 aBaxbIH TYJJ 9HD TypIICAH apra3yiH
Jaryy
Cy[Ulax IaapJyiararaii r» JyTHIB.

CylajraaHbl MapKepHHH TOOT HAMAIIYYISH

Tanapxaau

OH3XYY cymairaar caHXYYxKyylcaH IImmximax
yxaan texHonoruiH can (LyCC-2020/22) 6onon
CyllanraaHbl @XIbIH J32K MaTepUanbIl IyTIyyiaaxasn
TYH Tycnaimaa y3yysicoH OtroH T3Hr3puiiH Y TXI -bH
Gaiirans xamraanard Y.bar-emsuii, [11.Oux0ysHT O60M10H
Wx ra3peiH uynyynsl BII-piH Oaifrane xamraanard
A.Menx-Ouup, X.Opmdud6ar, O.OpadH> HapT 4YUH
COTIAIUIH Tanapxajl WIdPXUNIbE.
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