*kkkk H3BECTHA +¥kxkk

HH>XHEBOAXXCKOI'O ATPOYHHBEPCHTETCKOI'O KOMIIAEKCA:
HAYKA H BBICIIEE NIPOPECCHOHAABHOE OBPA30BAHHE

N 3 (75), 2024

CnoxeHkunHa MapuHa MBaHoBHa, 4neH-koppecnoHaeHT PAH, goktop 6uonoruyeckunx Hayk, aupektop ®IrBHY «lMosomxkckuit
Hay4YHO-MCCnenoBaTeNbCKUA UHCTUTYT NPOU3BOACTBA U NepepaboTky MACOMONOYHON npoaykummn» (Poccuiickas denepauus,
400131, r. Bonrorpag, yn. PokoccoBckoro, A. 6), npoceccop kadenpbl «TexHonornv nuweBbix npoussoacts» ®rBEOY BO
«Bonrorpagckuii rocyfapcTBeHHbIN TexHUYeckuii yHusepcuteT» (Poccuiickas dPenepauus, 400005, r. Bonrorpag, np. um. B. U.
JlenuHa, a. 28), ORCID:0000-0001-9542-5893, e-mail: nimmp@mail.ru
BanbiweB AHapen BnagumupoBud, kaHavaaT Guonornyeckux Hayk, KOMNiekcHas aHanutuyeckas nabopatopusi, Mosomnx-
CKWI Hay4HO-MCCMNeaoBaTenbCKUA MHCTUTYT NPOU3BOACTBA U NepepaboTkn MACOMONOYHONM npoaykumn (Poccuiickas ®enepa-
ums, 400131, r. Bonrorpag, yn. PokoccoBckoro, 4. 6), e-mail: niimmp@mail.ru
AbpamoB Cepreit BnagucnaBoBuy, kaHOMAaT BeTepUHApHbIX HayK, KOMMNeKcHas aHanutudeckas nabopatopus, [MoBomk-
CKVUI Hay4HO-MccrnenoBaTenbCKU MHCTUTYT MPOU3BOACTBA M NepepaboTkn MsacomonoyHow npoaykumm (Poccuiickas Pepepa-
ums, 400131, r. Bonrorpag, yn. PokoccoBckoro, 4. 6), e-mail: niimmp@mail.ru
BopoHuoBa EneHa CepreeBHa, kaHamaaT G1onormyecknx Hayk, ctapLumin Hay4Hbln cotpyaHnk ®rBHY «lMosomkckuin Hay4Ho-
nccrnenoBaTernbCKUn MHCTUTYT NPOU3BOACTBA UM NepepaboTkM MSICOMONMOYHOWM npoaykummy (Poccuickaa depepauusi, 400131,
r. Bonrorpag, yn. Pokoccosckoro, . 6), e-mail: esvoronts@mail.ru
FopnoB MBaH ®enopoBuY, JOKTOP CEMbCKOXO3ANCTBEHHbIX HayK, akademunk PAH, HayuHbi pykoBogutenbs ®IBHY «[lMosormk-
CKWI Hay4HO-MCCeaoBaTeNlbCkUn UHCTUTYT NPOU3BOACTBA U NepepaboTku MscoMonodHon npoaykummn» (Poccuiickas denepa-
uusi, 400131, r. Bonrorpag, yn. PokoccoBckoro, a. 6), 3aBegyrowwimn kacdeapon « TexHonorusi nuieBbIx nponssoactsy ®rbOy
BO «Bonrorpaackuin rocyaapCTBeHHbIN TeXHUYecKUiA yHuBepcuteT» (Poccuiickas ®enepauusi, 400005, r. Bonrorpag, np. um.
B. W. NeHuHa, g. 28), ORCID: 0000-0002-8683-8159, e-mail: niimmp@mail.ru

Author’s Information
Brekhova Svetlana Andreevna, Junior Researcher, Volga Region Research Institute for Production and Processing of Meat
and Dairy Products (Russian Federation, 400131, Volgograd, Rokossovskogo str., 6), e-mail: sveta511518@mail.ru
Slozhenkina Marina Ivanovna, Corresponding Member of the Russian Academy of Sciences, Doctor of Biological Sciences,
Director of the Volga Region Research Institute for the Production and Processing of Meat and Dairy Products (Russian Federa-
tion, 400131, Volgograd, Rokossovskogo str., 6), Professor of the Department of Food Production Technology, Volgograd State
Technical University (Russian Federation, 400005, Volgograd, V. |. Lenin Ave., 28), ORCID:0000-0001-9542-5893,
e-mail: nimmp@mail.ru
Balyshev Andrey Vladimirovich, Candidate of Biological Sciences, Complex Analytical Laboratory, Volga Region Research
Institute of Production and Processing of Meat and Dairy Products (Russian Federation, 400131, Volgograd, Rokossovskogo
str., 6), e-mail: niimmp@mail.ru
Abramov Sergey Vladislavovich, Candidate of Veterinary Sciences, Complex Analytical Laboratory, Volga Region Research
Institute of Production and Processing of Meat and Dairy Products (Russian Federation, 400131, Volgograd, Rokossovskogo
str., 6), e-mail: niimmp@mail.ru
Vorontsova Elena Sergeevna, Candidate of Biological Sciences, Senior Researcher of the Volga Region Research Institute of
Production and Processing of Meat and Dairy Products (Russian Federation, 400131, Volgograd, Rokossovskogo str., 6),
e-mail: nimmp@mail.ru
Gorlov Ivan Fedorovich, Doctor of Agricultural Sciences, Academician of the Russian Academy of Sciences, Scientific Director
of the Volga Region Research Institute for the Production and Processing of Meat and Dairy Products (Russian Federation,
400131, Volgograd, Rokossovskogo str., 6), Head of the Department of Food Production Technology, Volgograd State Tech-
nical University (Russian Federation, 400005, Volgograd, V. I. Lenin Ave., 28), ORCID: 0000-0002-8683-8159,
e-mail: nimmp@mail.ru

DOI: 10.32786/2071-9485-2024-03-32
DEVELOPMENT OF A MULTILOCUS STR PANEL AND ASSESSMENT OF THE RELIABILITY
OF THE ORIGIN OF THE AQUACULTURE STERLET (ACIPENSER RUTHENUS)

'Nikipelov V. L., 'Kharzinova V. R., 'Volkova V. V., 'Nikipelova A. K., 'Bardukov N. V.,
2Grozescu Yu. N., 'Zinovieva N. A.

"Federal Research Center for Animal Husbandry named after Academy Member L. K. Ernst
Dubrovitsy, Moscow region, Russian Federation
?Astrakhan State Technical University
Astrakhan, Russian Federation

Received 11.04.2024 Submitted 25.05.2024
Corresponding author E-mail: vladnikipelovvij@mail.ru

The work was carried out with financial support from the Russian Science Foundation,
project No. 21-66-00007

Acknowledgments: We express our gratitude to RTF Diana LLC, the Sturgeon Breeders Union and per-
sonally to A. V. Mikhailov for providing samples of biomaterial for research. For assistance in carrying out
the experiment, we thank the chief fish farmer of the Federal State Budgetary Institution “Glavrybvod”
Glebov A. P.
When carrying out the research, the equipment of the Center for Collective Use of Scientific Equipment “Bi-
oresources and Bioengineering of Farm Animals” of the Federal State Budgetary Institution Federal Re-
search Center VIZh named after. L. K. Ernst.

Summary
This article presents the results of studies of genetic analysis of aquaculture sterlet carried out using a mul-
tiplex panel consisting of 12 microsatellite loci. This study is aimed at establishing the authenticity of the
origin of sterlet individuals, as well as improving the genetic quality of the offspring in sturgeon fish farms.
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Abstract

Introduction. In modern practice of artificial breeding of sturgeon fish, obtaining viable offspring is of particular
importance. In this context, the use of microsatellite markers to assess the relatedness and genetic diversity of
sterlet in commercial aquaculture becomes relevant. This will make it possible to more accurately determine the
origin of individuals and significantly increase the efficiency of breeding work at fisheries enterprises. Object. The
object of the study is samples of fin sections of aquaculture sterlet of various origins. Materials and methods.
The development of a microsatellite panel including 12 loci (AfuG 63, AfuG 112, Afu 68 b, LS-39, Spl-163, An20,
AfuG 51, Aru13, AoxD161, AfuG 41, Aru18, LS-68) was carried out on the basis of the Federal State Budgetary
Institution Federal Research Center VIZH them. OK. Emst. Testing of the developed test system, as well as its
information content, was carried out on a sample of hatchery sterlet (n=149) from three populations: Su-
khonovskaya, among which there were two parental pairs with 30 known offspring (SX, n=65), Okaskaya (OK,
n=50 ) and Lower Volga (NV, n=34). Results and conclusions. Based on the results of using microsatellite
markers, the reliability of the origin of three sterlet populations was assessed. Based on the polymorphism of 12
microsatellite loci for the three studied groups of sterlet, classical population genetic indicators were calcu-
lated: the average number of alleles per locus (NA = 7.528 + 0.717), the number of effective alleles (NE =
4.098 + 0.437), observed (HO = 0.571 + 0.049) and expected (HE = 0.611 + 0.049) heterozygosity, as well as
the inbreeding coefficient (FIS = 0.046 + 0.028). The probability of matching genotypes (PI) for the developed
STR panel ranged from 3.7*10-13 for OK to 8.1*10-10 for SX, i.e. was practically excluded. The exclusion proba-
bility values (P1, P2, P3), calculated based on the results of the developed test system, were minimum for SX
and maximum for OK and ranged from 99.88 to 99.99% for P1. The P2 parameter was 98.62% for the NV and
99.87% for the OK population. For P3 it was 99.99% for all studied groups. These data confirm the high infor-
mation content of DNA analysis of 149 individuals to establish the authenticity of the origin of hatchery sterlet and
the functionality of the developed STR panel. As a result of the research, a multiplex test system was created that
allows analysis of twelve STR loci, and its high functional efficiency was demonstrated.
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AxTyanbHOCTb. B cOoBpeMeHHON npakTuke UCKYCCTBEHHOro pa3BedeHns 0CeTpoBbIX pbib 0co-
6oe 3HayeHne npuobpeTaeT NOoJyYeHUe >KU3HECTOMKOrO MOTOMCTBA. B 3TOM KOHTEKCTe akTyarnbHbIM
CTaHOBMUTCS NMPUMEHEHNE MUKPOCATEMSIMTHBIX MapKepPoB AMsl OLEHKN POACTBA U FEHETMYECKOrO pasHo-
obpasua ctepnaguM B KOMMeEpPYECKOW akBakynbType. OTO No3BonuT 6oriee TOYHO YCTaHOBUTb NMPOUC-
xoxgeHne ocoben U 3HaYNTENbHO MOBLICUTL 3PMEKTUBHOCTL CENEKUMOHHOW paboTbl Ha pbiboxo3an-
CTBEHHbIX npeanpuaTusax. O6bekT. O6BHLEKTOM MccnenoBaHUsA ABMASATCA obpasubl NNAaBHUKOBLIX Cpe-
30B aKBaKyINbTypHOW CTepnsan pasnuyHoro npoucxoxgeHusi. Matepmanbl U1 metoabl. PaspaboTka
MUKpPOCaTENNUTHOM NMaHenu Bkntovatowen B cebsa 12 nokycoB (AfuG 63, AfuG 112, Afu 68 b, LS-39,
Spl-163, An20, AfuG 51, Aru13, AoxD161, AfuG 41, Aru18, LS-68) npoBogunacb Ha 6aze ®TBEHY UL
BWXX um. J1.K. OpHcTta. Anpobaumio paspaboTaHHOM TECT-CUCTEMBI, @ TakXe ee MHPOPMAaTUBHOCTb Bbl-
NonHANN Ha Bblbopke3aBogckon ctepnaan (n=149) Tpex nonynaunn: cyxoHckas, cpegn KOToOpou nme-
nuck gBe poautenbckme napbl ¢ 30 M3BeCTHbIMM NoToMkamm (SX, n=65), okckasa (OK, n=50) 1 HMxHe-
Borxckasa (NV, n=34). PesynbTatbl n BbiBoAbl. [10 pe3ynbtataM UCNOMNb30BaHNA MUKPOCATENTUTHBIX
MapKkepoB Oblna faHa oueHKa AOCTOBEPHOCTU MPOUCXOXOEHUS Tpex monynauwmn ctepnsgu. Ha ocHo-
BaHUW monumopdunama 12-TM MUKPOCATENIIUTHBLIX FIOKYCOB ANl TPEX MCCReAyeMbIX rpynn cTepnsan
NPOn3BEAEH pacyeT KNacCUYeCKMX NonymnsiuMOHHO—TEHETUYECKUX MOKa3aTenen: cpegHee Ymcno anne-
nen Ha nokyc (N, = 7,528 + 0,717), konuyectBo addekTmBHbIX annenen (Ng = 4,098 + 0,437), Habnto-
paemon (Hp = 0,571 + 0,049) n oxngaemon (Hg = 0,611 £ 0,049) reTepo3nroTHOCTH, a Takxke Koadhdu-
umeHTa nHbpugmHra (F;s = 0,046 + 0,028). BeposATHOCTb coBnageHunsa reHotunos (P,) ons paspaboTah-
Holt STR-naHenu kone6anack ot 3,7*107"° y OK go ot 8,1*107'° y SX, T.e. 6blna npaKkTU4ecKn UCKMIo-
YyeHa. 3HayeHuss BEpPOATHOCTU ucknodeHuns (P4, P,, P3), paccuntaHHble no pesynbtatam paspaboTtaH-
HOW TECT-CUCTEMBbI, ObINN MUHMManNbHbIMK Yy SX 1 MakcumanbHbiMu y OK 1 konebanuce ot 99,88 go
99,99% ana P4. Mapametp P, coctaBnan 98,62% y NV n 99,87% ana OK nonynsauun. Ona P3 cocta-
Buno 99,99% ansa Bcex uccnegyemblx rpynn. 3Tu AaHHble NOATBEPXKAAIOT BbICOKYHO MHOPMAaTUBHOCTb
aHanusa [JHK 149 ocoben ana yctaHOBMEHUS] LOCTOBEPHOCTU MPOUCXOXAEHUSA 3aBOACKON CTEPNALAN U
PYHKLNOHANbHbIE BO3MOXHOCTU pa3paboTaHHon STR-naHenn. B pe3ynbTaTe NpoBeAEeHHbIX Uccrneno-
BaHWM Oblna co3gaHa MynbTUMNIEKCHAsA TECT-CMCTEMA, KOTOpas NMO3BOJSISIET NPOBOANTL aHaNW3 ABEHa-
puatn STR-nokycoB, NPoAEMOHCTPUPOBAHA €€ BblCOKas pyHKUMOHarbHas 3hPeKTMBHOCTb.

Knroyesnble crioea: aksakynbmypa, MuUKpocamesiumesl, cmepnisdb, ronynsyuu cmepnsou, 0o-
CMo8epHOCMb MPOUCXOXOeHUsT cmeprisiou.

Lutuposanme. Hukmunenos B. W., XapsuHosa B. P., Bonkosa B. B., Hukunenosa A. K., bapaykos H. B.,
Mposecky HO. H., 3nHoBbeBa H. A. PaspaboTtka mMynbTunokycHon STR-naHenn u oueHka 4OCTOBEPHOCTU
NPOUCXOXOEHUS akBaKynbTypHOW cTepnagn (Acipenser ruthenus). U3zsecmusi HB AYK. 2024. 3(75).
273-283. DOI: 10.32786/2071-9485-2024-03-32.

ABTOpCKMﬁ BKInaa. Bce aBTOpPbl HacToALwero nccrnegosaHua nNnpuHMMann HenocpeacTtBeHHoe yyYacTue B niiaHMpoBa-
HUW, BbINONTHEHUMN U aHanu3e AaHHOro uccriegoBaHUA. Bce aBTOpbI HaCTOFILLleVI CTaTb O3HAKOMWUITUCb U 0/:106p|/|r||/|
npeacTaBneHHbIN OKOHYaTemNbHbIN BapuaHT.

KoHdnukT uHTepecoB. ABTOpbI 3asiBNAOT 06 OTCYTCTBMU KOH(IMKTA MHTEPECOB.

BeepeHue. Ctepnsagb (Acipenser ruthenus, Linnaeus, 1758) — pacnpocCTpaHeHHbIN
npeacTaBuTENb OCETPOBLIX BUAOB PbiD, XOPOLIO M3BECTHbIN OTHOCUMTENBHO HEOOMbLIMM pa3me-
poM Terna v LUMPOKMM apeariom Mo CpaBHEHWIO C ApYruMu npeacraButensmu poga. B ceasu ¢
COKpaLleHneM ecTecTBeHHbIx nonynauun, B 2019 rogy ctepnsiab 6bina BHeceHa B KpacHbin cnu-
cok ncyesarowmx sugos MCOI B cooTBeTcTBUM C KpuTepuammn A2cde [1, 2].

OCHOBHbBIMY NPUYUHAMU CMOXMBLLENCA CUTYaLUK SABNSIETCA 3arps3HeHne 1 paspyLleHune
€CTEeCTBEHHON cpefbl OOUTaHUSA, CTPOMTENBCTBO MMAOPOINEKTPOCTAHLNIA, OECKOHTPONbHBIN Bbi-
nos (6pakoHbepcTBOo) [3].

AKBaKynbTypa CnocobCcTByeT BOCCTAHOBMEHMIO AMKUX MOMyNsauMiA U yOoBMneTBOPEHUIO
pacTywien noTpebHOCTM 0bLlecTBa B BbICOKOKAYECTBEHHOW PbIOHOW npoaykuun. Tem He MeHee
pbl6OBOAHBIE MPEeanPUATUSA, 3aHUMatOLLMECH pa3BeAeHMEM OCETPOBbLIX ANs KOMMEPYECKUX Lie-
nen, cTanknealTCAa C cepbe3HbiMKU npobnemamu, Takmmmn Kak 4edUUnT Ka4yeCTBEHHbIX NPOU3BO-
auTenen n nonyvyeHne He Xu3HecnocobHoro notomcTea. OAHOM U3 NPUYMH CROXMBLLMXCSA NPO-
Onem sBnNsieTCA ckpeluMBaHne GNUM3KOPOACTBEHHbIX 0coben. B aTon cBA3wn gns peweHuns obo-
3HaYeHHbIX 3aday Heobxooumo npumeHeHne Haubonee 3PPEKTUBHBIX U AOCTYMHbLIX MOMEKY-
NSAPHO-TEHETUYECKNX METOLOB, OAHMM M3 KOTOPbIX ABMNSETCA aHanmM3 MukpocatennuTtos (Simple
Tandem Repeats, STR). bnarogapsi BbICOKOW cTeneHn nonumopduama, MeHAENEBCKOMY Tuny

275



*kkkk H3BECTHA +¥kxkk

HH>XHEBOAXXCKOI'O ATPOYHHBEPCHTETCKOI'O KOMIIAEKCA:
HAYKA H BBICIIEE NIPOPECCHOHAABHOE OBPA30BAHHE

N 3 (75), 2024

HacrnegoBaHMsA U paBHOMEPHOMY pacnpeferneHnio No BceMy reHoMmy, MUKpocaTennutHble map-
Kepbl Ha NPOTSXKEHUN MHOMMX NEeT CYMTATCH Hambonee LIMPOKO mcrnonb3yembim Tunom OHK-
MapKepoB AN KOHTPOMs AOCTOBEPHOCTU MPOUCXOXOEHUS CENbCKOXO3ANCTBEHHbIX XMBOTHBLIX
[4,5,6,7,8].

[na ncnonb3oBaHMA B OCETPOBOACTBE Obin pa3paboTaH kommepyeckuin Habop peareH-
TOB «F€H3IKCNEPT-OCETP», BKMoHakowmn B cebsa 7 STR-NokycoB, npeaHasHaYeHHbIA 18 reHeTu-
YecKoWn nacnopTusaunmn n onpegeneHnsa poacTea. Takke, N3BeCTHbI UCCrefoBaHnA no paspaboT-
Ke TeCT-CUCTeMbl Ha OCHOBe aHanm3a 5-Tn STR-1noKycoB, KOTOpasi NO3BONAET UCNONb30BaTb UX
ONa BUOOBOW MAeHTUMKaLMM OCETPOBbLIX (U MULLEBON NPOAYKUMM U3 HUX), a Takke nokasaHa
BO3MOXHOCTb onpeaeneHnsa ocoben rubpmaHoro nponcxoxgeHud. NoMmmmo 3Toro, ¢ MOMOLLLIO
pa3paboTaHHOM TeCT cucTembl Obina npoesefeHa pabota No reHeTUYECKOMY MOHUTOPUHIY MOJO-
0N ecTeCTBEHHOro BOCMPOM3BOACTBA (NIMYMHOK U CErorieTok) CTeprsgu, BbiMOBMEHHOW B cpen-
HEM W HWXHEM HEpPeCTOBLIX yYacTkax peku Bonrm 3a nepuog 2021-2022 rogos. OgHako B ycro-
BUSIX OCETPOBLIX XO35IMCTB, FO€ MaTOYHble cTaga (bopMMPOBaNMCb M3 OFPaHUYEHHOrO 4vucna
ocoben, oueHKa cTeneHn poacTBa Mexay MOTOMKaMu C MOMOLUBIO BbilLenepeyncrneHHbIX TecT-
cuctem MoxeT BbITb HegocTaToudHow. [9, 10, 11].

Mcxooa m3 BbILLEU3MNOXEHHOrO LEnbio Hawen paboTbl ABnsieTca paspaboTka naHemnm
MUKpOCaTENNUTHbIX MapKkepoB BKrovatoLwyto B cebs 12 STR-nokycoB n oueHka ee nHdopma-
TMBHOCTW AnNsi onpeaeneHns 4OCTOBEPHOCTM NPOUCXOXKAEHUS 3aBOACKMX CTag, CTepnaaun.

MaTtepuanbl n metoabl. Ha nepBoHavyanbLHOM dTarne Ha OCHOBE NMPOBEAEHHOrO aHanmaa
nuTepaTypHbIX OaHHbIX B paspabaTbiBaemMyto naHenb STR-NOKycoB aHanu3a LOCTOBEPHOCTU
NPOUCXOXOEHNA CTepnsaM Hamm Obino oTtobpaHo 12 nepcnekTmBHbIX nokycoB (AfuG 63, AfuG
112, Afu 68 b, LS-39, Spl-163, An20, AfuG 51, Aru13, AoxD161, AfuG 41, Aru18, LS-68), xapak-
TEPU3YyIOLLIMECH BbICOKOW CTeneHbid WH(OPMaTUMBHOCTU U NPUBOAUMbIE B HambornbLleM 4ucne
nybnukaumi. MNpu onpegeneHnn crnekTpa NOKYCOB YYMTbIBANM UX NONUMOPOHLIA XapakTep, a
Takke BO3MOXHOCTb NPOoBeAeHNss MyNbTUMMNEKCHOW peakumun (bnuskme TemnepaTtypbl NnaBneHns
npanmepos). Beibop ntoopecLeHTHON METKU MUKPOCATENSIMTHBIX FTOKYCOB MPOBOAMWIICA C y4e-
TOM OTCYTCTBMS nepecedeHnin ux guanasoHos apyr ¢ gpyrom [10, 12, 13, 14, 15].

Anpobaunio paspaboTaHHON TECT-CUCTEMbI, a Takke ee MHGAOPMAaTMBHOCTb BbIMOMHANN
Ha BblboOpke 3aBoackon ctepnagn (n = 149) Tpex nonynauuin: CyxoHcKasi, cpean KoTopon ume-
nnce aBe pogutensckme napbl ¢ 30 N3BeCTHbIMM NOTOMKaMu (SX, n = 65), okckaa (OK, n = 50) n
HwkHeBosmkekas (NV, n = 34).

BbioeneHne reHomHon HK n3 oTobpaHHON NaBHUKOBOW TKaHM OCYLLECTBAANM C MOMO-
Wbl kommepyeckoro Habopa AHK-3kctpan-2 (HMK «CwuHTon» Poccus), cormacHo npoTokony
dupmbl-narotosutens. KayvectseHHyto oueHky [OHK Bo Bcex obpasuax npoBogunv MeTodom
anekTpocopesa B arapo3HOM resfe, a ee KOHLEHTpaLM N3Mepann ¢ noMmoLlso ryopmumeTpa
Qubit 4.

OT1obpaHHble mapkepbl Obini chOpPMUPOBaHbI B TPU MYSbTUNNEKCHbIE NaHenn. 3To No3-
BOMWSO BbINOSIHNTE B OOHOW peakuMu OOHOBPEMEHHYH amnandurKaumio HECKOMNBKNUX MUKpOCa-
TEnnuToB.

Cocras lNuUP-cmecn 6bin cnegytowmm: 1 mkn (50-100 Hr) nccnegyemon reHomHown OHK m
9 MK peakLMoHHOM cMmecu, cocToswen m3 1,0 mkn 10x MNLUP-6ydepa (166 MM (NH4) SOy, 670
MM Tris-HCL, 15 mM MgCl,, 0,1% Tween 20, pH = 8.8)), 1,0 mkn 2 mM pacteopa dNTPs, 0,5 mkn
100 mM MgCI2, 0,1 mkn (1 ea.) Tag-nonumepasbl (OO0 «[Ouanat Jlta.», Poccus). KoHueHTpa-
Luus npanMepoB peakunoHHOW cMmecn ansa mynbTtunnekcHon MNMUP nogbupanack B 3aBUCMMOCTU
OT YPOBHS (pntoopecLeHLMM aMMIIMKOHOB (BbICOTbI MMKOB Ha rpadurke pparMeHTHOro aHanmsa).

Ontumunsaumsa TMUP npoTokona npoussegeHa C MCMOMb30BaHNEM (YHKUUM FPagUEHT.
TemnepaTypHO-BpeMeHHble pexumbl MNMUP Bknoyanu B ceba cneayowme atanbl: 10 MUH npu
95C° (nepBuuHas geHatypauusi); 30 ¢ npu 95C° (neHaTypauusi), 40 ¢ npy 60C° (oTxur npaiime-
poB Ha [OHK-maTpuue), 30 ¢ npu 72C° (anoHraumto uenen) (35 umknos); 10 MUH nNpu 72C° (com-
HanbHas anoHraums). MNonyyerHbi MNLUP — npogyKT oueHuBanu ¢ NOMOLLbLIO 16-KaHanbHOro Ka-
nunnsipHoro reHeTtudeckoro aHanusatopa ABI3130xlI (Applied Biosystems, CLUA). WcxoaHble
JaHHble 0 ONIMHE annenen nonyyeHsl B nporpaMmHoM obecneyveHnn Gene Mapper v. 4 (Applied
Biosystems, CLLA).
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[na oueHkn noTpebutenbCkMx CBOWCTB, pa3paboTaHHOW TeCT-CUCTEMBbI, UCMOSb30Banm
crneayoLme Kputepum:

1) BO3MOXHOCTb NpUMeEHeHns pa3paboTaHHOW TECT-CUCTEMbI A4S FTeHETUYECKON nacnop-
TM3auum ctepnsaun. Nposogunca pacyeT BEpPOATHOCTM COBMAAEHUSA FE€HOTUMOB WHAMBUOYYMOB
(P;) no metoaunke Peakall R. c coaBTopamu [16].

2) [Ina BO3MOXHOCTU onpeaeneHns NPoONCXoXaeHnsa ¢ Mcnosnb3oBaHnem paspaboTaHHON
TECT-CUCTEMbI OLIEHMBANM TOYHOCTb NOATBEPXKAEHUS NPOUCXOXOEHUS MO TPEM YaCTHbIM Cryya-
SIM: UCKITOMEHNEe O4HOro POAUTENS, €CNM N3BECTHbI reHOoTUMNbl 06omnx poauntenen n notomka (Py);
WCKIIOYEHNE pOaUTENS, €CNN M3BECTHbI FEHOTUMbI O4HOMO poaMTEnsa U notoMka (P,); uckniode-
Hue obounx poanTenemn, eCnu N3BECTHbI FEHOTUNbI poanTenen n notomka (Ps) [17, 18].

[nsa oueHkn 3hPEKTUBHOCTU UCNONb3YEMBIX NTIOKYCOB B K&XXKAOM MONyNAUMM Onpeaensanm
cpegHee (N,) n acbdekTnBHoe uncrno (Ng) annenen Ha Nokyc, MHPOPMaLMOHHbIN nHAaekc LLeH-
HoHa (/), Habnogaemyto (Hp) n oxngaemyto (Hg) reTeposmroTHoOCTb U KO3GMULNEHT MHOpUAMHra
(Fis) [19, 20].

CtaTtuctudeckyto obpaboTKy AaHHbIX NPOBOAMNM C Mchnonb3oBaHnem naketa MS Excel
2007 c nnarnHom GenAlEx v. 6.5.1 [21].

PesynbTatbl n o6cyxaeHue. Bbibop MUKpOCAaTENNUTHBIX MAPKEPOB AN BKMYEHMS B
MYMbTUMIIEKCHYIO NaHemNb OCYLLECTBSNM C Y4eTOM UX nonMMopduama 1 BO3MOXHOCTM amniu-
uKaumMm B OOHOM peakLmun 3a CHET OnM3kMx TemnepaTyp nnaereHus npanmepoB. Takke Obina
yuTeHa BO3MOXHOCTb nNpoBeAeHnst aHanuaa Ha [JHK-aHanunsatope ¢ ncnonb3oBaHuem cneundun-
Yyeckmx ryopecLeHTHbIX METOK, NPeaoTBpaLLas NepekpbiTUe CNEeKTPOB AN KaXaoro U3 Kpacu-
Tenewn (tTabnuua 1).

Tabnuua 1 — Xapakrtepuctvka BblOpaHHbIX MUKPOCATENIMTHBIX MapKepoB
Table 1 — Characteristics of the selected microsatellite markers

Temnepatyp-
TemnepaTtyp- dnyopecueHT- N
OnanasoH anvH . HbI PEXUM MO
HbIn pexxum no | [lnanasoH AnvH |  Has mMeTka no
no nuTepaTypHbIM COBCTBEHHbIM
HaumeHoBa- nuTepaTypHbIM |0 COBCTBEHHBLIM | COBCTBEHHbLIM
AaHHbiM / Range JaHHbIM /
Hue nokyca / AaHHblM / Tem- | gaHHbIM / Length OaHHbIM /
of lengths accord- : Temperature
Locus name . . perature regime | range based on |Fluorescent label X
ing to the litera- . . regime
according to native data based on own .
ture data ; according to
literature data data
own data
AfuG 63 127-147 [14] 52 [14] 132-142 6-FAM 60
AfuG 112 240-268 [14] 52 [14] 194-288 6-FAM 60
Afu 68 b 153-197 [14] 52 [14] 130-226 R6G 60
LS-39 117-132 [22] 57 [22] 121-135 6-FAM 60
Spl-163 172-220 [22] 57 [22] 171-221 6-FAM 60
152-178 [22] .
An20 129-193 [10] 57 [10; 22] 151-207 R6G 60
223-247 [22] .
AfuG 51 204-312 [10] 57 [10; 22] 226-262 R6G 60
Aru13 87-135[22] 60 [15] 91-137 6-FAM 60
106-130 [22] .
AoxD161 86-154 [10] 60 [10; 15] 101-137 6-FAM 60
193-261 [15] .
AfuG 41 173-225 [10] 60 [10; 15] 201-265 6-FAM 60
Aru18 135-145[15] 60 [15] 138-154 R6G 60
LS-68 174-238 [15] 60 [15] 163-247 R6G 60

[daHHble Tabnuubl 1 nokasanu, YTO B XOAE BbIMOMIHEHUS COBCTBEHHLIX MCCNeaoBaHum,
ONs BCero BbIOpPaHHOro CnekTpa MWKPOCATENNUTHBIX JIOKYCOB, Obina nogobpaHa oavHakoBas
TemnepaTtypa OTXura npanmMepoB, YTO MO3BOMSET ONTMMU3NPOBATbL paboymin npouecc, sBnsto-
LLIMACA KNHOYEBBbIM (DaKTOPOM 115 NOBLILLEHNS NPOU3BOANTENBHOCTU U 3(PEKTUBHOCTM paboThl.

B pesynbTate Hawero uccnegosaHusa Obina paspabotaHa STR—naHenb, nossonstoLias
aHanuauposaTb 12 nokycoB (pPUCYHOK 1)
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PucyHok 1 — BusyanbHblin doparMeHT MynbTUNNEKCUPOBaHNS NTOKYCOB AN ocobel akBaKynbTypHOW
crepnagun: A — nanenb Ne 1 (nokycel Aru13, Spl-163, An20, LS-68), b — naHenb Ne 2 (nokycel AoxD161,
AfuG 41, Afu 68 b, AfuG 51), B — naHenb Ne 3 (nokycel LS-39, AfuG 63, AfuG 112, Aru18)
Figure 1 — Visual fragment of multiplexing loci for individuals of aquaculture sterlet: A — panel No. 1
(loci Aru13, Spl-163, An20, LS-68), B — panel No. 2 (loci AoxD161, AfuG 41, Afu 68 b, AfuG 51),

C — panel No. 3 (loci LS-39, AfuG 63, AfuG 112, Aru18)
lMpumeyaHue: pparmeHTbl, MEYEHHbIE cneumdnieckummn dnyopecueHTHbIMK Kpacutensmm 6-FAM, R6G
nokasaHbl Ha pucyHke (A, b, B), B nepBomM 1 BTOPOM psgax.
Note: fragments labeled with specific fluorescent dyes 6-FAM, R6G are shown in the figure (A, B, C), in the

first and second rows.

M3 12 MuKpocaTENNMUTHLIX JIOKYCOB Obinn cchopMupoBaHbl TPU MYIbTUMNMIEKCHbIE MaHenu
(manenb 1: Aru13, Spl-163, An20, LS-68; naHenb 2: AoxD161, AfuG 41, Afu 68 b, AfuG 51; naHenb
3: LS-39, AfuG 63, AfuG 112, Aru18), nossonstoLume aHannsnposaTtb 12 NoKycoB (PUCYHOK 1).

B Tabnuue 2 npegcrtaBneHbl pe3ynbTaTbl aHanM3a OCHOBHBIX FEHETUYECKUX NapaMeTpoB
N AaHa XxapaKTepucTuKa Nno Kaxaomy JFTOKyCy.

B pesynbTaTe aHanusa 12 mukpocaTennmMtoB B 3 rpynnax 3aBockon ctepnsgu Obino
BbisiBrieHo 135 annenen, 4to npesocxoguno vucno annenen (40 annenen), oeTEKTUPOBAHHbIX
npyv MONEKYNSIPHO-TEHETUYECKOM aHanu3e CTepnsauM C UCMONb3oBaHMEM OECATU MUKpocaTen-
NUTHBIX MapkepoB. B Lenom no vccnegyemon BblOOpKe HaMMeHee NONMMMOPEHBIMU OKa3anuch
nokycel AfuG_63, LS_39 n Aru18, B KOTOpbIX ObINO BbIABNEHO OT 2 A0 4 annenen. AHanornyHas
TeHOeHuns Habnganacbk NpyM UCCNefoBaHUAX CTepnaaun, pasBoavMMon Ha Tepputopun epma-
HuM (4 annensa gna nokyca Aru18 n LS_39). Hanbonbwumi nonumopcmam no pesynstatam uc-
cneposaHni Kohlmann v coastopoB (2017) nokasan nokyc LS 68 (15 annenewn), ogHako B
Hawen paboTe 6bino naeHTudmumpoBaHo 21 annens [22, 23].
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Tabnuua 2 — Xapakrepuctmka MHPOPMaTUBHOCTU MUKPOCATENUTHBIX JTIOKYCOB
ANs Bcew nccnegyemon BbI6opku
Table 2 — Characteristics of the information content of microsatellite loci for the entire study sample

Locus NA NE | Ho HE F/S
Aru13 12 4,618 1,783 0,893 0,783 -0,139
Spl_163 12 7,240 2,139 0,852 0,862 0,011
An20 12 2,690 1,417 0,541 0,628 0,140
LS_68 21 7,942 2,387 0,554 0,874 0,366
AoxD161 9 3,479 1,618 0,631 0,713 0,115
AfuG_41 16 8,264 2,308 0,913 0,879 —0,038
Afu68b 18 7,852 2,366 0,676 0,873 0,226
AfuG_51 8 1,364 0,636 0,215 0,267 0,195
LS 39 4 2,152 0,903 0,456 0,535 0,149
AfuG_63 2 1,042 0,100 0,041 0,040 —0,021
AfuG_112 17 8,854 2,377 0,884 0,887 0,003
Aru18 4 1,477 0,590 0,322 0,323 0,002

lpumeyaHue: N, — cpegHee 4ducno annenen Ha nokyc. Ng — 4ncno apdeEKTMBHBIX anfenen Ha JoKyc;
| — nHdopmaumnoHHbIn nHaekc LeHHoHa. Hy — Habnogaemas reTepo3uroTHOCTb. He — oxungaemas retepo-
3UrOTHOCTb. F;s kO3dhpUMEHT nHBpManHra.

Note: NA is the average number of alleles per locus. NE is the number of effective alleles per locus; | is the
Shannon Information Index. HO is the observed heterozygosity. HE is expected heterozygosity. FIS in-
breeding ratio.

3Ha4veHunsa nHdopmaumoHHoro nHaekca LeHHoHa (I) nokasanu, 4To cpeaHve napameTpsl
reHeTu4eckoro pasHoobpasus y cemu nokycoB (Aru13, Spl_163, LS 68, AoxD161, AfuG 41,
Afu68b, AfuG_112) coctasnanu ot 1,618 go 2,387. OcTtanbHble Nokycbl 06naganyM oTHOCUTESb-
HO HM3KMUM pasHoobpasvem, Npu 3TOM HaMMEHbLUMI pe3ynbTaT Obin 3adMKCMpOBaH B JOKYCe
AfuG_63 (0,100). Hambonbwnm ypoBHEM Habnogaemon reteposmrotHoctn (Hp) xapaktepuso-
Banuce nokycbl Aru13 (0,893), Spl_163 (0,852), AfuG_41 (0,913) n AfuG_112 (0,884), a
HanbomMbLUMM YPOBHEM OXMAaemon retepo3mrotHoctn (Hg) — nokycel Spl_163 (0,862), LS_68
(0,874), AfuG_41 (0,879), Afu68b (0,873) n AfuG_112 (0,887), B TO BpeMda Kak HauMeHbLLUMUM
YPOBHEM HaOMO4AEMON U OXMOAEMOW reTepo3nroTHoCTU otnuyancsa nokyc AfuG_63 (0,041 wn
0,040 cootBeTcTBEHHO). Mcxoas u3 koadpdmumeHta nHbpuguHra (F;s), TONbKO B TpeX JflioKycax
(Aru13, AfuG_41, AfuG_63) Habniogaemasa retepo3nroTHOCTb npeBbiWwana oxugaemyi. B
ocCTarnbHbIX NTOKycax Habnoganocb CMeLLEeHNne paBHOBECUSA B CTOPOHY HedocTaTka reTeposunror,
OAHAaKO HaumBbICLUIMM KO3hdurumeHTOoM nHBpuanHra obnagan nokyc LS 68 (0,366). BoigBneHHbie
0COBEHHOCTUN YKa3blBalOT Ha BO3MOXHOCTb Oonee adhdekTMBHOIO MCMNONb30BaHUSA OTAENbHbIX
FIOKYCOB 41191 pa3fnyHbIX Lienen reHeTUYECKUX CCneaoBaHNN.

[na oueHkn nHgopmaTUBHOCTU pa3paboTaHHOW TeCT-CUCTEMBbI, OblfiM OUEHEHbI Takue
napameTpbl, Kak BEPOSITHOCTb COBNaaeHms reHoTunoB (P)) 1 3HayeHns BEPOATHOCTM UCKITHOYEHUS
poautenen (P4, P2, P3). B Tabnuue 3 npeacraeneHbl pesynbTaTbl, NOMyYEHHbIE NPU aHanuae
Tpex rpynn akBakynbTypHOW CTEPNSAau.

Tabnuua 3 — OueHka AOCTOBEPHOCTM NMPOUCXOXKOEHUS
Table 3 — Assessment of the reliability of origin

MapameTp / Parameter NV OK SX
P, 423107 3,69*10° " 8,12*10°°
P, 99,93 99,99 99,88
P, 98,62 99,87 97,80
P, 99,99 99,99 99,99

lMpumeyaHue: P;— BepOATHOCTb COBMNaAeHNsi FreHOTUMOB. P; — UCKIOYEeHNe OAHOr0 POAUTENS, eCNN U3BECTHbI
reHoTUnbl 06oMX poanTenen 1 NoToMka. P,— UCKIOYEHNE PoaMTENS, eCrN U3BECTHbI FreHOTUMbI OQHOMO POAU-
Tensi U NoToMmka; Ps;— UCKINoYeHne 0bomx poauTernen, ecnv U3BECTHbI FreHOTUNbI poauTenen 1 notomka. Pac-
LwndbpoBky abbpeBmnaTyp AN cTag 3aBOACKOW CTepnsiav cM. B pasaene «MaTepuanbl U MeTOAbI».

Note: Pl is the probability of a genotype match. P1 is the exclusion of one parent if the genotypes of both
parents and offspring are known. P2 is the exclusion of the parent if the genotypes of one parent and de-
scendant are known; P3 is the exclusion of both parents if the genotypes of the parents and descendant are
known. For an explanation of the abbreviations for stud sterlet, see the section "Materials and Methods"
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Tak, BepoATHOCTb coBnageHus reHotunos (P)) ana paspabotaHHon STR-naHenu kone-
Ganack ot 3,710 y OK no ot 8,1*107'° y SX, T.e. 6bina NpaKTUYECKN UCKMOYEeHa. 3HaueHus
BepodaTHoCTU uckntodeHus (P4, P2, P3), paccunMTaHHble no pesynbTtatam pas3paboTaHHOM TecT-
cuctemsbl, 6binM MUHMManbHbiMM Yy SX 1 MakcumanbHbeiMn y OK n konebanunce ot 99,88 po
99,99% pgna P4. MapameTp P, coctaBnan 98,62% y NV un 99,87% ana OK nonynauuu. Ona P
coctaBuno 99,99% ansa Bcex uccnegyemblx rpynn. 3T AaHHble NOATBEPXKOAlOT BbICOKYI WH-
dopmaTtmeHocTb aHanmsa [HK 149 ocoben ons yCcTaHOBMEHMA JOCTOBEPHOCTU MPOUCXOXAEHMS
3aBOACKOM CTEPNAAN U (DYHKLMOHANbHbIE BO3MOXHOCTU pa3paboTaHHon STR-naHenu.

[nsa OUEeHKN reHeTU4YecKoro pasHoobpasns nNonynsunMn cTepnagm 4Yacto UCMOoMb3yT Mo-
KasaTtenu annenbHoro pasHoobpasusi, a Takke CTeneHn reTepo3nroTHOCTU, KOTOPbIE pPacCynUTbI-
BaOTCS MO KaXKOOMY FOKYCY, U B CpeOHEM Mo BCEM UCNONb3yeMbliM NokycaMm. PedynbTaThl aHa-
nN3a OCHOBHbIX MoKa3aTenen reHeTUYeCKON N3MEHUYMBOCTU KaXKOOW MccneagyemMon rpynnbl npea-
cTaBreHbl B Tabnuue 4 [24].

Tabnuua 4 — NapameTpbl reHeTU4YeCcKoro pasHoobpasmsa nccnegyemomn BbIGOpkM CTepnagn Ha OCHOBeE
aHanusa 12-Tm MMKpocaTensMTHbIX JIOKYCOB
Table 4 — Parameters of the genetic diversity of the sterlet sample under study based on the analysis of
12 microsatellite loci

POP Ny Ne ! Ho & &
NV 61’?5;”; 3,507 + 0,624 | 1,251£0,217 | 0,563 + 0,098 | 0,573 + 0,090 06?353*
OK 91"?25’21 5,243 + 1,015 | 1,593 £ 0,250 | 0,608 £ 0,085 | 0,651 + 0,087 06?5’39;
Sx 71’?355 3,229+ 0,503 | 1,247 £ 0,178 | 0,570 £ 0,084 | 0,587 + 0,074 06?55941

lNpumeyaHue: N, — cpegHee uncno annenen Ha nokyc. Ne — uicno acpdeKkTMBHbBIX annenen Ha Nokyc; | —
MHpopMaLMoHHbIA uHAekc LeHHoHa. Hp — Habnogaemas reTepo3nroTHoCTb. He — oxungaemas reteposu-
rotHocTb. Pacwmdposky abbpesmaTyp Ana cTaj 3aBOACKOW CTepnsau cM. B pasgene «MaTepuwansl n me-
TOAObI».

Note: NA is the average number of alleles per locus. NE is the number of effective alleles per locus; | is the
Shannon Information Index. HO is the observed heterozygosity. HE is expected heterozygosity. For the
explanation of abbreviations for the herds of factory sterlet, see the section "Materials and methods".

CpegHee 4ncno annenewn Ha Nokyc Ansi Bceln BbIGopkM cocTtaBuno 7,917, 4To npesbilaeT
cpenHue 3Ha4YeHust AaHHOro nokasarens, obHapyXeHHbIe B NONYNAUMSX 3aBOACKOM CTepnaam Ha
pbibHON cbepme «PéHdopenne» B Nepcenbae, (FepmaHus), ¢ ncnono3oBaHnem 15 mukpoca-
TEeNnuToB N pbiboBogHOM xo3saicTee B CuaHe (Kutan) Ha ocHoBaHum aHanusa 10 nokycos: 7,2 u
4,0 cooTBETCTBEHHO [22, 23].

Mugekc LLeHHoHa (/) nokasan, 4To OKckasa nonynauus ctepnagn obnagaetr ymMepeHHbIM
reHeTndeckmum pasHoobpasunem (1,593 + 0,250). OctanbHble rpynnbl CTEPNAAN UMENN HU3KUE
3HaveHusa (NV = 1,251 £ 0,217, SX = 1,247 + 0,178), HO Npu CpaBHUTENBLHOM aHanu3e ux reHe-
Tnyeckoe pasHoobpasne okasanocb cxoxe Apyr ¢ gpyrom. Hambonbluvm ypoBHeM Habnwogae-
Mon (Hp) n oxmgaemon (Hg) reTepo3MroTHOCTM XapakTepu3oBanacb OKCKasi rpynna crepnsagu
(OK) (0,608 n 0,651, cooTBETCTBEHHO), @ HaUMEHbLUMM — HUXHeBorKckas ctepnsagb (0,563 m
0,573, cOOTBETCTBEHHO).

PesynbTaTbl uccnegoBanna koagdunumneHTa nHbpuamHra (F;s) cBMAETENBCTBYIOT O TOM,
YTO BCE MOMynsuMM CTEPNAaM NPOSBASIOT HEAOCTATOK reTepo3nroT. B aaHHOM BbIGOpke OKckas
nonynaumsa ctepnagn nposisnna MakcMmarsbHylo cteneHb MHbpuamdra (0,050 + 0,035), B To Bpe-
Msl KaK Yy CYXOHCKOW monynsumm 3HadeHue nokasatensa coctasuno 0,029 + 0,054, a y HMxKHe-
Bospkckomn nonynsumm — 0,019 + 0,063.

3aknioyeHue. B pesynbraTe npoBedeHHbIX UCCMeA0BaHW Obina co3gaHa MynbTUMNEKCHas
TecT-cucTeMa, KoTopasi MO3BONSIET NPOBOANTL aHanu3 AeeHaauaTn STR—NokycoB, NPOAEMOHCTPUPO-
BaHa ee BbicoKash pyHKLMOHanbHas adeKTUBHOCTL. yTem yyeTa MHOXECTBA KpUTEPUEB, BKIOYas
BEPOSITHOCTb COBMaZieHWsl FEHOTUMOB U BEPOSITHOCTb UCKIIOYEHNS B KaYecTBe poauTens (poautenen),
MOXHO 3aKMH4NUTb, YTO CO3[aHHasi MyrnbTUIOKycHasi TecT-cuctema STR-MapkepoB SIBNAETCA HaAex-
HbIM MHCTPYMEHTOM AN NPOBEPKN AOCTOBEPHOCTU MPOUCXOXAEHNS akBaKynbTypHon ctepnsaan. Kpo-
Me 3TOro, npeacrtaBfieHHaa TeCT-CUCTeMa MOXeT ObITb npuMmeHnmMma Aana oueHkKn nonynaunoHHO-
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reHeTMYEeCKNX napameTpoB BbIOOPOK cTepnsian. Tak reHeTU4eCcKUin aHanma nokasar, 4To koadduum-
eHT nH6puauHra (F;s) Bo Bcex nonynauusx ctepnagmn 6einm 6onblue Hyns. Hanbonee BeposTHas npu-
ynHa Habniogaemoro adpdekta — NpUMeHeHne B pbiBOBOAHbBIX XO3SMCTBaX CUCTEMbI CrnapyBaHus,
HanpaBfeHHOW Ha OOCTWXXEHWEe MOCTAaBIEHHbIX Lienen, K NpUMepy CHWKeHWe nHopuauHra nnm npo-
LeCCOB 3aKpenneHns XO3MCTBEHHO-MOME3HbIX NPU3HAKOB BO BPEMS NPOBEAEHUS CENEeKLUMOHHON pa-
DOTbl, XOTS HE UCKIMIOYEHO TakkKe AeWCTBUEe APYrnx PakTopoB (KOHEYHble pasmepbl Nonynauuu, He-
crnyyanHoe ckpeluBaHue ocoben, BnusiHve otbopa v ap.).

B nepcnekTrBe Ha ocHoBe pa3paboTaHHOW TecT-cucTembl ByayT NPOAOIKEHbI UCCrefoBaHUSA
yBenMYeHHoOW BbIOOPKM NpeacTaBuTenen poga Acipenser ruthenus ¢ LENbO OLEHKN NPOUCXOXAEHWS,
XapaKTEPUCTUKN TEHETUYECKON CTPYKTYPbl U YCTAHOBIEHWUS] TEHETUYECKUX B3aMMOOTHOLLUEHUA pas-
NMYHBIX NOMYNALMIA CTEPNAAKN, pasBoanmMbix B Poccun.

Conclusions. As a result of the research, a multiplex test system was created that allows
analysis of twelve STR loci, and its high functional efficiency was demonstrated. By taking into ac-
count many criteria, including the probability of matching genotypes and the probability of exclusion as
a parent (parents), we can conclude that the created multilocus test system of STR markers is a relia-
ble tool for checking the authenticity of the origin of aquaculture sterlet. In addition, the presented test
system can be applied to assess the population genetic parameters of sterlet samples. Thus, genetic
analysis showed that the coefficient of inbreeding (FIS) in all sterlet populations was greater than zero.
The most likely reason for the observed effect is the use of a mating system in fish farms aimed at
achieving set goals, for example, reducing inbreeding or the processes of fixing economically useful
traits during breeding work, although the influence of other factors (final population sizes, non-random
crossing of individuals, influence of selection, etc.)

In the future, based on the developed test system, studies will be continued on an increased sam-
ple of representatives of the genus Acipenser ruthenus in order to assess the origin, characterize the ge-
netic structure and establish the genetic relationships of various populations of sterlet bred in Russia.
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The materials of the Ayrshire Breed Breeding Center (VNIIGRZH) were used in the research

Summary
The article presents the results of research on the formation of breeding groups of Ayrshire cows using the
index selection method to find the most effective combinations of desired genotypes of fathers and mothers
of cows with different levels of selection pressure. Selection boundaries and the most effective combina-
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