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I1o pesynbratam uccienoBanus noaumopdusma 39 mukpocatessiuTHeIX (STR) JIOKycOB U Tpex JTOKycoOB
MMOJIOBOM NMPUHAJIEKHOCTH,, CITIEIM(PUUHBIX K pa3JIMYHBIM BUIaM CEMeiCTBa IcoBbIe, ¢ 1ieabio JIHK-uaeH-
TU(dUKAIKY OMOJIOTMYECKIX 00pa3lioB XKMBOTHBIX BUIa eHOTOBUIHAs cobaka (Nyctereutes procyonoides) Tipen-
JoxeHa tecT-cucrema NPlex, Bkintouaromas 14 ayrocomHbix STRs 1 1Ba mosioBbIx JioKyca. Tect-cucrema
BJIMAMPOBaHA IS PEIIEHUsT SKCMEPTHBIX 3a71ayd 0 YCTAHOBJICHUIO MPUHAIJIEXKHOCTH OMOJIOTUYECKUX
ciie0B, OOHAPY>KEHHbBIX Ha MECTax IpaBOHAPYIIEHU (C/IeI0B KPOBU U BblIEeHUiT, parMeHTOB MbIIIeY-
HBIX UJIX KOCTHBIX TKaHEM, AEPMbI U BOJIOC U T.11.), KOHKPETHOM 0COOM KUBOTHOTO BUa €HOTOBUIHAS CO-
0aka, a TakKe JJIsl YCTAHOBJICHUST OMOJIOTMYECKOTO POACTBA XKUBOTHBIX JAHHOTO BUIa. BamumannoHHbIe
MEPOIPUSATUS MPOBEICHbI B COOTBETCTBUM C IMpoToKojoM Scientific Working Group on DNA Analysis
Methods.

Karouesvie crosa: MHUKPOCATCJIJIMTHI, I/IZ[CHTI/I(I)I/IKa]_[I/IH, CEMEeNCTBO TIICOBbLIC, KPUMMWHAJINCTUKA, HC3aKOHHaA
oxora.
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Bun eHotoBunHas cobaka (Nyctereutes procyonoides)
SIBJISICTCSI CAMBIM HEU3YyYEHHBIM B CEMEMCTBE IICO-
BoIe. JlocTymHa MHGOpPMALUS O HECKOIBLKHMX TPYyHITax
nccienoBateneit [1—4], KoTopble 3aHUMAIOTCS BEISIB-
JIECHEM WHAWBUAYaJIbHBIX T'€HETUYECKUX XapakKTe-
PUCTHK 3TOTO BUIA XKUBOTHBIX. [10CKOJIBKY JaHHBIIA
BUJ, TICOBBIX TUIUPYIOIINIA paCIIpOCTPAHUTEb TAKUX
3a00JicBaHM KaK OCIIEHCTBO M YeCOTKA, OCHOBHOE
BHUMAaHME YYEHBIX HAIpaBJeHO MMEHHO Ha UCCe-
JIOBaHMSI 300HO3HBIX MH(MpEeKIIM y Buaa [5—8].

Bun enoroBuagHast cobaka B Hauajie XX B. o0UTal
ToJIbKO Ha [lanbHeM BocToke u BKiIIOYad MSITh MOMA-
BUIOB: Nyctereutes procyonoides procyonoides (obutan
B Kurae u CeBepHoM BreTHame); N. p. orestes (Hace-
JIs11 TopHyto obnacte Kurtas); N. p. ussuriensis (ObL1
pacrpocTpaHeH B OOJILIIMHCTBE pernoHoB Cudupu 1
Boctounoro Kuras); N. p. koreensis u N. p. viverrinus
(oburtanu Ha Tepputopun Kopeu u J1moHnm cooTBeT-
ctBeHHO) [9]. B benapycu eHoToBUaHAas1 cobaka ObI-
Jla mHTpomynpoBaHa B 1936 1. (F'omenbckast, MuH-
ckasg u Bureockas obnactu) [10]. Ho yxe no atoro
BpPEMEHU Ha TEPPUTOPUU PECHyOJUKU BCTpedaancCh
eIUHUYHBIE 0COOM €HOTOBUIHOM COOAKN, MUTPUPO-
BaBIINE M3 COCEIHUX obJyracteit Poccui, B KOTOPBIX

X MHTPOMAYKIIMS Oblla mpoBedeHa panbine [11].
EnotoBungHas cobdaka B bemapycu siBisieTcst HEHOp-
MUPYEMBIM OXOTHUYBMM BUJOM, OXOTa Ha KOTOPOTO
paspeiieHa Bech roa. OgHaKO OTCTpeN TaHHOTO KU-
BOTHOTO 0€3 OXOTHUYbe#l MyTeBKU WY B 3aIIOBEIHMU -
Kax kjaccubulmpyercsl Kak (pakT HE3aKOHHOM 0X0-
ThI, YTO TIPUBOIUT K BO3OYKACHUIO YrOJIOBHBIX 1] U,
Kak CJIeICTBUE, K HA3HAYEHUIO CyIeOHbBIX SKCIIePTU3.
YucneHHOCTh EHOTOBUIHOM cO0aKu Ha TEPPUTOPUN
ctpanbl B 2020 1. cocraBisiia okoyio 15000 ocobGeii,
u3 KoTophix 5500 ocobeit (o0ko10 40% YMCIIEeHHOCTH)
ObLTM TOOBITHI B XOA€ MJIAHOBBIX OXOTHUYBUX MEPO-
npustuii [12].

MATEPHAJIBI U METO/bI
Obsexmut uccaedosarnus u evioenenue JJHK

Jnsg usygenus STR-nmonmmMopdusma Buga eHOTo-
BUAHAsI cobaka OBIJIO McciaeaoBaHO 165 oGpaslos
MBIILIEYHOM U XpSIIEBOM TKAaHU 1 00pa3lioB HIEPCTU
XKUBOTHBIX (73 Omoorndyeckmx obpasiia caMmioB 1 92
caMok). Komekiiust 00pa31oB IMKUX XKUBOTHBIX ObI-
Jla 3aKOHHO cgopMmupoBaHa Iipu cogeiictBuu 'Y
“IMTonecckuii TocymapCTBEHHBIN pagualliOHHO-3KO0-
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JIOTUYECKUI 3alIOBEOIHUK”, a TaKXKe B COTPYIHHYE-
ctBe ¢ PI'OO “Benopycckoe 00111eCTBO OXOTHUKOB U
pPBIOOJIOBOB”.

JHK 13 6uonornyeckux o6pa3iioB BEIACIISIIIN 10
MeToanKe, OCHOBaHHOM Ha BeicBoOOXIeHnr JIHK B
X0Jle MHKyOanuu oOpasioB OMOJIOTMYECKOIO Marte-
puana B mu3upymoiieMm oypepe 20 MM Tris-HCI, pH 8.0,
comepxameM 2% SDS, 100 MM NaCl, 20 MM EDTA, ¢
npotenHa3oit K u 0.01 MM autuotpeiitonom, npu 37—
56°C ¥ TeprOOMYECKOM BCTPSIXMBAHUU. JIM3aT MBI-
IIEYHOM M XPSIIEeBOil TKAHW ITOABEPTrajv OOIIEeIIPr-
HSITOM MpoLeaype OYMCTKM Ha cuiukarene [13].
Omnpenenenne KoamdecTBa BeiaeseHHoOI JTHK mpo-
BOOWIM METOIOM CIIEKTPO(OTOMETPUM C UCIIOIH30-
BaHMEM npudopa IJisi U3MEPEHUs] KOHLIEHTpalLlUU
obmeil ¢ppakuuu JHK mi1sa Mukpood6beMOB 00bEeK-
toB uccienoBanusa DS-11 (DeNovix, CIIIA) cornac-
HO peKOMEHAALIUSIM TPOU3BOAUTEIS.

Huzaiin mecm-cucmemot, amnauukayus
MUKDPOCAMENNUMHBIX N0KYCO8 U 2eHOMUNUPOBAHUE

C 1enbio pa3paboTKU TECT-CUCTEMBI TJIST KPUMU-
Haymmctndeckoil JJHK-moenTrudmnkamm KMBOTHBIX
OMOJIOTMYECKOTO BUa €HOTOBUIHASI coDaKa MpoBee-
HO uccaenoBanue monumMopdusma 39 STR-10KycoB u
TPEX JIOKYCOB ITOJIOBOM mpuHamIeKHOCTH. [TompoOHbIii
repevyeHb JOKYCOB yKa3aH B Ta0a. S1 [puioxeHust.

B npoiiecce onTuMmn3alum yCIOBUM NPOTEKAHUS
aMIUInpUKanuyu UCCISIOBAIN CIEHU(PUIHOCTh U
MHTEHCUBHOCTD BBISIBJICHUS aJlJIEJIE B 3aBUCUMOCTH
OT 3HAYEHMI KOHLIEHTpaLMy HoHoB Mg, Temnepary-
PBI OTKMTA Y KOHLICHTPALMY IpaiiMepoB, KOJIMYECTBa
u kavectBa JIHK, ¢ ucnonb3oBaHreM pa3IMYHbIX CTa-
omnu3aTopos noaumepa3ssl (Triton X-100, Tween-20,
BSA, TMGNa, DMSO) B U3MEHSIIOIIUXCS KOJINYe-
ctBax, a Takxe ¢ JHK-monmumepazamMu pazidyHbIX
TUTIOB M TIpou3BoauTeseii. B pe3ynbprare KOHEUHBIN
COCTaB peaKILIMOHHOI cMecH o0LIMM oO0beMoM 10 MKJT
cocraBuwi: 10 MM Tris-HCI, pH 8.6; 25 MM KCI;
2.0 MM MgCl,; 0.2 MM kaxpaoro u3z dNTP; 0.2—
1.0 MxM kaxknmoro u3 napsl IpaiiMepos; 0.15 en. ak-
tuBHOoCcTU JIHK-nonumepassr; 1.5 Hr/mkin BCA (Ob1-
YMii CBIBOPOTOYHBIM anboymuH); 0.02% Triton X-100
u 1—-20 Hr ananuzupyemoit JTHK.

ITpu pazpaboTke TecT-cuctembl NPlex aMringu-
KalHIo MPOBOAVIIA Ha IIPOrpaMMUPYEMbBIX IIPHUOOpax
tepMoumkimdeckoro tuira “C1000” (BioRad, CIIIA)
B CJICAYIOIIMX YCJIOBUX: 10 MUH MHULIMAJILHOM WH-
kyb6auuu nipu 95°C; 30% [30 c nipu 95°C, 40 c nipu
60°C u 60 ¢ pu 72°C] ¢ uHaIBHBIM 3TAallOM 3JIOH-
rauyu B TeueHue 30 muH nipu 72°C.

XapakTepHoe ISl Kaxa0ro 13 oopaslioB couyeTa-
HUE ajUlejieil BBISIBJISUIM IIyTeM 3JIeKTpodopeTrrnde-
ckoro pasneneHus mpoaykros TP B reHeTnaeckom
aHanuzatope 3500 Genetic Analyzer (Applied Biosys-
tems, CIIIA). OnpenencHue pa3MepoOB BEISIBICHHBIX
ajutenieii (B MH) M COOTBETCTBYIOIIMX TI'€HOTHUIIOB
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JHK B ucciegyeMsbIX JIOKycax IIPOBOIMIIN C UCITOIb-
30BaHNEM BHYTPEHHUX CTaHIApTOB pa3Mmepa Orange
500 bp (NimaGen®, Hunepnannsl) u GeneScan-600
LIZ™ SizeStandard v2.0 (ThermoFisher Scientific,
CIIIA), a Takke TiporpaMmMmHoro rmaketa GeneMapper
ID-Xv1.6.

Cexeenupoganue anneneil 10Kycos

151 BBISIBJIEHUSI BOBMOXHBIX U30aJLIeJieid 1 MUK-
POBApUAaHTOB IIOCJICAOBATEIbBHOCTY, a TAKXKe JJISI TaH-
JIEMHOTO MCYUCIICHUS aJUIeeid TeCT-CUCTEMBI IIPOBO-
WA OTIpENeJIEHUE TIEPBUYHON CTPYKTYPBI ajuiesei
IyTeEM CEKBEHMPOBAHUS METOAOM OOpHIBA IICIIU.
HyxieotumHble mocienoBaTeIbHOCTH aJlIeIeid KaxKmo-
ro u3 STR-10KycOB 1 JIOKYCOB MOJIOBOI MPHUHAIICK-
HOCTHU 0co0¢ii Bula €HOTOBMAHASL cOOAKa OIPEAC/ISIIA
BIIPSIMOM 1 00paTHOM HarpaBiieHun. CeKBeHHUpOBa-
Hue nmpooawin Ha mpuoope 3500 Genetic Analyzer ¢
HWCMIOJIb30BaHVEM Habopa IjIs CEKBeHUpoBaHUs Big-
Dye® Terminator v.3.1 Cycle Sequencing Kit (Ap-
plied Biosystems) u BrilliantDye™ Terminator kit v.3.1
(NimaGen®). [lonydyeHHble pe3yabTaThl aHATIU3U-
poBajii C MOMOIIBIO ITaKeTa MmporpaMM Sequencing
Analysis Software v.5.4 (Applied Biosystems). Cpas-
HUTENbHBIA aHAIMU3 MOCIECN0BATEIbHOCTEN ajieneii
WCCJIETOBAaHHBIX JIOKYCOB Y 1I€JI€BbIX BUIOB U BUIOB-
MCTOYHUKOB TPOBOAWJIM Ha OCHOBE PECypCcOB Oa3bl
JIaHHBIX HYKJIEOTUIHBIX IT0CaeaoBarenbHocTell Gen-
Bank [14] m mporpammHoro tipomykra BioEdit
v7.0.5.3 [15]. ITocnenoBaTebHOCTU KaXA0TO JOKyca
tecT-cucteMbl NPlex, mmeronie MUHUMAJIbLHBIA U
MaKCUMAaJbHBIA MOJIEKYJSIPHBII pa3Mmep alljieliei,
ObLTM BHEceHBI B 0a3y naHHbIx GenBank ¢ mpucBoe-
HUEM COOTBETCTBYIOIIMX HOMEPOB JIOCTYyIIa, KOTO-
pule yKa3aHbl B Ta0. S2 [MpumoxeHns.

Cmamucmuueckas o6pabomka pe3y1bmamoes

OCHOBHOI1 aHAJIN3 TeHETUYECKOTO pa3HOOOpasus, a
WMEHHO BBISIBJIEHUE YPOBHS IToJMMopdu3Ma, pacueT
4acTOT BCTPEUYAEMOCTH ajulesieit, 3HaueHusl HaOJIto-
naemoit (Hy) u oxkunaemoit (Hg) reTepo3UroTHOCTH,
OLIEHKY COOTBETCTBUSI paBHOBeCHIO Xapau—BaiinOepra
(HWE) n oLIeHKY CLEIUICHHUS JIOKYCOB IPOBOIWIN C
KCIIOJIb30BAaHUEM MporpaMMHBbIX MakeToB GenAlEx
v6.5 [16] u Arlequin v3.5.1.3 [17]. YcTaHOBIIEeHKE BO3-
MOXHBIX OILIMOOK B MHTEPIIPETALIMU T€HETUYECKUX
npoduieii TOKyCOB C MHTEHCUBHBIMU CTaTTep-(dpar-
MEHTaMH, TIpU BbIMAACHUU ajUiesieil, Mpu HaIudyuu
“Hynp”-ajieneil WM Jpyrux BO3MOXHBIX apTedak-
toB I1LIP npoBoauau ¢ moMolibio nporpamMmm Micro-
Checker v2.2.1 [18] 1 Cervus v3.0.7 [19].

KiractepHbIil aHanmM3 MaccrBa T€HOTUIIOB BHIOOPKH
€HOTOBUAHOI cO0aKu, MOJyYeHHOro ¢ pa3paboTaH-
HOI TeCT-CUCTEMOI1, OLIEHUBAIN C UCIOIbL30BaHEM
nporpamMmsl Structure v2.3.4 [20, 21].
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Kpumunanuctnyeckue mapamMeTpbl OTOOpPaHHBIX
MUKpOCaTeJIUTHBIX JIOKycoB (pacuetr PIC, BeposiT-
HOCTEI CIy4alfHOrO COBHAACHMSI TEHOTHUIIOB IS HeE-
POICTBEHHBIX 0CO0€i 1 15T CMOCOB, YaCTOTHI BCTpeYa-
€MOCTH OIIpEISICHHOTO TeHOTHUITA) OBIJIN PACCUYUTAHBI
C TTOMOIIIBIO TPOTrPaMMHBIX TPOAYKTOB GenAlEX v6.5 n
Cervus v3.0.7. KoaBepraliiio MacCMBOB T€HOTUIIOB
€HOTOBMIHOM CO0AaKM B TeHeTHYecKue (haijibl BBI-
IIETIEPEUYMCIICHHBIX MpOrpaMM IIPOBOOWIM C MC-
MMOIb30BAaHMEM BCIIOMOTaTeJIbHOIO KOMIIOHEHTA
PGDSpider [22].

Banuodayuonnvie meponpusmus

IMpouiecc anpoban U ONTUMU3ALUU YCIOBUMA
KCIIOJIb30BaHUSI TECT-CUCTeMbl ObLI HalpaBiieH Ha
JIOCTUXKEHUE BBICOKOTO YPOBHS CIEeU(DPUIHOCTU aM-
UM (UKALINN, ONITUMATbHOW WHTEHCUBHOCTHU BBISIB-
JieHus1 piryopodopoB Mapkepa U 3aKJodaicsl B MO/ -
0ope TemIiepaTypbl OTXKUTa TpaiiMepoB, KOHLIEHTpa-
LIMU MpaiiMepoOB M MX COOTHOILIEHUS B CUCTEME, a
takke koauuectBa JIHK B mpobe.

BanuaaimoHHble MEpONPUSITUS TPOBEACHBI B CO-
OTBETCTBUMU C IIpoToKojioM Scientific Working Group
on DNA Analysis Methods (SWGDAM) u BkJrouaau
B ce0sl: uccienoBaHue paboTOCIOCOOHOCTU TECT-CH-
CTeMbl KaK ¢ KOMMEpYECKUMU HabopaMu peareHToB
pazmuHbIX pousBoauTeneit (ThermoFisher Scientific,
CIIA, OO0 “IIpaitmrex”, Pb; OO0 “Cunron”, P®;
3A0 “Eporen”, P®; OO0 “AprbuoTex”, PBb;
BioRad, CIIIA), Tak u ¢ peaKIIMOHHBIMU CMECSIMU
JIabopaTOPHOTO TIPUTOTOBJIEHUSI, a TaKXe TeCTUPO-
BaHe pa3pabOTaHHOI CUCTEMbl Ha TOBTOPSIEMOCTb,
BOCITPOW3BOAMMOCTb, CITIELIU(MDUIHOCTh, aHAJIU3 CMe-
ceil, YyBCTBUTEIBHOCTh U YCTOMUYMBOCTh. AHAJIU3 pe-
3yJIbTaTOB BaJIMJALIMOHHBIX MEPOIIPUSTUI TTPOBOIWIIN
C MMOMOIIIbIO TTporpaMMHOT0 obcrieyeHust GeneMap-
per ID-X v1.4 (ThermoFisher Scientific).

ITloemopsiemocms. C 11€1bI0 OLIEHKHU TTOBTOPSIEMO-
CTH TIOJIyYECHUSI pPe3yJbTAaTOB C WCHOJIb30BaHUEM
tect-cucTeMbl NPlex koHTpoabpHBIe 00pasinsl JJHK
ObLIM aMIUIMUIUPOBaHbLl 16 pas ¢ Imociaeayonum
aHaJIM30M PEe3yJIbTaTOB ITeHOTUIIUPOBAHMSI.

Bocnpouzeodumocms. OlieHEeHa BapuaOEIbHOCTh
MOJIYyYEHUSI pE3yJIbTaTOB C MCHOJIb30BAaHUEM TECT-
cucteMbl NPlex Mexmy orrepaTtopamMu, BpeMeHHBIMH
WHTepBajaMU (CYyTKH1) U UCIIOJIb3yeMbIMU MIPUOOPaMMU.
Kaxknprit onepaTop HE3aBUCHUMO COOIIONAN IIPOTO-
KOJI B OTAEIbHBIC THU U C UCIIOJIb30BaHUEM Pa3HOTO
000pynoBaHus.

Cneyuguunocms. B pamkax aHanmza coenuduy-
HOCTHU OLIEHEHA MepeKpecTHask IPUMEHUMOCTb TAaHHOM
cucteMbl Ha MaTpuniax JJHK npyrux mpencraBuresnei
cemeiicTBa rnicoBble. Takske 1151 BaIMAALIMU TECT-CU-
ctemMbl NPlex 1Mo aHaauTuyecKoil crielu@UuIHOCTH
MpoBeIeHa MPOBepKa BO3MOKHOCTU OTXKUTA pa3iny-
HbIX KOMOMHALIM MpaiiMepoB, UCIOJIb30BAaHHBIX B
TecT-cuctemMe, Ha matpuiiax JIHK npyrux npencraBu-

TeJiell Kilacca MJIEKONUTAIoNIe. AHaIN3 ITPOBOIWIIN C
KCIIOJIb30BaHUEM 0a3bl HYKJICOTUIHBIX IOCICAOBA-
tenbHOCTell GenBank u mporpaMMHOTO IIPOOYKTa
Primer-BLAST.

Ananusz cmeceii. C MCIIONb30BaHUEM ITIpeiaracMoii
TECT-CUCTEMBI OBLIA IIPOAHAIM3UPOBAHEI OOpPa3LbI,
coIepKalire cMeCh OMOJIOTMYECKOro MaTepuaia pas-
JIMYHBIX 0CO0eit EeHOTOBUIHOM CODaKHU, a TaKKe 00pa3-
1bl, cogepxaiue cmech JIHK eHoTOBMAHOI coOaku 1
JAHK gpyroro mpeacraBuTesisd CEMEMCTBa IICOBBIE, B
Pa3IMYHBIX COOTHOIIEHUSIX KOMIIOHEHTOB CMECH.
CooTHoleHMsT cMeceii Obutr cnemyrommmMu: 1: 1, 1: 2,
1:5,1:15u1: 30, npuyeM MyKCKOI oOpa3zer ObII
BTOPOCTEIIEHHBIM KOMIIOHEHTOM.

Yyecmeumenvrnocms. Bo BpeMs1 BaauIaliMOHHbBIX U
KOHTPOJILHBIX HCCeaoBaHui TecT-cuctemMa NPlex
ObLIa MpOaHAJIM3MPOBaHa C MCIIOJIb30BAaHUEM MapTULI
JHK B paznom kommuectse (0.1, 0.5, 1,2, 3, 5, 10, 20 Hr)
u paznauaHoro kadyectBa (JIHK ¢ paznuynbiM nuHaeK-
COM JIerpaaalinu).

Yemoiiwuseocmoe. B paMkax BaauaalluOHHBIX MEPO-
NpUATUI TTPOAEMOHCTPUPOBAHA YCTOWYUBOCTb pe-
3yJbTAaTOB, MOJYYEHHBIX C MOMOIIBLIO TECT-CUCTEMBbI
NPlex, ¢ ucrnonb3zoBaHmeM oOpaslia KOHTPOJbHOM
JHK eHotoBumHOI cobaku. AMIIN(PUKAIINIO KOH-
TposbHOro od6pasua JIHK ¢ umons3oBanueMm TecT-
cucteMmbl NPlex npoBonunu npu 20, 25, 30, 35 u 40
nukitax [T P B Tpex mOBTOPHOCTSIX.

PE3VYJILTATBI U OBCYXIEHHWE
Koncmpyuposanue myasmunaexcroil mecm-cucmembl

Ve Ha TepBOHAYaJlbHOM 3Tare MCCleIoBaHus
MSTh MUKPOCATE/UIMTHBIX JIOKYCOB ObUIM MCKJTIOYEHbI
U3 MOCJEIYIOIEero aHaIu3a MO MPUYMHE OTCYTCTBUS
cneumpuueckoi amrumdukanum (tadia. S1 IMpumoxe-
Hus1). Ha BTOpoM aTame olieHUBaJICsl YPOBEHb IOJIU-
Mopdu3Ma 0TOOpaHHbIX 34 JIOKYCOB U UX CITOCOOHOCTh
K aMIiiuKaly B MyJIbTUILIEKCHOM cucteme. JIoky-
Cbl ¢ MOHOMOPMHBIM TIPOSIBJICHUEM TPU3HAKa, BbI-
COKOM MHTEHCUBHOCTBIO CTaTTep-(dparMeHTOB WU
MPEMSTCTBYIOLIME MYJIbTUIJIEKCUPOBAHUIO ObLUIU
yaaJeHbl U3 TTOCIIEAYIONIETO aHaIn3a.

HckmouyeHust coctaBuM nBa Jokyca VWEx wu
Nyct10, y KOTOpBIX ObLTY BBISIBJICHBI ONWH U IBA aJUIEIIS
COOTBETCTBEHHO. AJuienu Jjokyca VWEx conepxaT B
CBOEM CTPYKTYpe TeKCaHYKJIEOTUIHbIE TaHIEeMHbIe
MOBTOPbI. ¥ €HOTOBUIHOI COOAKM, JIMCUILIBI OObIK-
HOBEHHOM M mMecla OOBIKHOBEHHOIO JIOKYC MMEET
MOHOMOPGHOE BBISIBJICHUE, Y COOAK U BOJIKOB — IO~
mmumopdHoe. Jlokyc Nyctl() y nucuiibl OOBIKHOBEH-
HO TIPOSIBJISIETCSI MOHOMOP(HO, Y EHOTOBUIHOI CO-
0aku — noauMop@HO, a y BOJIKa, COOaKU U Ieclia JIOKYC
He aMIIudUIIUpyeTcs.

ITockonsky B benapycu o6bekTaMu He3aKOHHOM
OXOTbI MOTYT OBITh BCE€ BHIIICIEPEYNCICHHBIC TUKIE
BUIBI XKMBOTHBIX, & OXOTY Ha €HOTOBUIHYIO CODaKy
HEPEIKO MPOBOMAST C UCITOJIb30BAHUEM OXOTHUYBUX
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N_procyonoides 318

C_1 familiaris_reference 317

N_procyonoides 316
N_procyonoides 314
N_procyonoides_312
N_procyonoides 310
N_procyonoides 308
N_procyonoides_306

Puc. 1. Yuactok nocienoBareibHOCTH JIoKyca FH2361 'y

cobaku nomaiuHeit (Ha pucynke C_l_familiaris_refer-
ence_ 317) u'y eHOTOBUIHOI cobaku (Ha pucyHke N_pro-
N_procyonoides_316,
des 314, N_procyonoides 312, N_procyonoides 310,
N_procyonoides_308, N_procyonoides_306).

cyonoides_318,
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cobakK, CyIIeCTBYET BbICOKAS BEPOSITHOCTh HAJIMYUS
CMeIIaHHBIX KPUMUHAJIMCTUYECKMX 00pa3LoB. B Ta-
KOM cJIy4ae JIOKYChI C BBIPaXXKEHHBLIM MEXBUIOBEIM
I depeHIUPYIONINM ITOTeHIIUAJIOM MOTYT OBITh
TMOJIE3HBIMU KOMITOHEHTAMM TECT-CUCTEMBI B KAYECTBE
BHYTPEHHETO MOJICKYJISIPHO-T€HETUYECKOTO KOHTPOJISI
BUIOBOM MPUHAIJIEKHOCTH UCCIIETyeMOro obpasiia.

B pesyiabTare MpoOBEeNEHHOTO CEKBEHUPOBAHUS
ajijiesieil oToOpaHHbBIX JIOKYCOB Obljla yCTaHOBJIEHA
BBIpaKeHHAsI pa3MepHasi TOMOITIa31sl ¢ TUIIOM TaH-
nema (AG),(GGAA), B okyce FH3771 1 6bL10 BbI-
SIBJICHO OOJIBIIIOE KOJUYECTBO MUKPOBApUAHTOB B
IuHyKiIeotuaHoM Jyokyce CPH4. JlaHHBIE JIOKYCBI
Takke ObUIM MCKIIIOYEHBI M3 JajdbHEUIIE paOOTHI.
ITpuYMHBI UCKIIOUEHUST OCTATbHBIX UCCIEI0BAaHHbBIX
MapKepoB 0oJiee mogpoOHO yKa3aHbl B Ta0a. S1 [1pu-
JIOKEHMUSI.

HeoxunaHHbiil pe3yabTar ObLT TOJy4eH MpU ce-
KBEHUPOBaHUM ajuteneil nokyca FH2361. I1pn nepe-
Hoce ganHoro mapkepa Ha JIHK eHoToBumHO# coba-
KU aJUIeJIU C UICXOHO TETPAHYKJICOTUIHBIM TAHIEMOM
(CTTT)n y cobakm moMalllHeil BU3yaJIU3UPYIOTCS
IpH 251eKTpodopese KaK TMHYKICOTUIHBIE 1 UMEIOT
tangaeMHoe crpoeHue (CT)n (puc. 1).

Takum obOpa3oM, B pe3yiabTaTe U3YYCHUS TTOJIU-
Mmopdusma 39 STR-I0KyCOB U Tpex JIOKYCOB MOJIO-
BOM IIPUHAJIEXKHOCTH ObLIIO 0TOOpaHO 14 ayrocoM-
HBIX MUKPOCATEJZTUTHBIX JIOKYCOB (TeKCaHYKJICOTU
vWEx [23]; Tpu 10Kyca ¢ TETPaHYKJIEOTUIHBIM T10-
BTOpOM — FH2096 [24], Nyct10 2], PEZ17 [25]; nBa
TPUHYKJICOTUIHBIX JIoKyca — Nyct9, Nyctll [2]; Bo-
ceMb IMHYKJIeOTUAHbIX — FH2361 [25], NPPM30,
NPPM609, NPPM965 [1], Nyct3, Nyct4, Nyct6 [2] u
V602 [26]) v nBa monoseix (DBX6, DBY7 [27]). U3
HUX JEBSITh JIOKYCOB pa3paboTaHBbI IJisI TeHOTUITUPO-
BaHUSs eHoTOBUIHOI cobaku (Nyctl10, Nyct9, Nyctll,
NPPM30, NPPM609, NPPM965, Nyct3, Nyct4,
Nyct6), 1IecTb JTOKYCOB — JUISI cOOAaKM JoMAalIHed
(WWEx, FH2096, PEZ17, FH2361, DBX6, DBY7) n
OIIVH JIOKYC — JJIsI INCHUILIBI OOBIKHOBeHHOIT (V602).

TunuuHas snekTpodoperpamMma paspadboTaHHON
TECT-CUCTEMBI IS MACHTU(UKALIMN €HOTOBUIHOM
cobaku IIpuBeicHa Ha pUC. 2.

Cmamucmuueckuii aHanu3 pe3yabmamoe
UCNO0AB306AHUA mecm-cucnemal

I1pu craTcTUYECKOM aHAJIN3€e Pe3yIbTaTOB FeHO-
TUITUPOBAHUS YCTAaHOBJICHO, YTO paclipene/ieHre Ja-
CTOT IeTepO3UTOTHBIX Mpoduieit B UCCaeayeMOii Bbl-
OOpKe COOTBETCTBYET HOpMaJibHOMY (puc. 3).

IIpu sTOM pacripeneneHrue 4acTOT TeTEpPO3UTOT-
HBIX Tpoduaeii BHIOOPKU IOJUMHSETCS IPABUITY
Tpex curM (G). Ha paccTostHuM OmHOTO CTaHIapTHO-
ro oTkJIoHeHM (10) oT cpenHero 3HaueHM: 0.658 Ha-
xoaatcs 66.7% 3HadyeHUt U3 JaHHOIO pacIlipeielie-
Hus (muana3oH 3HadeHwuii 0.530—0.786, craHgapTHOE
otkiioHeHue ¢ = 0.127); 95.2% 3HadeHUit exar Ha
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Tabomuna 1. XapakTepucTuka MUKPOCATEJNIUTHBIX JIOKYCOB TecT-cucTeMbl NPlex mis naeHTudukanum ocodeit eHoTo-
BUIHOI cobaku

BoisiBeHHBI BoisiBeHHBI
Jlokyc pa3sMepHBIit UCTUHHBIA N, Hy Hg HWE PIC
nrana3oH B TaHIEMax Iamna3oH, ImH
vWEX 2/2 121/121 1 MoHoMopGHBII1 TOKYC
Nyct10 8-9 188—191 2 0.503 0.500 ns 0.375
Nyctll 5-8 103—112 3 0.570 0.585 ns 0.495
NPPM609 12—19 183—197 5 0.612 0.581 ns 0.547
NPPM965 9—13 220—228 5 0.412 0.389 ns 0.357
NPPM30 1723 226—238 6 0.648 0.741 ns 0.695
Nyct9 6—14 162—186 6 0.776 0.785 ns 0.752
Nyct3 16—22 237—-249 7 0.636 0.691 ns 0.652
FH2361 14—-20 306318 7 0.463 0.436 ns 0.409
Nyct4 10—23 215-241 7 0.780 0.795 ns 0.765
FH2096 4—10 84—108 7 0.661 0.635 ns 0.595
Nyct6 11-25 143—171 8 0.812 0.799 ns 0.771
PEZ17 9—17 192—-224 9 0.818 0.768 ns 0.737
V602 3—-14 124—146 9 0.855 0.811 ns 0.785
DBX6 X 246 1 MoHoMop(dHBII JTOKYC
DBY7 Y 117 1 MoHoMopGHBIi1 TOKYC

IIpumeuanue. * N, — 4uciio BbISIBJICHHBIX ajljiesieil B 1okyce; Hy — HabmofaeMast reTepo3UroTHOCTb; Hy — oXuaaeMasi FeTepo3UuroT-
HOCTh; HWE — 3HaUMMOCTb OTKJIOHEHHSI OT paBHOBecHusl Xapau—BaiitHOGepra; ns — CTaTUCTUYECKU HE3HAYMMOE OTKJIOHEHUE OT paB-
HoBecust HWE; PIC — tioka3arenib MTH(pOPMAaTUBHOCTH T€HETUYECKOTO MOJIMMOpGhU3Ma.

pPacCTOSSHUM NBYX CTaHOAPTHBIX OTKJIOHEHW (mua-
ma3zoH 0.402—0.914); 99.4% — nHe Gonee Tpex © (ama-
na3oH 3HayeHuii 0.274—1.041). Pe3yabTaThl CBUIC-
TEJIbCTBYIOT, YTO BBIOOpPKA KMBOTHBLIX PElpe3eHTa-
TUBHA M TIaHEIb JIOKycoB TecT-cucteMbl NPlex
BBISIBJISIET TOJUMOPGhU3M 00pa31oB aeKBaTHO.

OnHOBpeMeHHO ObLT ITPOBEIEH aHAIU3 PE3Yy/IbTaTOB
TeHOTUIIMPOBAHUSI C TIOMOILBIO TporpaMm Micro-
Checker v2.2.1 u Cervus v3.0.7 Ha mpeaMeT BbITaeHUS
ajuiesieid, HeBEpHOW MHTEepHpeTali pe3yJbTaToB re-
HOTUINMPOBAHUS TIO TTPUYMHE MHTEHCUBHBIX CTATTEP-
dparmenToB, apredaxkroB 1P, “Hynb”-anneneit
U T.M. AHaJIM3 TTOKAa3aJl OTCYTCTBUE “HYJIb”’-aJjuiesieit uim
JIPYTUX OTKJIOHEHU y BCEX UCCIIEIOBAHHBIX JIOKYCOB.

O1eHKa CLEMJIeHMS JIOKYCOB C MCIIOJIb30BaHUEM
nporpaMMHbix maketoB GENALEX v6.5 u Arlequin
v3.5.1.3 moka3ana OTCYTCTBUE CLESILUICHHOTO HacC/eIo-
BaHUsI TIPU3HAKOB, YTO CBUAETEIBCTBYET O HE3aBUCH-
MOM paclipeieJIEeHUU aJijiesieii IOKYCOB TeCT-CUCTEMBI.

KitacrepHsrii aHanu3 BeIOOPKH, ITPOBEACHHBII C
HMCITONb30BaHUEM IIporpaMMhbl Structure v2.3.4, 110-
KazaJl OTCYTCTBUE MOApa3AeeHsI Ha MONYJISLUU 1
MIpM3HAJI BLIOOPKY 00Opa3loB I'€HETUYECKU OMTHO-
POIHOIA.

AnnenpHOE pacripesieeHrue B CyMMapHOii BEIOOD-
K€ €HOTOBMIHBIX cO0aK IJisl BCEX MCCJIeTOBaHHBIX
MOIUMOP(HEBIX JTOKYCOB COOTBETCTBOBAJIO pacIIpe-
neneHuto Xapau—Baitn6epra (P > 0.05).

CpenHsig oxuaaemasi reTepo3uroTHocTh (Hg) mist
MUKPOCATEJJIUTHBIX JIOKYCOB, BXOASIIUX B TECT-CU-
cremy, coctaBuia 0.655. CpenHsas HaGI01aeMast re-
Tepo3uroTHOCTh (Hy) cocraBwma 0.657. [leranbHas
nHbopMalusi 00 HCCIeNOBAHHBIX JIOKycaxX TIpel-
cTaBjieHa B TabJI. 1.

CormnacHo D. Botstein et al. [28] PIC s BBICOKO-
MH(OPMATUBHOTIO JIOKYCa HOJKEH IIPEBHIIIATh 3HA-
yeHune 0.5, 1T TOCTaTOYHO NHPOPMATUBHOTO MOXKET
ObITh MeHee (.5, Ho 00s13aTeTbHO TIPEBhIIIATh 3HAYCHUE
0.25. INokazarens PIC mist ManonHMOOPMATUBHOTO JIO-
Kyca mMeeT 3HadeHue meHee 0.25. Kak ciaemyer m3
Tab. 1, MuHMMaIbHBIE 3HaUYeHUsT PIC BBISIBJICHBI Y JIO-
KkycoB Nyct10 (0.375), NPPM965 (0.357). Takoe 3Haye-
Hue PIC nnsa nokyca Nyct 10 00ycoBIeHO CyllIeCTBOBa-
HUEM TOJIBKO JBYX ajuielieil, a mis Jokyca NPPM965
(IIsITh ajuieneil) — CWIbHOM BBIPAXKEHHOCTBIO MaxKop-
Horo ajuienst. MakcuMaiibHoe 3HaueHue P/C BBISIBJIEHO
y jgokyca V602 (0.785), 4To 0OBICHSIETCS OOJIBIIUM
KOJIMYSCTBOM BBISIBJICHHBIX aJlIejIeii C OTHOCUTEILHO
pPaBHOMEPHBIM paclpeaeieHUeEM B MOMYJISIIINU.
Cpennee 3HayeHue PIC coctasmio 0.629. Takum 06-
pa3oM, IIoJIydYeHHbIe HaMU JaHHBIE CIEOyeT CUUTaTh
3HAYMMBbIMU [JIsI MHTEpOpeTalluy pe3yIbTaTOB U
OLIEHKM YPOBHS U3MEHUYMBOCTMU.

CyMMapHO B BBIOOpPKE C MCIIOJIb30BaHUEM TECT-
cucteMbl N Plex ObUIM naeHTU(UIUPOBAHbI 82 ajiie-
JIsI, 9aCTOTHI BCTPEYAEMOCTH KOTOPHIX TIPUBEICHBI B

T’EHETUKA

TOM 59 Ne 5 2023
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Tab6muna 2. YacToThl BCTpeyaeMOCTH ajuiesieil J0KycoB TecT-cuctembl N Plex B monynsiiuy eHOTOBUIHOM cobaku

_ - 12 [ 2 [ s
= N N Q] ] ] = Nt N N = N =
= AN Z = Z Z S Z = & K Z =
3 0.130
4 0.091 0.006
5 0.464 | 0.161 0.545
6 0.009 0.155 0.097
7 0.436 0.073
8 0.100 | 0.300 | 0.494 0.003 0.012 0.197
9 0.097 | 0.506 0.094 0.015 0.003
10 0.197 0.136 0.194 0.036 0.176 | 0.015
11 0.003 0.764 0.209 0.091
12 0.164 0.170 0.024
13 0.612 | 0.003 0.379 0.191 | 0.284
14 0.012 0.094 0.191 | 0.735 | 0.315 | 0.235
15 0.067 0.118 | 0.018
16 0.012 | 0.009 | 0.024
17 0.055 0.009 | 0.482 | 0.003 | 0.012 0.216
18 0.282 0.300 | 0.152 0.073
19 0.064 0.321 0.152 | 0.079 0.134 0.116
20 0.024 | 0.209 0.003
21 0.064 0.061 0.073
22 0.264 0.070 | 0.006
23 0.015 0.045 0.061
25 0.191

Ta0:1. 2. Hanbosree mommMopdHBIMY OKA3aJIUCh JIOKYChI
V602w PEZI17, y HuX ObLIO BBISIBJICHO ITO JICBSITh aJljle-
Jieii. HaumeHbI11mii ypoBeHb IoiuMopdu3ma rnokasajiu
Jokycbl Nyctl0 (oBa amnenst), Nyctll (Tpu ajens).
HaunbGonee Bbipak€eHHbIE MaKOpHbIE aJljieand ObLIU
oOHapyxXeHbl B Jokycax NPPM965 — annenp 11 (ya-
crota 0.764), FH2361 — 14 (0.735), NPPM609 — 13
(0.612), FH2096 — 5 (0.545) n Nyct3 — 17 (0.482). B
Jokycax Nyctll, NPPM30, Nyct6 n Nyct4 BbIIBIEHO
JIBa U 60Jiee JOMUHAHTHbBIX aJLJIeJIs.

KpuMuHanucTiueckyo NpuMeHUMOCTb JIOKYCOB
tecT-cucteMbl NPlex m1s1 uaeHTuruKaMoHHBIX LieJiei
OLICHUBAJIM IO TaKUM KPUTEPUSIM KaK BEPOSITHOCTb
CJIyJ4aitHOTO COBMaIeHUsI TEHOTUIIOB IBYX WHAWBUIYY-
MoB (P(ID) — nns HeponcTBeHHBIX ocobeit 1 P(ID)sib —
JIJIS1 POACTBEHHBIX )KMBOTHBIX) U YaCTOTa BCTpEUaeMo-
CTU OoTpeaeseHHOro reHoturna. [Tockonbky B uccie-
JIOBAaHHOM BBIOOPKE OTCYTCTBYET ITOApa3ieieHue Ha
MOTMYJISILIMU, PACUYET MToKa3aTesIeii MPOBOAUIN Ha OC-
HOBE TOJYYEHHBIX AAHHBIX COBOKYITHOU BBIOOPKU
I 13 HeclienJIeHHBIX JIOKYCOB. Pe3yabTaTsl mpuBe-
JIeHbl B TabJ1. 3, mpu 3TOM TepevyeHb JIOKYCOB OTpa-
KaeT yonIBaHue nx 3HaueHuii P(ID).

TEHETUKA Ne 5

TOM 59 2023

3HaYeHNe BEpOSITHOCTU CIYJafHOTO COBHAICHMS
HCcaeayeMoro oopasiia no 3aJaHHOMY F'¢ HOTUITY Obl-
JI0O MaKCUMAJIbHBIM 11 JJokyca NPPM965, a MuHu-
MaJIbHBIM 1J1s1 JJoKyca V602. Beicokuii ypoBeHb 3Ha-
yenusi P(ID) nns nokyca NPPM965 (nsathb ajieneit)
OOBSICHSIETCSI CWJTBHO BBIPAXKEHHBIM MaXKOPHBIM aJljie-
neMm 11 (dacroToit Bcrpeuaemoctu 0.764). MuHUMAITb-
HO€ 3HaueHWe CIIyJaifHOTO COBITaACHUS IUIS JIOKyca
V602 06ycnoBieHO MaKCUMAaJTbHBIM YHCIIOM ajuiesieit (9)
C OTHOCHUTEIBHO pPaBHOMEPHBIM paclipeneiieHeM
YacTOT B MOMYJISILINU.

YacToTa BCTpeyaeMOCTHU FreHOTHIIA B BLIOOpPKE Ba-
ppupoBaia ot 6.3 x 1077 1o 2.5 x 1071° co cpenHuM
sHadenuem 1.1 X 10~". 3nayenus P(ID) u P(ID)sib
1t tect-cucteMbl NPlex cocrasmsuin 1.6 X 10~ u
3.9 x 1073 coorBercTBeHHO. 3HaueHus LR misa He-
POICTBEHHBIX 0cobeii U cubcoB cocTaBwiu 6.4 X 1010
u 2.5 X 10* cOOTBETCTBEHHO. YUUTHIBAsI, YTO YUCIIECH-
HOCTb IOITYJISILIMY €HOTOBUIHOM cobaku B Pecrmyoim-
ke benapychk nmo cocrostnuio Ha 2020 r. olileHMBAJIaCh B
15000 ocobeii, crna MCKIIIOYEHUSI, obecreuynBaeMast
STR-mokycamu TecT-cucteMbl NPlex, mo3Bonser
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Tab6muna 3. 3HaueHUS BEPOATHOCTHU cnyqaﬁﬁoro COBIMaACHUA TCHOTHUIIOB IBYX HCPOIACTBCHHbBIX ocobeit 1 cOCOB IIJIsI OT-

JECJIbHBIX JIOKYCOB U UX KOMOWHAaLIMMI

P(ID) nnst omHOTO P(ID)sib nnst ogroro | P(ID) ¢ BKIIIoOYeHUEM PUD)sib ¢
Jlokyc BKJIIOYEHUEM
JoKyca JIoKyca MOCJIEAYIOLIETO JIOKYCa
MOCJIEAYIOLIIETO JIOKYCa

NPPM965 4.1 x 107! 6.6 x 107! 4.1 x 10! 6.6 x 107!
NYCTI10 3.8 x 107! 5.9 x 107! 1.5 x 1071 3.9 x 10~ 1**
FH2361 3.5% 107! 6.2 x 107! 5.2 % 1072 2.4 % 107!
NYCTI11 2.6 x 107! 5.2 % 107! 1.4 x 1072 1.3 x 107!
NPPM609 2.1 x 107! 5.1 % 107! 2.9 x 1073 6.5 x 1072
FH2096 1.8 x 107! 4.8 x 107! 5.1 %10~ 3.1 x 1072
NYCT3 1.3 x 107! 4.4 x 107! 6.8 x 107> 1.3 x 1072
NPPM30 1.1 x 107! 4.1 % 107! 7.7 % 1076 5.5 x 1073
PEZ17 8.5 x 1072 3.9 x 107! 6.5 % 1077 21 %1073
NYCT9 7.9 x 102 3.8 x 107! 5.2%x 1078 8.0 x 1074
NYCT4 7.2 x 1072 3.7 x 107! 3.7 x 1079 3.0 x 1074
NYCT6 6.9 x 1072 3.7 x 1071 2.6 x 10710 1.1x 107
V602 6.1 x 102 3.6 x 107! 1.6 x 1071 3.9 x 1073
LR 6.4 x 1010 2.5 % 10*

TMpumevanue. P(/D) — BEpOSITHOCTh CJTy9aifHOTO COBIA/ICHNSI TEHOTUITOB ABYX MHIMBUIYYMOB U1 HEPOACTBEHHBIX ocobeit; P(ID)sib — Be-
POSITHOCTb CJTy4aifHOTO COBIAIeHMsI TEHOTHUITOB ABYX WHANBUAYYMOB IUISI POICTBEHHBIX JKUBOTHBIX; * — 31IeCh U Jdajice MPOM3BeIeHNUE
P(ID) npenplayliyx 1 JTaHHOTO JIOKYCOB; ** — 31ech U naiee npousseneHue P(ID)sib nmpenblayllinX U TaHHOTO JIOKYCOB.

JIOCTUTaTh HAIEKHOTO YPOBHSI J0Ka3aTeJIbCTB B KPH-
muHanuctnyeckom JIHK-ananusze.

ITpu 3TOM HEOOXOAMMO YUUTHIBATh, YTO UCCIEAO-
BaHHasl BHIOOPKA Oblj1a OMHOPOIHOM U, KaK CJIEICTBUE,
TIPU pacyeTe BEPOSITHOCTU CITy4aifHOTO COBITAICHUST HE
ObLIM yuTeHbl 3HaUeHUs Fyr (KoadduLrieHTa UHOpU-
JIUHTA) 111 JAaHHOW KOHKPETHO MOTYJISILIUU €HOTO-
BUIHOU cobaku. B ciayyae mcnonwp3oBaHuss NPlex
JUJISl IPYTUX PETMOHOB U MECT OOMTAaHUI €HOTOBU/I-
HOI cobaku cieayeT co3naTh COOTBETCTBYIOLIMIA
MacCUB T€HOTUIIOB U OLIEHUTb YPOBEHb CYOCTPYKTY-
pupoBaHUs nomnyasiuuu. I[Ipyu HaTUIUKM CyOCTPYKTY-
pupoBaHus 3HadeHuss P(ID) n P(ID)sib 6ynyT pa3s-
JIMYHBIE U1 KaXK/10H CyOononysiuu.

Baauoayus mecm-cucmemot NPlex

IIpu paspaborke Tect-cucteMbl NPlex cumHTe3
MpaiiMepoB, BXOSIIUX B TECT-CUCTEMY, TPOBOAMIICS
B AO “Tenteppa” (Poccuiickas @enepaiius).

B pesynbrarte BammallMOHHBIX MEPOIIPHUSITHIA 110
KUCCEA0BAHNIO PaOOTOCIIOCOOHOCTU TECT-CUCTEMBbI
C KOMMepYECKMMHU HabopaMU peareHTOB pa3InyHbIX
npousBoaureneii (ThermoFisher Scientific, CIIA;
010 “IIpaitmrex”, PB; OOO “Cunron”, P@; 3A0

“EBporen”, P®; OO0 “AprbuoTex”, Pb; BioRad,
CIIIA) ycTaHOBJIEHO, YTO MCIIOJIb30BaHUE pa3/Idd-
HBIX PeareHTOB JaHHBIX IIPOM3BOMUTENCH Ha BBISIB-
JIieMble TTapaMeTpPhbl CUCTEMbI HE BJIUSICT.

Iloemopsiemocms. Tlpu mpoBeaeHUU HCCIIenOBa-
HUI B OIMHAKOBBIX YCJIOBUSIX IIPOAEMOHCTPHUPOBAaHA
IMOBTOPSIEMOCTb PE3yJIbTATOB, ITOJYYEHHBIX C IIOMO-
1IbI0 TecT-cucTteMbl N Plex.

B xaxxmom napajuielbHOM aHaIv3e ST KaxKJI0ro
ob6paszua JHK mnpu uMcnoib30BaHUU TECT-CUCTEMBI
NPlex BBISIBIIEHBI BCe OXMWIaeMble aJUIe]IM BO BCEX
Jlokycax. IlonydyeHHble JaHHBIE YKa3bIBalOT Ha TO,
yTo TecT-cucteMa NPlex ctabuibHO JaeT pe3yabTaT C
BBICOKOIT TIOBTOPSIEMOCTHIO.

Bocnpouzeodumocmes. 11151 oLleHKM BapuabeIbHO-
CTH UccaenoBaHus TecT-cucteMbl N Plex ObITO moJty-
yeHo 88 pesynbraToB. IIpelM3MOHHOCTh KaXKIOTrO
ob6pasia, reHOTUIIMPOBAHHOIO TecT-crucrteMoii NPlex,
cocrasuia 100%.

Cneyuguunocms. Tect-cuctema NPlex mpemHa-
3HaueHa mig JHK-uaeHTHdUKaLIMM 1 yCTaHOBIIE-
HUSI POACTBA XKMBOTHBIX BHIa €eHOTOBMAHAsI cobaKa,
obuTaromux Ha Tepputopuu benapycu. Ilepekpect-
Hasl aKTUBHOCTh TecT-cucTeMbl NPlex mmpu reHoTH-
nupoBanust JHK apyrux BumoB ceMeiicTBa McoBble
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Tabomuna 4. Pe3ynbTaThl mepekKpecTHON aMIUIM(pUKALIMKM MUKPOCATEJTUTHBIX JIOKYCOB TecT-cucteMbl NPlex Ha maTpu-

max IHK apyrux BumoB ceMeiicTBa ICOBbIE

Vulpes vulpes

Jlokyc
(Mucuia oObIKHOBEHHAsT )

(meceir OOBIKHOBEHHBII )

Canis lupus lupus
(BOJIK OOBIKHOBEHHbII)
u Canis lupus familiaris
(cobaka goMalrHsIs1)

Vulpes lagopus

YWEX
DBX
NPPM609
Nyct6

n/a

n/a

B amrensHOM nuara3oHe

BHe anmnenpHOrO nuamazoHa

BHe ajutenbHOTO 1ManasoHa
B ajutenbHOM quarnasoHe

»

NPPMY65
Nyct10 »
Nyct4

BHe ayjutenbHOTO IMana3oHa

n/a

n/a
n/a

B annenbHOM quana3zoHe

Nyct1]
V602
NPPM30
FH2096
PEZ17
FH2361
Nyct9
DBY
Nyct3

OO61mumii aJuIeTbHBIN IMana3oH I BceX BUIOB

n/a

anIMe‘{aHMe. n/a — OTCYTCTBUEC cneuw(bnquKoro IIpoaykKra aMl'lJTI/Iq)I/IKaHHI/I.

(B 4acTH COBITaJICHUS AUAIIa30HA BBISIBIISIEMbIX ajljie-
Jieit Ipyrux BUIOB CEMEMCTBA MCOBBIE C JUANa30HOM
€HOTOBMIHOI CO0AaKM) mpeacTaBicHa B Ta0. 4.

M3 npuBeaeHHBIX pe3yJIbTaTOB CJIEAYeT, YTO JIO-
Kychl TecT-cucTeMbl NPlex MposIBISIOT 3HAYUTEb-
HYIO TIEpEKPECTHYIO aKTUBHOCTh ¢ MaTpuliamu JJTHK
JIPYTUX BUIOB U3 ceMelicTBa IcoBbIX. [TociienHee He Ka-
KETCSI YAMBUTEIbLHBIM, TTOCKOJIBKY CEMEICTBO OOBEIM-
HSIET BUJIbI, CBSI3aHHBIE OOIIIMM MPOUCXOXKIEHUEM B CU-
Iy huoreHeTM4ecKoro poactsa. C yueToM nepekpecT-
HOI aKTUBHOCTHU JIOKYCOB BKJIIOUEHUE B TECT-CHUCTEMY
NPlex nokycoB ¢ Hu3Koi ToammopdHocTeio (VWEX,
Nyct10), HO ¢ BbIpaXXeHHBIM MEXBUIOBBIM I depeH-
LIMPYIOIIVIM ITOTEHIIMAIOM SIBJISIETCSI OIPaBOAHHBIM.

ITpu ncnonb30BaHUU JAHHOW TECT-CUCTEMBI Ha
matpunax JIHK mpencraBureneil cemelictBa Koma-
YbM (KOIIIKa JOMAIIIHSISI, PhICh eBporeiickast), ceMeli-
CTBa KyHbHM (XOpb JIECHOI, BbIIpa pedyHas, KyHHIIa
JIecHasl, JJackKa, HOpKa aMepHuKaHCcKasl, 0apcykK), ce-
MeiicTBa 600poBbIe (00Op PEeUHOIt), ceMeicTBa 3asT9br
(3as1r-pycak, 3asi-0eiIIK), OTpsiaa NapHOKOIIBITHEIE
(Kocyls1 eBporneiickasi, ojieHb 0JaropoAaHblii, OJICHb
MSITHUCTBIIA, JIOCh, JIaHb €BPOITICICKast, ObIK JOMAIITHUIA,
3y0Op eBpomneicKuii, KabaH eBpOIIeiiCKMit), OTpsiga He-
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MapHOKOTMBITHBIE (JIOLIAlb JOMAIIHSIs ), Kjlacca MTU-
116l (Kypulla TOMalllHsIsl, TYCh CEPbIii, MHEHKa) U OT-
psima mpuMathl (4eaoBeK) npoaykrel [T P B ucrons-
3yeMbIX JIOKYCaX HE BbISIBJISIIOTCS.

Taxxe ¢ ncnosb3oBaHMEM 0a3bl HYKJIEOTUIHBIX
nocienoBarenbHocTeit GenBank u mporpamMmHoro
npoaykra Primer-BLAST 6b110 mpoaHaIn3upoOBaHO
cyMMapHO 289 BO3MOXHBIX KOMOMHAIIMI IIpaiiMepOB
TecT-cucteMbl NPlex. YcraHOBIIEHO, 4TO TOJIBKO OQHA
KOMOMHAIMS TTOTEHIIMATBHO MOXET MPUBOIUTH K HE-
crnenuduyeckoit amrmdpukanuu: npaitmep “DBY7 F”
J1aeT HeCIen(PUIECKy0 aMIutnguKaimio ((hparMeHT B
173 1) ¢ npatimepom “Nyct10 R” na marpune JHK
KabaHa eBpomneiickoro (Sus scrofa). IlonydeHHBII pe-
3yJbTaT CBUIETEJILCTBYET O BBICOKOW aHaIUTUYe-
CKOM criellM(pUUYHOCTU TECT-CUCTEMBI.

Anaauz cmeceii. O6paslibl, comepKallyde cMech
OUOJIOTMYECKOTO MaTepuana pas3IudHBIX ocobeit
€HOTOBHMIHOM CO0aKM, a TAKxXKe EHOTOBUIHOM CO0aKM 1
pa3IMYHLIX IIPEICTABUTEIICH ceMeiCTBa MICOBBIE MO-
IyT ObITh IIPOAHAIM3UPOBAHBI C MCHOJIb30BaHUEM
TeCT-CUCTEMbl. B JaHHOM ciydyae WHTEpIIpeTaius
pEe3yJIBTaTOB TeHOTUIIMPOBAaHYS OyIeT B 3HAYUTETbHOM
MEPE 3aBUCETb OT KAYECTBEHHbLIX U KOJMYECCTBECHHBIX
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Puc. 4. Daexkrpodoperpamma pe3yabTaToB aMIUIMGUKALMU KOHTpoIbHOro obopasua JJHK eHoToBHMAHOM cOGAKM ITPU pas3aind-
HBIX KOJIM4YecTBax MukioB amrumdukamnuu. 40c, 35c, 30c, 25¢, 20c — yncno uukioB amiuindukamnu. [1o BepTukamim — uH-
TEeHCUBHOCTb (DJIyOpECLICHLIMH.
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XapakTepucTuk cMecu. TeM He MeHee HeOOXOIMMO
OTMETUTh, uTo Haiumuue B IIIIP-cmMecu npumecu
JHK npyroro rcoBoro jerko 1MarHoCTUpPyeTCsl BBU-
Iy pas3ivuyuii B ajlJIeJIbHOM JiMarna3oHe JIOKYCOB, 00-
Jlanaromux 1M depeHIIUPYONIMM TOTEHILIMATIOM.

Yyecmeumenvnocms. st tect-cuctembl NPlex
ontumanbHoe koandyectBo JIHK, BHocumoii B TTLIP,
cocTasisieT 2 HI. Bo BpeMst BaaumallMOHHBIX M KOH-
TPOJBHBIX MCCIAECIOBAHMI TeCT-CHUCTEeMa IIoKa3aja
IIOJTHOE BBHISIBJICHNWE T€HOTHIIA KMBOTHOTO B IMAaria-
3oHe oT 0.5 mo 15 ur JIHK.

MuHumManbHoe BHocuMoe KkoyudectBo JIHK,
MO3BOJISIOLIEE MOJYYUTh MOJHbIMA T€HETUYECKUIA TTPO-
Wb XUBOTHOTO, cocTansieT 0.5 HT U SIBJISIETCS IIpe-
JIEJIOM OIIpeNeIeHUS TECT-CUCTEMEL.

Yemoiiuuseocms. Tect-cuctema NPlex onTuMu3upo-
BaHa IPU UCIIOJIb30BaHUU 30 UKIIOB aMIUTM(UKALIVH.
B pamkax BaMaaliMOHHBIX MEPONPUSITUI TPOIEMOH-
CTPUPOBAHA YCTOMYMBOCTh PE3YJIBTATOB, ITOJTYYCHHBIX
¢ moMomIbio TecT-cucteMbl NPlex Ha oOpasie KOHTO-
poabHoi JIHK eHoTOBUIHOM cobaku. st TecT-cu-
ctembl NPlex momygeHo 15 pe3ynbpTaToB, IEMOHCTPH -
PYIOILIUX YCTOMYMBOCTh UCCIACAOBAHUS. DeKTpodo-
perpaMMma pe3y/IbTaToB aMITTN(UKAITY KOHTPOJIHLHOTO
o6pazia JIHK eHoToBUAHOI cobaku Tpu pa3TvuyHOM
KOJIMYECTBE ILIMKIIOB arIn(uKaluyd IpeacTaBicHa
Ha puc. 4.

MuHUMaJIbHOE KOJIMYECTBO LIUKJIOB aMILIU(UKa-
1, IIPYU KOTOPHIX BO3MOXKHO IIOJIHOE€ BBISIBJICHHE
TEHOTHIIA KMBOTHOTO C MCHOJb30BAHUEM TECT-CHU-
cteMbl NPlex, coctasimsteTr 20. OnrTuManbHOE KOJH-
YeCTBO LIMKJIOB aMILIM(UKAILIMU C UCITOJIb30BaHUEM
tecT-cucteMbl NPlex cocrasisier 30. I1pu aTom yBe-
JIMYeHWEe LTMKJIOB aMIuimpukanmu 10 40 He mMpuBO-
IUT K MOSIBIECHUIO Hecnelu(GUYEeCKUX MPOaYyKTOB
aMIuinuKanu, a yMEHbIICHNE KOJIMYECTBA IIMK-
JIoB 10 20 MOXET MPUBOAUTH K BBIMAACHUIO aJIeIeii
TOJIbKO B JIokycax DBX u Nyct9. OcraibHble JIOKYChI
NPlex ammnuduipyotcs 3pheKTUBHO.

B xone HacTosiiero uccienoBaHusi ObLT onpene-
neH cnekTp STR-10KycoB, KoTopble 00amal0T H0-
CTaTOYHBIM MoJuMopdu3MoM Tipu padote ¢ JJHK
€HOTOBUIAHOI cobaku, 1 Obliia pa3paboTaHa MYJbTH -
TuieKcHas TecT-cucreMa NPlex njis uneHTuduKanm
ocobeilt eHOTOBUAHOI COO0AKM B KPUMMHAIUCTUYE-
CKHUX MCCIea0oBaHUusIX. B Xxone 3KkcIriepruMeHTOB ObLia
MpoBeleHa OlleHKa ToJuMopdu3Ma, KpUMUHAIU-
CTMYECKUX MapaMeTpoOB JIOKYCOB, BKJIOUEHHBIX B
TeCT-CUCTEMY, a TakKe IMOATBEpKIAeHa TaHAeMHas
CTPYKTypa ajjesneil JokycoB. PazpaboraHHast Tect-
cucteMa NPlex o6agaeT BEICOKOM IMTOBTOPSIEMOCTBIO
U TIpen3nOHHOCTEIO B 100%, MMeeT BBICOKYIO aHa-
JIUTUYECKYIO CITeM(PUIHOCTh M HU3KUIA TIpeiest 00-
Hapy>XeHUsl TeHeTu4eckoro marepuana. [lo pesysb-
TaTaM TeHEeTUKO-CTaTUCTUYECKOTO aHajln3a MacCcuBa
TEHOTHUITIOB 0Opa3I[0B €eHOTOBUIHOU CO0aKu BCe JIO-
KyCbl HacjeayloTcsl He3aBUCUMO U COOTBETCTBYIOT
paBHOBecuio Xapau—BaiinOepra. PazpaboraHHas
TecT-cucteMa NPlex MoxeT puMeHsITbCS MpU UC-
CJIeJOBAaHMM BEIIECTBEHHBIX 0OKAa3aTENbCTB IO Je-
JlaM O HEe3aKOHHOI 0XOTe, O HaIlaJIeHUU TUKUX KU-
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BOTHBIX U ITIO MHBIM A¢€JaM, CBA3aHHBIM C y4YaCTHEM
C€HOTOBUIHBIX cobaxk.

HMTtorom pa3paboTKu TECT-CUCTEMBI SIBUJIACH METO-
muka JIHK-nnentndukammm 6MoI0rm4eckux oopas-
1I0B >KUBOTHBIX BUJa €HOTOBUAHAs cobaka (Nyctereutes
procyonoides), TipenqHa3HauYeHHasl IS TPAKTUKYIO-
II1X CYACOHBIX 9KCIIEPTOB ['0Cy1apCcTBEHHOTO KOMU-
TeTa cylneOHbIX aKcriepTu3 Pecnyonuku bemapyce u
Hay4YHBIX COTPYIHUKOB I10 IPOMUIIIO UCCISIOBAHMS.
Metoauka BKIOYeHa B Peectp cymeOGHO-3KCIIepT-
HBIX METOOMK M WHBIX METOOWYECKMX MaTepuaioB
T'ocynapcTBeHHOro KOMHUTETa CyIEOHBIX DKCIIEPTU3
Pecniy6onuku benapych, 4TO COOTBETCTBYET MMILIE-
MEHTallMK pa3paboTKM B HAIIMOHAJIBbHYIO IIPABOBYIO
CUCTEMY.

ABTOpBI BBIpaxaloT OmaromapHOCTb PecrryOim-
KaHCKOMY TOCyJapCTBEHOMY OOILECTBEHHOMY OOB-
equHeHUIO “beropycckoe OOILIECTBO OXOTHUMKOB U
pr16ooBoB” 1 nepcoHanbHo M.C. FOpueHko, 3aBe-
JIyIoIIeMy OTlesa 3KoJioTuu dayHbl TocymapcTBeH-
HOTO MPUPOJOOXPAHHOIO HAYyYHO-KCCJIEIOBATEIb-
ckoro yupexaeHus “Iloaecckuii rocymapCTBEHHBIN
pagralOHHO-3KOJOTUYECKHUI 3aIIOBEIHUK’ 3a I10-
MOILIb B (OpPMUPOBAHUU KOJUICKIIMU OMOTOTMYECKUX
00pa3LoB.

IMonpoGHas nHdopMaus 06 UCTIOIb3YEMBIX MO~
CJIeA0BATEIBHOCTIX ITpaiiMepOB U 0COOEHHOCTSIX UC-
cJieJOBaHHBIX JJOKYCOB, a TaKxKe HOMepa JOCTyIa K
nocjaemoBaTenbHOCTIM aieneit B GenBank mpuBe-
neHbl B Ta6n. S1 m S2 IpunoxeHns.

Bce aBTOPbI yHaCTBOBaJIM B UCCJICOJOBAaHMU U aHA-
JIN3€ PEIYJIbTATOB.

JlaHHass paboTa BBINIOJHSIJIACh Ha 0a3e rocymap-
CTBEHHOTO YyupexaeHMs “HaydHo-mpakTmyecKuii
1eHTp I'ocynapCcTBEHHOTO KOMMUTETa CyleOHBIX IKC-
neptu3 Pecriyonuku benapych” u ¢puHaHCHUpoOBajiach
HaumonansHoit Akanemuneit Hayk Pecriyonukm be-
Jlapych (HOMep TOCYAapCTBEHHON perucrpauuu
HUWOK(T)P: 20190195).

Bce npuMeHUMBIE MeXIyHAPOOHbIE, HALIMOHATb-
HbBIC 1/WIA WHCTUTYIIMOHAJIbHBIE IPUHIIMIBI YX01a
Y UCIIOJIb30BaHUS XKMBOTHBIX ObLIM COOJIIONEHBI.

ABTOpBI 3aSIBIIIOT, YTO Y HUX HET KOH(MIJIMKTA WH-
TEpPECOB.
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Taomuna S2. Homep noctyna GenBank, mocienoBaTeibHOCTHY TpaiiMEPOB U JIOKYCOB, BXOAs1IuX B TecT-cuctemy N Plex

Jlokyc ®nyopodop ITocnenoBaTtenbHOCTH ITpaiiMepoOB Howmep noctyna GenBank

CTCCCCTTCTCTACCTCCACCTCTAA

WEX VIC OM371048
CAGAGGTCAGCAAGGGTACTATTGTG
CTTGCTGCAAATCTCCCATT OMT16956

Nyct10 NED OMT16037
CAAGGAGAGGAGCTGTTTGC 9
CCAGTCATCCTGCCTTTGTT

Nyctl] FAM OM712958
GTGCCCTTGTGGGTTTCTTA OM716959
TTTGGGGTCACTCAGATAGGAAG

NPPM609 | FAM 8%}292(1)
TTTTCCAGAAGGGAGAACAGGT 9
AGAGCAAAGAAACAGGGCTATAG

NPPM965 |FAM OM712922
GCTGATTTTGTGTTCTGCTCTGT OM716963
AGGACTATTTCACGCCTTGTTG

NPPM30 |FAM 8%}2922
ATTCCCACCTCAGTGATTACAG 9
CCCTCAATGGTCTTATCCCC OM716966

Nyet9 PET OM716967
ACGACCCCTTCATCTGACTG

Nyt vic TGGACAAGGTCACACAGGAA OM716968
ACCCTCCAAGTGTTCACGAC OM716969
GCTTGGAAGGTGAGACTGAATG OM716970

FH2361 NED OMI16071
AGCACTTAGAATGTACCAGGCA 9
TGCTTCTGTCTCCCCTGTCT OM716972

Nyct4 PET OM716973
AGTTCAGCCGGGTTGTAATG 9
CCGTCTAAGAGCCTCCC OM716974

FH2096  |VIC OMT16973
GACAAGGTTTCCTGGTTCCA 9

et vic GATCCAGCTGTCACTGCTTT OM716976
GTCTGCTTCTCCCTCTCCCT OM716977

— ic CTAAGGGACTGAACTTCTCC OM716978
GTGGAACCTGCTTAAGATTC OM716979

Vo o CAGCCTGGACTACAATTCTCTTT OM716980
CCCCAAGTCTTTTGTCCAGA OM716981
ATGCTGCAGTTTTTCCAGA

DBX FAM OM630073
TACGCTGGGTCTTAGTT
GGTCCAGGAGAGGCTTTGAA

DBY NED OM630074
TGCCATTGTTTAAAAGGAAG
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A Robust Test System for DNA Identification of Raccoon Dogs

A. E. Hrebianchuk® *, O. N. Lukashkova’, S. A. Kotava®, and 1. S. Tsybovsky*
4State Forensic Examination Committee of the Republic of Belarus, Minsk, 220073 Belarus
bScientific and Practical Center of the State Forensic Examination Committee of the Republic Belarus, Minsk, 220114 Belarus
¢RUP “BelJurZabespjachjenne”, Minsk, 220069 Belarus
*e-mail: iamsanya94@mail.ru

To establish a system for DNA identification of biological samples of the raccoon dog (Nyctereutes procyonoi-
des), we carried out a study of polymorphism of 39 microsatellite loci and three sex loci specific to various
species of the Canidae family. This resulted in the development of the NPlex test system, which includes 14
autosomal STRs and two sex loci. The test system has been validated for use in forensic identification of
racoon dogs based on biological traces (such as traces of blood and secretions, fragments of muscle tissue or
bones, dermis and hair, etc.) found at crime scenes, as well as for establishing biological relationship of ani-
mals of this species. Validation efforts were performed in accordance with the protocol of the Scientific Work-
ing Group on DNA Analysis Methods.

Keywords: microsatellites, identification, Canidae family, forensics, illegal hunting.
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