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Annoranus. [TorpeGHOCTD B yBenn4eHHH HHPOPMATUBHOCTH T€HETHUECKOM IKC-
MEePTU3bI IIPU YCTAHOBJICHUU POACTBA KAaK B CIy4asX SKCHEPTHU3bl B IPAXIAHCKUX Jie-
Jax, TaKk U OpU MACHTU(DHUKAIMU JIMYHOCTH JIIOZCH, MOruOLIMX B aBHAaKaTacTpodax,
NPUPOJHBIX U TEXHOTEHHBIX MOXKApaX, TEPPOPUCTUUECKHX aTaKaxX, yparaHax, LlyHaMu
U IPOYHX KPYIMHOMACIITAOHBIX OS/ICTBUSIX MPUBENA K aKTUBHOW pa3paboTKe AOMOIHH-
TenbHbIX HabopoB MapkepoB st JJTHK-naentudukanmu. s KOppeKTHOr0 UCIONb30-
BaHUS HOBBIX MYJIBTUIUIEKCOB HEOOXOIMMO MMETh NPEACTaBICHHE O I'CHETHYECKON
CTPYKTYpe MOMYJSILIKUU, U3 KOTOpoi mpoucxomaut aHammsupyemblii JJHK-mipoduib.
B nanHHOl paboTe NpeacTaBieHbl Pe3yabTaThl aHAIN3a TEHETHYECKOro Pa3HOoo0pasus
JIBYX MOIYJIALMI F0)KHBIX aJITalIeB 110 IBYM CUCTEMaM I'eHeTUYECKHX MapKepOB, CIIO-
COOHBIX YBEJIMYUTD HAJCKHOCTh U MHPOPMAaTHBHOCTb T'€HETHYECKOM HKCIEPTH3BI IIPU
OIpeJIeJIeHUH POJICTBA B CIIOXKHBIX ciydasix. [lepBast cucreMa OCHOBaHa Ha MHKpOca-
TEJUTUTHBIX Mapkepax X-XpomocoMmbl, BTopas BkitodaeT 23 STR-mapkepa ayrocom.
ITokazaHo, 4TO ypOBEHb OKHIAEMOM I'€TEPO3UTOTHOCTH 110 00€UM CUCTEMaM MapKepOB
B MOIYJIALMHU TEJICHIMTOB HUKE, YeM B IOIYJIALMH anTai-Kiku. [TonydeHHble pe3yiib-
TaThl IOKA3aJIM 3HAYMMbIE TCHETUYECKHE Pa3INuUs MEX/LY TEJICHTUTAMU U alTal-KIKH
(Rst 0,006-0,007, p = 0,000-0,002), KOTOpBIe HEOOXOAUMO YUUTHIBATH MPH MPOBE/IE-
HHUU BEPOSITHOCTHBIX PACUETOB B TEHETHUECKOH SKCIIEPTH3E.
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yeckast akcneptusa, JHK-unentudukanms
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Summary. The need to improve the accuracy of genetic testing in establishing kin-
ship, both in civil cases and when identifying the remains of people after plane crashes,
fires, terrorist attacks and other disasters, has led to the development of new methods.
One is to expand the panel of used genetic markers by adding highly informative auto-
somal STR markers. These markers can help identify more closely related individuals,
making it easier to determine kinship between parents and children, siblings and step-
brothers. This can be especially useful in difficult cases where traditional methods may
not be sufficient. The second is the use of additional markers located on the sex chro-
mosomes. Their features of inheritance simplify the examination of complex cases and
provide advantages in the analysis of mixed sample. To correctly use new multiplexes,
it is important to have an understanding of the genetic structure of the population from
which the DNA profile originates. The level of genetic diversity directly affects the
reliability and effectiveness of genetic analysis. In this study, we compared two popu-
lations of Southern Altaians using two different systems of genetic markers. These
markers can increase the reliability and informative value of genetic examinations in
difficult cases of kinship determination.The first set includes 18 STR markers (HPRTB,
DXS8378, DXS6797, DXS6804, GATA165B12, DXS9902, DXS6810, DXS8377,
DXS101, DXS7133, DXS7424, DXS7423, DXS6789, GATA31E08, DXS10079,
DXS10103, and DXS7132), while the second set includes 23 autosomal STR markers
(D20S1082, D6S474, D14S1434, D4S2666, D1S1677, D11S4463, D4S2364,
D9S1122, D2S1776, D17S974, D10S1435, D3S3053, D5S2500, D1S1627, D3S4529,
D2S1360, and D3S1744). The assessment of genotype distributions for Hardy-Wein-
berg equilibrium was only performed for autosomal markers, as samples from men were
analyzed in this study. For the Telengite population, the genotype distributions at the
D4S2666 and D10S2325 loci deviated from Hardy-Weinberg expectations. For the Al-
tai-Kizhi population, a larger number of loci showed deviations from Hardy-Weinberg:
D6S474, D4S2364, D1S1627, and D10S2325. In all cases, the observed level of heter-
ozygosity was lower than expected. Therefore, it can be assumed that deviations from
equilibrium were caused by a high rate of intra-district endogamous marriages among
Southern Altaians. The average value of expected heterozygosity in the Telengite pop-
ulation was lower than in the Altai-Kizhi population for both X-STR and ASTR mark-
ers. At the same time, the average expected heterozygosity for autosomal STR panel
was higher than for X-STR. The Telengite population had the largest total number of
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alleles: 178 for autosomal markers and 121 for X-STR markers. These values are rela-
tively low compared to other populations, such as the Russian population with 228 al-
leles for 20 ASTRs and Belarusians with 250 alleles. The assessment of the genetic
distance between samples of southern Altaians using the Rst method revealed signifi-
cant differences between Telengites and Altai-Kizhis, while a higher genetic similarity
was found for autosomal STR markers (0.006, p = 0.000) compared to X-STR markers
(0.007, p = 0.002). Given the significant genetic differences identified between these
two ethnic groups in southern Altai, it is important to consider the reference allele fre-
quencies for each population during genetic analysis. Combining Altai-Kizhi and
Telengite samples into a single group (southern Altai) could reduce the reliability of
genetic testing in the Telengite population.

The article contains 11 References.
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BBenenne

[MonynsanoHHO-TeHETHYECKUE MCCICAOBAHMS HacelleHns Pocchu, BBIMOJ-
HEHHBIC C HCIOJb30BAHUEM PA3JIMYHBIX CHUCTEM I'€HETHUYECKHX MapKepOB, BbI-
SIBUJIM BBICOKYIO BHYTPH- M MEKIIOMYJISIHOHHYIO T'€HETHUYECKYI0 BapHalesb-
HOCTE. DPheKTs meMorpapuyecKoil MICTOPUH YEIOBEUYECTBA IIPUBEIH K TOMY,
YTO KOPSHHBIE HAPO/Ibl, HAXOASIINECS Ha HAnOOJIbIIEM reorpaduuecKoOM yaalie-
HHH 110 MMYTSAM MHIPALMH, IIPOMIECHHBIM B XO/€ dBOJIIOLNN YeI0BeKa, YCTYHaoT
10 YPOBHIO T€HETHYECKOro pa3HooOpasus monyssiiusM EBpombl. Takas Bapua-
U HAIIPSIMYIO BIIMSET HA HAJCKHOCTh TeHeTHYeckou skcnepTu3sl B JIHK-umeH-
THdUKAUE. BeposSTHOCTh JI0KHOIMOJIOKHUTEIBHOIO pPe3ybTaTa IeHETHYECKOH
SKCIEPTH3bl, OCHOBAHHONW Ha aHAJIM3¢ CTAaHIAPTHBIX ayTOCOMHBIX STR-mapke-
POB, IIPH OIIPEACICHUN POJCTBEHHBIX OTHOIIECHUH B CIIOXKHBIX Cy4asx (YCTaHOB-
JIEHHE POJICTBA MKy HHIUBUIOM M OJHHUM IIPEAI0aracMbIM POAUTEIEM (1y0),
YCTaHOBJIEHHE POJACTBA MEXKAY IIPEIoIaraeéMbIMU OpaThsIMu/cecTpaMu, 6a0yIiI-
KaMH/JIeTyIKaMA 1 BHYKaMH ¥ T.JI.) B TIOMYJISAIUAX C HU3KMM YPOBHEM T'€HETH-
YeCcKoro pasnoodpasus Bospacraer [1-3].

VBennyeHne HHGOPMATUBHOCTH F€HETHUECKON TECT-CHCTEMbI, OCHOBaHHOM
Ha STR-mapkepax, BO3MOXKHO HECKONbKHUMH IyTIMH. OJUH — paclInpeHue Ta-
HEJIH HCIOJb3YEMbIX I'€HETHYSCKUX MapKEepOB IyTeM J100aBIICHHS BBICOKOMH-
(dhopmatuBHBIX ayrocoMHbIX STR-MapkepoB. Jloka3aHO, YTO IOMOIHUTEIBHBIC
STR MoOryT moBbICHTH 3()(PEKTHBHOCTh TEHETHYECKOI'0 TECTUPOBAHHUS B OITpEIE-
JIEHUW UCTUHHOIO POJACTBA MEXIY POAUTEIEM U PEOCHKOM, POJIHBIMU HJIH CBOJ-
HBIMH OpaThSIMHU U CECTPaMH, a TAKKE ITPH IKCIIEPTHU3E B CIIOKHBIX CITyJasix ompe-
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JIeIICHUS POACTBEHHBIX OTHOIICHUH [4]. BTOpo# — MCIoIb30BaHUE JOITOTHUTEIE-
HBIX MAapKepoB, JIOKAJIM30BAHHBIX HA IIOJOBBIX XPOMOCOMAax, OCOOCHHOCTH
HAaCJIEIOBaHMS KOTOPBIX YIIPOIIAOT IIPOBEACHUE IKCIIEPTU3BI CIIOKHBIX CIy4aeB
H Jal0T MPEUMYILECTBA MPY aHaJM3€e CMEIIaHHbBIX 00Pa3IoB 3a CYET FEMU3HMIOT-
HOCTH MYyk4HH [5]. KpoMme Toro, Ha TOCTOBEPHOCTh T€HETHUECKON AKCIICPTH3HI B
3HAYMTEIBHOU CTEIEHH BIUSIOT pe)epeHCHBIE YaCTOTHI alljIelIel, UCII0Ib3yEMbIe
B BEPOSTHOCTHBIX pacyérax. J[Is yCHemHoro npuMeHeH s TeHETHYEeCKOM TeCT-
cucteMsbl B ipaktuke JIHK-nnenTndukanmm HeoOX0MMO HMETh MPEICTABIICHUE
0 FEHETUYECKOH CTPYKTYPE MOMY/IALUN 10 BEIOPaHHBIM JIOKYCaM.

Pe3ynbraThl mccaeqoBaHUN T€HETHUYECKOM CTPYKTYPHI aJTAMCKHX ITOITYJIs-
LM, OCHOBaHHbIE Ha ayTOCOMHBIX M Y-XpPOMOCOMHBIX MapKepax, IeMOHCTPH-
PYIOT, C OTHOM CTOPOHBI, FTCHETHYECKOE POJICTBO 3TUX HAPOJIOB, a C IPYTroi — COo-
XpaHEHNE UX TeTEPOreHHocTH [6, 7]. YV anraiines ObLI BEISIBICH JOBOJBHO BBICO-
KMl ypoBeHb KO3(pHUIEeHTa TEHOMHOIr0 HHOpUAUHTIA [8], YTO CBUIACTEIIBCTBYET
0 HH3KOM TI'E€HETHYECKOM pa3HOOOpasuu Cpead KOPEHHOI'O HaceleHHsS AJTas.
B monynsmuuy TeIEHTUTOB OTMEYAeTCs CaMbIi HU3KUH YPOBEHBb T'€TEPO3UTOTHO-
CTH cpenn Maibix HapogoB Crubupu [9]. DTo moguepKuBaeT akTyaabHOCTH IIPO-
BElIEHUs aHaJM3a FeHETHUYECKOM CTPYKTYpPhI MOMYJISAIUI 10 MpeaaaraeMbIM IS
TEHETHYECKON JKCIIEPTU3bI JIOKyCaM Mepel BHEAPEHUEM IOMOIHUTEIbHBIX HH-
CTPYMEHTOB B IIPAaKTHUKY. 1{enb JaHHOro MCCIeq0OBaHus 3aKII0YaeTCsS B OIpee-
JICHUH YPOBHS I€HETHUYECKOI'0 Pa3HOOOpPa3us U OILCHKE CTEIEHH I'€HETHYESCKOM
quddepeHImanyuy IByX HOMYJISIHNA I0)KHBIX aITalIeB ¢ MCIIOIb30BAHUEM JIBYX
CHCTEM T'€HETHYECKUX MApKEPOB, Pa3paOOTaHHBIX JUIS IOBBIIICHHS HAaACKHOCTH
TEHETHYECKOHN IKCIEPTH3HI Ha TeppuTopuu Poccuiickoit deneparum.

MarepuaJibl 1 METOABI

Marepuanom nccienoBaHus MOCTY KA BRIOOPKH MYKYHH FO’KHBIX aJITaiIeB
(77 — trenenruthl, 107 — anTali-Kuxu). 3a00p BEHO3HOM KPOBH Y IOHOPOB ITPOBO-
IITH C COOIOICHUEM MPOLEAYpPHI MACEMEHHOTO HHPOPMUPOBAHHOTO COTTIACHS
Ha IpOBEICHIE HCClleNoBaHms. Ha KaskIoro JOHOpa COCTaBIsUIACh aHKETa C €T
POIOCTIOBHOW, yKa3aHHEM JSTHHYECKOH MPUHAMICKHOCTH H MECT POXKICHUS
MPeAKOB. MeTHCH B BRIOOPKH HE BXOIMIIH. [ eHOTHIIHpPOBaHIE 00pasIoB IO ayTo-
comabsiM STR-mapkepaM mpoBOIMIN METOAOM MYJIBTHIUIEKCHON MONIMMEPA3HON
LEMHOH PeaKIuy C MOCIEAYIOMNM aHaJIM30M IIPOAYKTOB aMIUTU(QHUKALINH HA aB-
TOMaTH4YeckoM TeHetudeckoM anamuzatope HAHO®OP-05 (Cunton, Poccus).
B pabote ucnonp30BaNnch IBa MYJIBTHUINICKCHBIX HAO0Opa MapKepoB: BKIIIOYATO-
mmit 18 X-STR (HPRTB, DXS8378, DXS6797, DXS6804, GATA165B12,
DXS9902, DXS6810, DXS8377, DXS101, DXS7133, DXS7424, DXS7423,
DXS6789, GATA31E08, DXS10079, DXS10103, DXS7132, DXS9895) u pas-
pabaThIBacMblid B 1a00OPaTOPUU TEHOMHOM HICHTH(UKAIIUN COBMECTHO C KOMITa-
Hueit OO0 «[opmu3» (Poccusi) MyNbTUIUIEKCHBIH Habop ayTocoMHBIX STR,
Brmowatormmuit 23 mapkepa (D20S1082, D6S474, D14S1434, D4S2666,
D1S1677, D11S4463, D4S2364, D9S1122, D2S1776, D17S974, D10S1435,
D3S3053, D5S2500, D1S1627, D3S4529, D2S1360, D3S1744, D17S1301,
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D8S1132, Penta D, D10S2325, D7S1517, Penta E). JIns reHOTHITHPOBaHUS HC-
MOJTH30BANIN PEAKIIMOHHBIA MUKC M aKTHBATOp IIPOM3BOACTBAa KoMmmanuu «[op-
3y (Poccus). Peaknmonnas cmech (10 MKIT) BKITrOYasa: 2 MKJI akTHBaropa, 2
MKJI peakiuoHHoro mukca, 0,16 mxn cmecu npaiimepos, 1 mxn JJHK, 4,84 mxu
ddH,0. I'erorunuposanue STR-MapkepoB MPOBOAUIIOCH C TIOMOIIHIO KAMILIISP-
HOro AnnekTpodope3a Ha reHernyeckoM aHamuzatope HAHO®OP 05 (Cunromn,
Poccust). UacToThl ayuienei pacCYMTHIBAIM CTAHIAPTHBIM CIIOCOOOM C MTOMOIIIBIO
nporpammHoro makera MS Excel. OueHKy 3HaueHHS 0KUIAEMOH TeTepO3UTOT-
HOCTH, aHAJIM3 TeHETHYECKOW JUCTaHINK 1o PeliHombacy (Rst) u orneHky coort-
BETCTBHS pachpeieiieHHil TEeHOTUTIOB paBHOBecHio Xapnu—BaitHOepra mposo-
JIATHA C UCTIONB30BaHUEM TIPOrpaMMHOTO cpeacTtBa Arlequin v. 3.5 [10]. Dkcme-
PHMEHTAJIBHEIC HCCIIeIOBAHUS IIPOBEIEeHBI Ha 06a3e LIeHTpa KOJUIEeKTHBHOTO ITOJTh-
30BaHMS HAyYHO-HCCIENOBATEIBCKUM 00OpynoBaHUEM «MenuIuHCKas TeHO-
mukay (HUU memunmackoi reHetnkn Tomckoro HUMI).

Pe3yabTarhl ncciiefoBanus U 00Cy:KIeHUE

B koHTeKCTE HCCIeI0BaHUS TEHETHIECKOTO pa3HO00pasus 1 ero 3aKOHOMED-
HOCTEH Ba’KHBIM aCIIEKTOM SIBJISIETCSI aHAJIM3 COOTBETCTBHS PaCIIPEeNICHAS TCHO-
THIIOB paBHOBecHi0 Xapmu—BaitHOepra, 4To MO3BOJIAET BBISBUTH HAPYIICHUS,
00yCITOBIICHHBIE TEHETUIECKIMH U COITUABHBIME (PAKTOPaMH, CYIIECTBYIOIIUMH
B HCCIEAYeMBIX Tomyisanusx. OEeHKY COOTBETCTBHSI pacIipeIeIeHUs TCHOTUIIOB
paBHOBecuio Xapau—BaitHOepra mpoBOAMIN TOJIBKO JIs ayTocoMHBIX STR, 10-
CKOJIBKY B TAaHHOH pabOTe aHAIM3UPOBAINCEH BEIOOPKH MYKIHH. PacnipeneneHust
TeHOTHITOB JIoKycoB D4S2666 (0,000 + 0,000), D10S2325 (0,000 £ 0,000) oTki10-
HSIOTCS OT paBHOBecHsI Xapau—BaiiHOepra B MOMyJISIAN TEISHTUTOB. B momyis-
UM aNTal-KIKH OTKIIOHEHHS 3a(pUKCHPOBAHBI Ul OOJNBIIErO YHCIa JIOKYCOB:
D6S474 (0,001 + 0,000), D4S2364 (0,000 + 0,000), D1S1627 (0,000 + 0,000),
D10S2325 (0,000 = 0,000). Bo Bcex cimy4asx 3Ha4YE€HUS HAOJIOIAEMOTO YPOBHS
TeTEePO3UTOTHOCTH HIKE OXKIIAEMOTO, B CBSI3U C THM MOXKHO IIPEIIONATraTh, 9TO
OTKJIIOHEHHS OT PABHOBECHSI BEI3BAHBI BRICOKIMM WHIEKCOM BHYTPHPAHOHHBIX H-
JIOTaMHBIX OpaKOB IOKHBIX alITaHIIeB.

CpenHee 3HaUCHHUE OKUIACMON T€TEPO3UTOTHOCTH B IOMYJISIIIH TEIICHTHUTOB
(He X-STR = 0,723 £ 0,076, He ASTR = 0,750 + 0,081) mo obenm cucremam
MapKepoB HIKE, 4eM B momysisiiuu antaii-kmkn (He X-STR = 0,726 + 0,098, He
ASTR = 0,753 £ 0,075). B T0 ke BpeMs ypOBEHb CpPEIHEH 0KUIAEMOM TeTepO3Hr-
TOTHOCTH 110 TTaHemn ayTocoMHbIX STR Beimre, wem mist X-STR.

HauGoinbmee cymmapHoe 9nciio ajuieneid Obuto 3a)UKCHPOBAHO B TIOMYJISIIUN
TeneHruToB: 178 ammeneit ayrocoMHbix MapkepoB u 121 ammens X-STR-
MapkepoB. [lomydeHHbIe 3HAUEHHUS CPABHUTENFHO HEBBICOKH, K IIPHIMEPY, B II0-
MYJISIIAA PYCCKUX cyMMapHoe urciio auteneit 20 crannaptabix aSTR cocraBnsier
228, a'y 6enopycos — 250 [11].

O1eHKa TEHETHYECKOTO PACCTOSIHUS MEXIy BBIOOpPKaMHU FOJKHBIX aJITANUIICB
MeTomoM Rst mokasana Hamuame 3HAaYNMBIX Pa3Inarii MEKITy BEIOOPKaMH TEJICH-
THTOB W aNTal-KIDKH, IPU STOM IOIydeHO OOIbIIee TEHETHIECKOE CXOMICTBO TI0
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ayrocomasiM STR (0,006, p = 0,000), vem mo X-STR-mapkepam (0,007,
p =0,002).

3akioueHne

B xome nccnenoBanus ObLTH BBISBIEHB! 3HAYMMEIC TCHETHIESCKUE Pa3TUIUs
MEXIy TBYMS dTHOCAMH FOXKHBIX anTaiiieB (1o Habopy ayrocoMHbIx STR 0,006,
p = 0,000, mo Habopy X-STR 0,007, p = 0,002). [ToryueHHbIC pe3ynbTATHI TO-
YepKHUBAIOT HEOOXOAMMOCTH IIPH BEpOATHOCTHBIX pacuerax B JIHK-unentnguka-
UH OPUCHTHUPOBATHCS Ha ped)epeHCHBIC YacTOTHI ajuielel, BBISABICHHBIC IS
Kaxxoi momyssinny. OObeqMHEHNE aNTai-KUKA U TEJICHTUTOB B OAHY BEIOOPKY
(TO’KHBIE AJITAMIIBI) TOBJICUET CHIKCHUE HAIC)KHOCTH T€HETUIECKON SKCIIEPTH3HI
B TIOMYJISIIIAH TEICHTUTOB. OpHEHTHPYICh HA HU3KUH YPOBEHb T€HETHIECKOTO
pa3HOoOoOpa3usl ayTOCOMHBIX MapKepOB B MOMYJISIIUSAX alTaHIeB, MOKHO PEKO-
MEHJIOBaTh COBMENIaTh 00a THIIA TEHETHUECKUX MapkepoB (ayrocomubie STR u
X-STR) npu mpoBeIeHUN TEHETHYECKOW SKCIEPTU3BI Ha POJICTBO, OCOOCHHO B
CIIOKHBIX CITydasiX.
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