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Jocaidnceno ocobausocmi eeHemu4Hoi cmpyKmypu Hony-
Ayl eeaukoi poeamoi xyo0obu eoaumuHcokoi nopoou, sKa
po3eodumbcsi 6 Ykpaini, 3a aokycamu bema-xaszeiny ma
(akmopy HeKpo3y nyxXauHu anbgha. 3a 6UKOPUCMAHHS Me-
modie aneav-cneyupiunoi ILJIP (AS-PCR) ma IIJIP 3 pec-
mpuxyitinum ananizom (PCR-RFLP) npoananizoéano noni-
mopghiam eeny bema-kazeiny (CSN2) 3a arenvrHumu ea-
piaumamu A’ ma A?> ma ¢akmopy Hexkpo3y nyXauHu
anvgpa (TNF-0) 3a Sacl-noaimopgizmom y npomomopHii
Oinanyi eeny (mapkeprna mymauis —824 A>G) ma Rsal-
noaimopgiamom 'y uemeepmomy ex3owi. JloeedeHo, ujo
obudsa nokycu € noaimop@uumu y 00CriOHit nonyasyii
KOpi6. 3a KOJCHUM 3 NOAIMOPQHUX NOKYCi6 6CMAHOBACHI
OCHOBHI 2eHemUuK0-NnonYAAyitHi napamempu nonyaayii Ko-
pie eonumuHcokoi nopoou. 3a nokycom CSNZ2 ecmanos-
AeHO cymmeee npeeantoéants uacmomu anreato A’ nad A’
(0,78 npomu 0,22). 3a Sacl- ma Rsal noaimopgizmom
TNF-o eusenreno makcumanwui (1,980 ma 1,988) snauen-
Hs pieHs noaimopghHocmi aokycy (Kinbkicmb eghekmueHux
anenie). 3a oboma mymauisamu ¢ eeni TNF-a écmanosie-
HUU (aKkmuyHull napumem 3a 3HAYEHHAM 4ACMOM 8i0-
nosionux anenie (0,55 ma 0,45 oas Sacl-noaimopgizmy;
0,54 ma 0,46 oaa Rsal-noaimopghizmy). 3a Rsal-noani-
mopghizmom y uemeepmomy ex3zoni TNF-o y docaioniii no-
nyaayii meapun 3agiKkcoeano 8i0XuieHHs 8i0 cmamy eeHe-
muunoi pienoeaeu 3a Xapdi- Baiinbepeom, susenenuil cym-
meesutl excuec eemeposucomuux ocooun (25 %). 3a
pe3yabmamam aHaAizy napamempie MoAo4HoOI NpooyK-
MUeHOCMi 0COOUH i3 PIBHUMU 2eHOMUNAMU 3a A0KYCOM
CSN2 3’acosano, wo ocobunu 3 eenomunom A*A? xapax-
mepu3yiomscs OinbWUMU 3HAYeHHAMU CIMAHOAPMHO20 HA-
0010 y nopienanni 3 ocoounamu 3 eenomunom A'A’ (p =
= 0,042). 3a Sacl- ma Rsal-noaimopgizmom eeny TNF-o
8ipo2iOHUX 6IOMIHHOCMEN 3a NAPAMEMPOM CIMAHOAPMH020
Hadow 3a 06 aakmauii mide ocoOuHamu 3 pi3HUMU 2eHO-
munamu He GUs6AEHO.

Karouoei caosa: norimopghizm, een, mapkep, ceiekuis, ee-
AuKa poeama xydoba, bema-kasein, pecmpukyis.

Beryn. Po3BUTOK cyyacHUX MOJIEKYJISIPHO-TEHe-
TUYHUX TIIXOMIB 0 MPOBEACHHS CEJEKLilHOI po-
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00T 3 TBapuHamu (F€HOMHA CeJIeKllisl, MapKep-
acolriifioBaHa ceJIeKIlisI, Te€H-acoIlilfoBaHa ceJieK-
L) MOpU3BOAUTHL 10 HEOOXiTHOCTI BU3HAUYEHHS
crielM@iuyHUX XapaKTepUCTUK TeHOGMOHIHUX Ta
KOMEPLIMHMX MOPiJ CiTbChbKOTOCIIOIaPCHKMX TBa-
puH (Mrode et al, 2019; Zalewska et al, 2021).
3HauHUII Tporpec, SKU IAEMOHCTPYE CydyacHa
MapKep-acollifoBaHa CEJNEKIlisl Y TBApUHHMIITBI,
CIIOHYKA€E 10 HEOOXiMHOCTI MOIIYKY HOBUX 00’ €K-
TiB IUIs1 JOCHIIXXKEHb — Y MEpIILy Yepry lie CTOCY€E-
ThCSl aJIeIbHUX BapiaHTIB Pi3HUX (PYHKLIOHATb-
HUX TeHiB, MPOJAYKTU SIKUX TMOB’SI3aHi 3 TOCIO-
JapChbKO-KOPUCHMMU oO3HakamMu TBapuH (Wak-
chaure et al, 2015). 306inblIeHHS KiJIbKOCTI H0-
CIIIIZKEHb, ¥ SIKUX BUCBITJIICHO OCOOJIMBOCTI TeHE-
TUYHOI CTPYKTYpU TMOMYJISLii BEJIUKOI poraToi
XyooOu y BCbOMY CBiTi 3 ypaxyBaHHSIM HasIBHOI
BapiaTUBHOCTI JIOKAJbHUX/HATUBHUX TOPin pi3-
HUX PETioHiB, cripusie (POpMYJIIOBaHHIO HOBUX 3aB-
JIaHb, BUKOHAHHS SIKUX JAaCThb MOXJIMBICTH CYTTE-
BO 3MIiHUTU CTajie YSIBJICHHS MPO 3arajbHi aKleH-
T Ta TPEHAM CY4YacCHOI CeleKLil Yy MOJOYHOMY
CKOTapcTBi. B LIbOMY KOHTEKCTi, JO ODHOTO 3
HaMOLIbLI NEePCHEKTUBHUX HAIPSIMIB y MpaKTUY-
Hilii TEHEeTUIi BEJIMKOI poraroi XymoOu, BiIHOCH-
ThCS 3aBIaHHS OTPUMAHHS MOJIOKA, 1[0 MICTUTh
y CBOEMY CKJali BUKJIIOUYHO A2 (popMy OeTa-Kaze-
iHy (A2 momoko) (Cieslinska et al, 2019; Sebas-
tiani et al, 2022; Jiménez-Montenegro et al, 2022).

AK BiloMO, y BEJIMKOI poraroi Xyao0u MoJieKy-
Jla OeTa-Ka3eiHy IpeiacTaBieHa JBOMa HalOLIbII
nomupeHumu dopmamu — Al Ta A2 (Kaskous
2020; Antonopoulos et al, 2021). 3rigHo maHMX
Sebastiani 3i criBaBTOpamMu, iCHYIOTh I iHIII allb-
TepHaTUBHI BapiaHTHW OeTa-kaszeiHy (12 pizHMX
BapiaHTiB), OJHAK, Y KOHTEKCTi MUTaHb OpraHiu-
HOI MPOAYKLil Ta MOTEHLIHHOTO BIUIMBY Ha 3[0-
poB’a moauHu, caMme BapiaHTu Al Ta A2 Ma-
I0Th TepliouyeproBe 3HaueHHs (Sebastiani et al,
2020). Bapiantu Al ta A2 Binpi3HSIOTbCS HasB-
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HICTIO BiAITOBiIHOI aMiHOKMCJIOTU y MO3ULii 67
MoJieKysn Oera-kaseiHy (Sebastiani et al, 2020).
VY Bumaznky 3 Geta-kaseiHoM Al y TOJOXeHHi 67
3HaxonuThes TictuauH (His), y A2 — npodin (Pro)
(Thiruvengadam et al, 2020). Pi3Hi amMiHOKMCIOTHi
zanuiiku (His Ta Pro) B monexkyni GeTta-kazeiHy
BiIIIOBiTAIOTh KOHKPETHUM ajiejIsIM TeHy Oerta-
kaseiny (CSN2) 3a MeBHOW BapiaTUBHOK MO3U-
Hiero B noaiMoppHomy caitti JIHK — HasBHICTIO
LUTO3UHY (ajnenb A?), abo anmeHiHy (anmenb Al) (Dai
et al, 2016; Kay et al, 2021).

IIpu notparuisiHHi Al dopmu GeTa-KaseiHy B
LIUIYHKOBO-KMIIKOBUI TpaKT BimOyBa€TbCs YTBO-
peHHs1 B-kazoMopdiHy 7, 1110 MPU3BOAUTH 10 HU3-
KM HEeTaTMBHMX HACJIAKIB IJIsI OpraHi3My JIOIUHU
(Sahin et al, 2018; Gaudry et al, 2021). HasBHicTb
[POJIiHy a00 riCTUAMHY B IOJOXEHHI 67 MOJIEKY-
Jin OeTa-Ka3eiHy W BuU3Hauvae (iziosoriyHuii edexr
Bill BXKMBAHHS KOPOB’STYOTO MOJIOKA — Y BHIIAAKY
3 A2 (popMOIO0 MOJIEKY/IU, YTBOPEHHS B-Ka30MOp-
¢iny 7 He BimoOyBaeTbcst (Cieslinska et al, 2022).
ITutaHHsI, CTOCOBHO BM3HAUEHHSI CTYIEHSI Hera-
TUBHOTO BILUIMBY Al ¢hopMu Gera-KaszeiHy Ha Op-
raHi3M JIIOJWHU Ta OLIIHKM PU3UKIB PO3BUTKY HU3-
KM 3axXBOpIOBaHb (AiabeT 1-ro Ttuily, iliemMiyHa
XBOopoba ceplisl, aTepocKIepo3, ayTU3M Ta iHLII)
JIOCi 3aJIMILIAETHCSI BIAKPUTUM Ta AUCKYCIHHUM,
IO TUIBKU MiAKPECIIOE aKTyaIbHICTh TOCTIIKEHb
(Thirupathy et al, 2019; Kumar et al, 2021).

Y mnpakTWyHIi reHeTULi BEJIMKOl poraroi xy-
00U 32 OCTaHHiI POKU aKTMBHO MPOBOAMUTHLCS PO-
0oTa 3i CTBOpEHHSI CTal KOpPiB-IIPOAYLEHTIB A2
mosioka (Mencarini et al, 2013; Fernandez-Rico
et al, 2022; Sebastiani et al, 2022). [exinbka po-
KiB TOMY Lieil TpeHn 3’sIBUBCS i B YKpaiHi, 110, B
CBOIO Yepry, BU3HAYAETHCSA IMOTEHIIIHHOIO TIpH-
BaOiuBicTio mopig BPX ykpaiHChKOI celekiiii,
B SJKMX YacTKa OaxkxaHoro ayiensa A? Moxe OyTh
noctatHbo Bucokoro (Ladyka et al, 2021; Kuliba-
ba et al, 2023).

ITpuBabnuBicTL OeTa-Ka3zeiHy B SIKOCTI 00’€K-
Ta I MapKep-acouiiioBaHol cenekuii (MAS) Bu-
3HAYAETHCI MOTO CIEeHMMMIUHUMM XapaKTepUCTH-
kamu BimHocHO JIHK-mapkepiB, 110 cTajiu BXe
KJACUYHUMU ISl MOJIOYHOTO CKOTapCTBa, TaKU-
MU SK TipoiakTuH (PRL), Gera-1akTorjaoOysiH
(LGB), nentun (LEP), peuentop ropMOHY POCTY
(GHR) Tta inwi (Singh et al, 2014). AnenbHi Ba-
piaHTH OeTa-Ka3eiHy BUCTYIIAIOTh Y POJIi SIKICHUX
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O3HaK, TaK SK LiJIbOBa MyTallisl MOBHICTIO BU3HA-
yae TAIl TIponykry — Al abo A2 ¢opmy Oera-Ka-
3eiHy B MoJioli (Ta, BiIMOBiAHO, i TUIT MOJOKA).
OpnHak, He3BaXXaluu Ha MEPCHEKTUBHICTb BUKO-
pUCTaHHSI OeTa-KaszeiHy B SIKOCTi (pyHKLiOHAJb-
HOI OJMHUIII CEJEKIifHOI POOOTH, 3aJIMIIAETHCS
BiIKPUTUM MUTAHHSI CTOCOBHO BIUIMBY iHILIMX Te-
HIB Ha 3arajibHi mapamMeTpd MOJIOYHOI MPOIyK-
TUBHOCTI TBapUH. 3 L€l TOYKU 30pY, HEAOCTATHHO
MIpPOCTO IPOBOAUTU Bimbip OCOOMH 3a ajejIbHU-
mu Bapiantamu CSN2, HeoOXiIHO TaKOX Bpaxo-
ByBaTU (pakTOp BIUIMBY IHIIMX JIOKYCIB, TaK $IK
OTPUMAaHHS MPOAYKIlii, MosioKa A2, MOXe Cylpo-
BOJI’KYBATUCSl 3HUXKEHHSIM MOKA3HUKIB MOJIOYHOI
MNPOAYKTUBHOCTI (Haaiil, BMIiCT Xupy i 6ijiKa), 1110,
(pakTMYHO, MOXKE IMOBHICTIO NEPEKPECIUTHU IIepe-
Baru MpoBeJEHO1 CeJIeKIiliHOI POOOTH.

Tlopsin 3 KJIIACMYHMM ITiIXOIOM [0 CEJIeKIIili-
HOTO TOKpallleHHST MPOAYKTUBHUX O3HaK TBapUH
Y MOJIOYHOMY CKOTapCTBi J0 MEepPCHeKTUBHUX Ha-
MnpaBjieHb IJIEMiHHOI POOOTH BiTHOCUTBHCS 3aB-
JaHHS JOCJiIXKeHHST TapaMeTpiB pe3uCTeHTHOCTI
JIO 3aXBOPIOBaHb Pi3HOI €TiOJIOTii, B MEpPIIy Yepry
1o mactuty (Sender et al, 2013; Gogoi et al, 2021;
Suprovych et al, 2022; Saranya et al, 2023). V¥
LIbOMY KOHTEKCTi, OTHMM 3 HaWOiJbLI MepcrieK-
TUBHUX 00’€KTIB € TeH (HaKTOPy HEKPO3y MyXJIMHU
anbda (TNF-a), pi3Hi anenbHi BapiaHTH SIKOTO
MOB’s13aHi 3 MPOSIBOM PE3UCTEHTHOCTI TBapUH 10
3axBoptoBaHb (Pal et al, 2020).

T'en akTopy Hekposy myxiauHu anbda (TNF-o)
BIIHOCUTBCS IO OIHOTO 3 HAWOUIbLI IiIKaBUX Ta
aKTyaJlbHUX OO ’€KTIB OOCHiIXKEeHb y IPaKTUYHINA
TEHETULl]l BEJIMKOI poraTtoi XyamoOu BIPOMAOBXK BXKe
IBOX necaTupiub. Illupokuii criekTp izioioriu-
Hux ¢yHKUii TNF-o, moB’s3aHUX 3 PEryslicelo
AKTUBHOCTI IMyHHOI CHCTE€MH, IPUBIB 0 IIOSIBU
BEJIMKOI KiJIbKOCTI JOCi/I>)KeHb 3 TMOILYKY acollia-
TUBHOTO 3B’S13KYy Pi3HMX ajJeJIbHUX BapiaHTiB reHa
3 TIOKa3HMKaMu pe3ucTeHTHOCTI KopiB (Konnai et
al, 2006; Wojdak-Maksymiec et al, 2013; Bojaro-
jc-Nosowicz et al, 2018). Cuin 3a3HaumTH, 110 B
SIKOCTi 00’€KTa JOCIIIKEHb MOXYTh BUCTYIIATH HE
TUIbKM KOMEPIIiiiHi, ajie i JIoKajbHi (A00pUTreHHi)
nopoau KopiB (Cheng et al, 2016; Sattar et al,
2019). ITpu 1boMy, MUTAHHSI CTOCOBHO acolialliii
pisHux aneniB TNF-o 3 NpoayKTMBHMMU O3Ha-
KaMy TBapMH 3aJMIIAEThCS, (PAKTUUHO, BiAKpU-
TUM. JlOoCHimKeHHsT 3 aHali3y 3B’SI3KYy ajeJIbHUX
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BapiaHTiB TNF-o0 3 MOKa3HUMKAaMM MOJIOYHOI Mpo-
JYKTUBHOCTI Ta PeNnpoayKTUBHUX (PYHKIII KOpiB
PI3HUX MOPiI MPOBOASATHLCS, OAHAK iX KUJIBKICTb €
CYTTEBO MEHILIOIO YV MOPIBHIHHI 3 KUJIBKICTIO ITy0-
JIIKALIii, OPUCBIYEHUX IMUTAHHSIM PE3UCTEHTHOCTI.
V gKocCTi npukiagy MoXHa HaBecTH podoTu Yu-
din NS et al Ta Mohsen TUC et al (Yudin et al,
2013; Mohsen et al, 2022).

OCHOBHOIO METOI0 CeJIeKLiiiHOI podOTH Yy MO-
JIOUHOMY CKOTapcCTBi €, B pEIUTi pelluT, OTpHUMaH-
Hsl O€3IIeYHOol Ta SIKICHOI MPOMYKIIil IJISI CITOXKM-
Baya, IO JJOJATKOBO MiIKPECII0E BaXJIMBICTh
noegHaHHS 3aBmaHb MAS y HampsiMi ITiIBUIIEH-
H] SK IIapaMeTpiB MOJOYHOI IPOIYKTUBHOCTI,
TaK i 3arajbHOI pe3ucTeHTHOCTi TBapuH (Weigel
et al, 2018). Binpwm toro, misi 6araTboX IMUTaHb
y il ranysi, came KoMmOiHallisi MeTOAUYHUX TTifI-
XOJIiB MapKep-acolilioBaHOI Ta TEHOMHOI CeJIeKIIil
€ ONTUMAJbHOIO CTPATEeri€lo MOKpalIEHHSI O3HAK
tBapuH (Brajnik et al, 2023). 3 ypaxyBaHHSM 3aB-
JMaHHS 31 CTBOPEHHS €KCIIepUMEHTAIbHMUX ITOITy-
JISILIM KOPiB-TIpOAYLIEHTIB A2 MOJIOKa Ta OJHO-
yacHUM (OpMyBaHHSAM MIAIPYHTS ISl 3a0e3mne-
YEHHSI TONAJbIIOr0 IMPOBEAEHHSI MapKep-acolli-
oBaHOI ceJieKlil Ha pPe3UCTEHTHICTh A0 3axBO-
pIOBaHb Pi3HOI eTioJsiorii (B Teplly 4epry — J0
MAacTUTYy) HEOOXiAHO MPOBOAMTHU TUITyBaHHSI OCO-
OMH HE TUIBKU 3a ajeJIbHMMU BapiaHTaMu OeTa-
KazeiHy, ajie i 3a iHIIMMM JIOKYCaMM, IO SIKMX
BITHOCUTBCS 1 TeH (PaKTOpy HEKpO3y NyXJIMHU
anbda. Y LIbOMy KOHTEKCTi, caMe aHalli3 KOM-
TUICKCHUX TEHOTHUITIB € e(PEKTUBHUM IiHCTpYMEH-
TOM JOCJIIXKEHHS BapiaTUBHOCTI TTOMYJISLINA OCO-
OMH 3 piI3HUMM TE€HOTUIIAMM 3a OeTa-Ka3eiHOM
Ta BapiaHTaMM MapKepiB, acolilfoBaHUX 3 ajam-
TalliiHUMKU O3HaKaMW TBapuH, 10 SIKUX BiHO-
csaThes 1 pisHi aneni TNF-a.

Tabauys 1. HykneoTuana cTpykTypa npaiimepis

TakuM 4YWMHOM, KiHIIEBOIO iJIE€EI0 3arajbHOrO
MPOEKTY TOCTIIKEHb (YACTMHOIO SIKOTO € 3aIpo-
MOHOBaHA CTaTTS) € IPOBEICHHSI MapKep-acoLilio-
BaHOI ceJieKllil MOJIOYHUX TOPia BEJMKOI poratoi
XyJoOM 3a JIOKyCOM OeTa-Ka3eiHy, 3 METOI OTpH-
MaHH$ e€KCIepUMEHTaIbHUX TPYIT TBAPUH-TIPOIY-
LeHTIB A2 MOJIOKa, gKi € TaKOX ONTHUMIi30Ba-
HUMHU 3a MapaMeTpaMy afanTaliliHUX sSKocTeil (y
MeplIy Yepry — pe3UCTeHTHOCTI 10 3aXBOPIOBAHb).

Marepiamm i metoau. JlociimkeHHs mpoBeAcHI
y JJabopaTopii MOJEKYISIPHO-TEHETUUHUX TOCIIi/I-
KeHb Kadenpu Oiosorii TBapuH HamioHaabHOro
YHiBepcuTeTy 6iopecypciB i MpUPOIOKOPUCTYBAH-
Hs1 YKpaiHu.

Buninenns JHK mpoBonuau 3a BUKOpUCTaH-
HsI KoMepliiiHoro Habopy peareHTiB DNA-sorb-
B nucleic acid extraction kit (AmpliSens), 3rigHo
pexoMeHpaamissMm BupobHmka (http://lightgene.com.
ua/wp-content/uploads/2017/06/DNA-sorb-B_
PM _220217.pdf). B skocti GiojoriuHoro mare-
piajy BUKOPUCTOBYBaJIU LiJIbHY KPOB TBApUH, OT-
puMaHy Bil BeTepUHApPHOI CIIyXkKOM rocromapcrba
(CTOB «ArpocBiT»).

B gaxocti 00’ekTra mOCHiIXEHb BUKOPHCTOBY-
BaJIM KOPiB TOJIUTUHCHKOI MOPOAM (MOJOYHUI Ha-
MpSM TIPOAYKTUBHOCTI, n = 98).

I'eHoTUIYBaHHSI OCOOMH IIPOBOAMIM 32 BUKO-
pUCTaHHS METOMIB ajeib-crierudiunoi ITJIP (AS-
PCR) y Bumanky 3 Jiokycom OeTa-KazeiHy. s
TUITYBaHHS 32 JIOKYCOM (baKTOPY HEKPO3y IMyXJIu-
HU ajbda BukopucroByBaau Mmeron ITJIP-TIJIP®
(TIJIP 3 pectpukuiitnum aHaiizom, PCR-RFLP).

Jlnst mpoBeaeHHS amILTidikallii aJisi KOXXHOTO 3
JIOKYCiB BUKOPUCTOBYBAJIM BiMOBiIHI TTpaiiMepH,
CTPYKTYpY SIKMX HaBeIeHO y Tabj. 1.

Awmiuridikanito IIpoBOAWIM 3a BiINOBIIHUMU
IIJIST KOKHOTO JIOKYcy nporpamamu. s CSN2 Bu-

Jlokyc [Tpaiimep HykneotunHa cTpykTypa J>xepeno
CSN2 854 F gcccagatgagagaagtgagg Keating et al, 2008
854 R (A1) gatgttttgtgggaggctgttat
854 R (A2) gatgttttgtgggaggctgttag
TNF-a (Sacl-noniMopdiszm) F gagaaatgggacaacctcca Bojarojé¢-Nosowicz et al,
R ccaggaactcgcetgaaactc 2011
TNF-o. (Rsal-nionimopcism) F gggtgacttgetctaacactcatc  Higuchi et al, 1999
R aggcctcacttccctacatcccta
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KOPUCTOBYBJIM MOAM(IKOBAaHUN TPOTOKOJ aM-
oricpikarii: oguH UK — aeHatypauis 94 °C 5 xB;
10 mukniB — nmeHatypamist 94 °C 30 c, Bigman
66 °C 30 c, emonramis 72 °C 30 c¢; 25 nukiiB —
nmeHarypamist 94 °C 30 c, Bigman 64 °C 30 c, eJoH-
ramist 72 °C 30 ¢ (Kulibaba et al, 2023). Cranito
¢iHaJbHOI eJIOHTAllil He BUKOPHCTOBYBAJIH.

V Bumanky 3 TNF-0 BUKOpUCTOBYBaJMd Hac-
TYIIHI TPOTOKOJIM aMIntidikallil: OoguH LUK —
nmeHatypamis 94 °C 5 xB; 35 umMKiiB — JeHaTypa-
misg 94 °C 30 c, Bigman 30 ¢ (60 °C mia TNF-a
Sacl; 63 °C mma TNF-o Rsal), exonramis 72 °C
30 c¢; ¢i"anpHa enonraiisgs — 72 °C 10 xB. O6’eM
KiHLIEBOI CyMillli B yciX BuMaakax ckijaB 20 MKJI,
KOHILIeHTpalis npaiiMepiB — 0,2 MKM.

Pectpukuito dparmentiB reny TNF-o mpoBo-
JIWJIN 3 BUKOPUCTAHHSIM €HIOHYKJIea3 PecTpUKILii
Sacl ta Rsal («Thermo Fisher Scientific», CIIIA)
BIiITTOBITHO 0 IPOTOKOJIIB BUPOOHMKA.

IMponykTtu amruticdikailii/pecTpuKiiii po3aisi-
M B arapo3Hmx 1,5%-HUX Tensax 3a HaIpyru
120 B ympomosx 40 xB. B sgxocti GapBHHMKa
BUKOPUMCTOBYBAJIU €TUAIYM OpOMIL.

Bizyanizauito ¢parmentis JJHK B remi mpo-
BOJAMJIM B yiabTpadioseTroBomy crekTpi (312 HM).
JJ1st BUBHAYEHHSI PO3Mipy aMILTi(piKoBaHUX/pecT-
PUKUIMHUX (parMeHTiB BUKOPUCTOBYBAJIM Map-
kep monekyasipHux Mac GeneRuler 50 bp (Ther-
mo Fisher Scientific).

V Bunanky 3 CSNZ2 (¢pparmeHT 7-0ro ek3o-
HYy IeHa) Ha ejekTpodoperpami mpencraBicHUI
¢parmenT JHK posmipom 854 11.H.

Hnss TNF-o (Sacl-nonxiMopdism y mpomMoTop-
Hill ginsiHUi reHa, —824 A>G) — po3Mip aMILli-
¢ikoBaHOro (parMeHTy ckiagae 249 mn.H. Aneib
A TipencTtaBieHMI Ha ejleKTpodoperpami ¢par-
MeHTOM po3mipom 168 Ta 81 m.H.; amenp G —
249 mn.H.

Hns TNF-o (Rsal-monimMopgism y uderBepTo-
My €K30Hi) — po3Mip amILIi(hiKoBaHOro (hparMeH-
Ty ckinagae 1233 m.H. Anenp C mpencTaBiIeHUIA
¢parmeHTOM po3mipom 1233 m.H.; anenp T — 928
ta 305 m.H.

3a 3arajbHOI0 CXEMOIO, HOCHiIKEHHS Oyso
po3aiJieHO Ha JBa MoB’s13aHUX eTanu. Ha mepiio-
My eTami NPOBOAMIM T€HETUKO-TIOMYJSIiiHI 10-
CITIIDKEHHST — BU3HAYEHHSI IMapaMeTpiB TeHETUYHOI
MIHJIMBOCTI JOCIAHOI ITOMYyJsILil KOpiB 3a JIOKY-
camu OeTa-KaseiHy Ta (haKTOpy HEKpPO3y MyXJIMHU
anbda. Ha apyromy etari NnMpoBOAMIIM MOPiBHSIH-
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HSI 3HaUYe€Hb CEPeIHbOIO HAIOK MO TIpylax TBa-
PYH 3 pi3HMMM T€HOTUIIAMU 3a BUSIBICHUMM TIOJi-
MOP(hHUMU JIOKYCaMMU.

3a pesyJabTaTaMy iHAMBIAyaJIbHOTO TUIYBaHHS
0COOMH pO3paxoBYyBaJIM 3arajbHi FreHETUKO-TIOIY-
JISILiMHI TTapaMeTpu: YacTOTU TeHOTUITIB i ayiesliB,
dbaktnuny (H)) ta ouikysany (H,) rereposuror-
HicTh, KoediuieHT romosurotHocTi (C)), Kijlb-
KiCTb e(eKTMBHUX anenei (n), iHmekc (ikcartii
Paiita (F,), BiINOBIOHICTb CTaHy F€HETMYHOI PiB-
HoBaru 3a Xapmi-BaiitHOeprom metomom y2. Po3z-
PaxXyHKU FeHETUKO-TIONMY/ISILIIMHMX MapaMeTpiB Mpo-
BOJIMJIM 32 BUKOPUCTAHHSI TIPOrpaMHOTo 3a0e3re-
yenHsd GENALEX version 6.5 (Peakall et al, 2012).

B sxocTi mokazHuKa MOJIOYHOI MPOAYKTUBHOC-
Ti BUKOPUCTOBYBaJld 3HAUCHHSI CEPEAHBOrO Ha-
noto 3a 305 gHiB JakTalii (KT) AIsl IBOX JaKTallii.
AHaJi3 POAYKTUBHUX ITapaMeTpiB TBapMH 3 Pi3-
HUMHU TeHoTunaMu 3a Jjokycamu CSN2 ta TNF-a
MPOBOAWIN 32 BUKOPUCTAHHSI OIHO(AKTOPHOIO
aucriepciitHoro anHanizy (ANOVA) Ta kpurepito
MHOXUWHHUX TOpiBHsIHb ThloKi-Kpamepy B sikoc-
Ti iHCTpyMeHTy post-hoc TectyBaHHs. Po3paxyH-
KM TipoBomuian y cepemoBuilli Microsoft Excel 3
BukopuctanHaM Real Statistics Resource Pack
(http://www.real-statistics.com/free-download/
real-statistics-resource-pack/). IlepeBipky po3armo-
JIJTy Ha HOPMaJIbHICTh MPOBOAMJIM 3a KPUTEPIEM
amipo-VYinka. ¥ Bumaaky, SIKIIO PO3MOLII Bi-
POTiIHO BiAPi3HSBCS Big HOPMaJbHOTO, BUKOPUC-
ToByBaJIM Kputepiii Kpackena-Yosutica Tta TecT
Hemenbi.

PesyabTaTi mociimKkeHb Ta ixX 00roBopeHss. 3a
pe3yjabTaTaMu MPOBEACHUX TeHETUKO-TOIYJISILIiii-
HUX JOCHiIXeHb BCTAHOBJIEHO, 1110 JOKYCHU OeTa-
KaseiHy Ta (pakTopy HEKpOo3y MNyXJIMHU alibdha
(nBi Mytauii) y JOCHiAHIM TOMyJsiLii KOpiB €
MOMIMOP(PHUMM.

3a nokycom CSNZ2 BCTaHOBJIEHO HAaSIBHICTb
O0COOMH 3i BciMa MOXJIMBHMU reHOTUIIaMu (A'Al,
A'A? ta A’A?). Ha puc. 1 HaBemeHO eeKTpodo-
perpamy MpoAyKTiB aMIuTi(ikauii (pparMeHTy Cbo-
MOTO €K30HY T'eHy OeTa-Ka3eiHy.

¥V Bunaznky 3 mapkepHoro cuctemoro AS-PCR,
SIKy MU BUKOPUCTOBYBAIM ISl TUTTYBAHHSI OCOOMH
BPX 3a nokycom CSN2, HasgBHICTh aMILTihiKOBa-
Horo ¢parMeHTy JMIIe B TO3ULL i ajmeins Al
JIJIsI KOXKHOI 3 TIpo0, BKa3ye Ha reHotuIr A'Al; Ha-
SIBHICTb (DparMeHTy TiUIBKM B TTO3WIII JUIST ajiesis
A? — BKasye Ha reHotunr A?A?; HasIBHICTb (par-
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Puc. 1. Enextpodoperpama mpoaykriB amrutidikauii ¢parMeHTy ChOMOIO €K30HY IeHy OeTa-Ka3eiHy B JOCIIiIHii
ronyJsiii KopiB. 1—8 — HoMmepu npo6; 1, 2, 4, 6, 7 — renotun A2A?; 3, 8 — reHoturn A'A?; 5 — MapKep MOJIEKYJISIPHUX

mac GeneRuler 50 bp

MEHTIB B 000X MO3MUIISIX — Ha IeTepO3UTOTHUI
reHotunt A'A2. TumyBaHHS OCOOMH 3a JIOKYCOM
Oerta-kazeiHy 3a BukopuctaHHs AS-PCR mnpo-
BOOWIM 3 YpaxXyBaHHSM aHali3y IHTEHCHBHOCTI
¢ayopecueHuii ¢parmentis JIHK Ha ocHOBI Me-
TOOWYHMX IAXOmiB, SIKi Oynm po3poOsieHi Hamu
paniure (Kulibaba et al, 2023).

V pocninHiii momnyssiii KOpiB ToOJIITUHCHKOI
MOPOAM BUSIBJIEHO OCOOMH 3i BCiMa MOXJIUBUMM
3a JIOKYCOM 0eTa-Ka3eiHy reHOTUIIaMU, OTHAK CITiB-
BiIHOIIEHHS BiAMOBIAHUX ajieiB CYTTEBO Pi3HU-
Jocs. Y uigomy, ISl DOCHiAHOI MOMYyJsLii € Xa-
paKTepHUM 3HAYHE TepeBakaHHs YaCTOTHU aJIesio
A? mmpotm A' (0,78 vs 0,22). Takox BuUsSBIcHA
JIOCTaTHBO BEJIMKA KiJIbKiCTh TOMO3UTOTHUX 3a ajie-
jJeM A? ocobuH. 3a pe3ynabTaTaMM HOCHTiIKEHb
BCTaHOBJICHO, 110 JOCiHA MOMYJISILISI TBAPUH 3HA-
XOIUTHCS B CTaHi TeHETUYHOI piBHOBAru 3a Xap/i-
Baitn6eprom, 1110 BKa3ye Ha BiICyTHICTh BUpaxe-
HOI [ii Bizbopy 3a JJOKycOM OeTa-Ka3eiHy Ha LIbOMY
eTarti. 3a YMOBM BiJICYTHOCTi CYTTEBUX 3MiH Ta MO-
mugikalii mporpaMm po3BeIeHHS TOJIITHHCHKOI
Mopoau B TOCIIOJAPCTBi, Bapiallii y 3HAYEHHSX
qyacToT ajenmiB A' Ta A? OymyTh BiICYTHIMMU.

3HaueHHs TMoKa3HUKa iHaekcy ¢ikcauii Paiita
nopiBHioe 0,018, 1110 HOJATKOBO BKa3ye Ha Bil-
CYTHICTb aKTMBHUX (POPMOYTBOPIOIOUUX TPOLIECiB
Ta IOBHICTIO BilNOBiTa€ piBHOBAXXHOMY CTaHy IO-
IyJISILil KOpiB. Y CBOIO Yepry, 3HaY€HHsI KiJIbKOCTi
e(eKTUBHUX aJIeJliB BKa3ye Ha CepemHiii piBeHb
noJiimopdHocTi gokycy (1,52) BiZTHOCHO KJlacu4d-
HOI1 JBOXaJIeJIbHOI CUCTEMU.
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V nopiBHSUILHOMY acCII€KTi, IepeBaxkaHHs Jac-
TOTU ajemio A’ y TOJIITHHCHKOI TTOPOAM KOPiB
TaKOX BiIMiyeHe UIs1 TTOMYJISIIii, SIKi PO3BOASTh-
cs1 B Xopaarii (65,0 %), I'peuii (74,4 %), CrnoBau-
yuHi (76,18 %) (Ivankovic et al, 2021; Antonopou-
los et al, 2021; Miluchova et al, 2023).

VY ToOi1 e Jac, y TOMITUHCHKUX MOJOYHHUX KO-
piB, SIKi po3BOAsTbCSl y TypeuuyuHi, CHiBBiIHO-
LLIEHHST YyacToT ayelliB A' Ta A? € GijbllI BUPIiBHS-
M — 0,44 npotu 0,56 (Soyudal et al, 2019). ¥V
CBOIO Yepry, IS iHIIMX MOMYJSLiil TOJIITUHCH-
KHUX KOpIiB € XapaKTEepPHOIO TPOTHJIEKHA CHUTya-
i — mpeBamoBaHHA 4YactoTh anens Al (0,54)
(Hanusova et al, 2010). Taky cuTyalito MOXHa
MOSICHUTU TTOCTYMOBUM TIPOBEIEHHSIM TUJIEMiHHOL
pOOOTH Ha TABUIIEHHS YacTOTH aieliss A? JOKyCy
OeTa-Ka3eiHy, 3 METOI0 OTPMMAaHHS BiIMOBiIHOI
nponykiii (Mosioka A2). Ilpo 1e cBiquaTh pe3yJib-
TaTU aHaJli3y MyOJiKaliii 3a OCTaHHI TPU POKU Y
MOPiBHSIHHI 3 poboTaMu IeCATUPIUHOI JABHUHU.
CaMe ToMy MM 0OauyMMO HACTYIMHUI TpeHO —
MOCTYNOBe 30iNbIIeHHS OaxkaHoro ajuens A? y
MOMYJISLisIX KOPiB TOJIITUHCHKOI MOJIOUHOI TIO-
pOIM y Pi3HUX perioHax CBiTy, BHACJiJOK IOMYy-
Jsipu3aiii MojouHoi npoaykuii tumny A2. IMomio-
HOI AYMKM JOTpUMY€ETbcs Takox Kaminski 3i
crniBaBropamu (Kaminski et al, 2022).

CyTTeBa BapiaTMBHICTb YacTOTU ajens A’ Jo-
Kycy OeTa-Ka3eiHy 3ajeKHO Bijl ITOIYJISLil y Me-
JKaxX OfHi€l MOpoAU BEJMKOI poraroi Xxygoou Oyna
BilMiueHa HaMH i B MOMNEPEeIHbOMY JOCIiIKEHHI,
JIe B SIKOCTi 00’€KTY BUKOPUCTOBYBAIM Pi3Hi IMO-

ISSN 0564—3783. Llumonoeis i eenemura. 2024. T. 58. Ne 1



[ | Iloaimoppizm eenie CSN2 ma TNF-a y nonyasauii kopie 2oammuncokoi nopoou [ |

7 8 9 10 11

Puc. 2. Enextpodoperpama npoayKTiB pecTpUKIlii TpoMoTopHOro dparmeHTy reny TNF-o (—824 A>QG) y nocmiaHiit
nonyssii kopiB. 1—11 — Homepu nipo6; 1, 3, 5, 9 — reHorun AG; 2, 4 — renorun GG; 7, 8, 10, 11 — reHoTun

AA; 6 — mapkep Mosekyasipaux Mac GeneRuler 50 bp

MyJIsiLii KOpiB YKpaiHCbKOI YOPHO-psSI00T MOJIOY-
Hoi nopoau (Kulibaba et al, 2023). [TonynsuiitHa
cneurdiuHicTh BapiaTUBHOCTI 4acTOTU ajensl y
MeXax OJIHI€l MOpOAM BMHUKAE, HA HAly TyMKY,
BHACJIIZOK OCOOJIMBOCTE CeleKLiliHOI poboTH,
sKa TIPOBOAMTBCSI Y TOCIIOAAPCTBi (cenexiiisi Ha
OTpUMaHHS MPOAYLIEHTIB A2 MOJIOKa, CeJIeKllisl Ha
PE3UCTEHTHICTb 10 MACTUTY Ta iHILIE).

3 ypaxyBaHHSIM BChOTO BHILIEHABEICHOIO BU-
HUKA€E IIJIKOM 3aKOHOMipHE IUTaHHS — 4YOMY,
He3BaXkKalouyu Ha €KOHOMIiYHY IPUBaOIUBICTb MPO-
€KTY 3 OTPUMAaHHS eKCIIePUMEHTAbHUX I'PyM TBa-
pMH 3 6axkaHUM TeHOTUIIOM A?A?, B TOCiAHIN IT0-
MyJIsiLil BeJMKOI poratoi xynoou giHaibHOI (ik-
calii (HabyBaHHsSI MOHOMOP(HOro cTaHy) ajesro
A’ He BinOyBaeThcs? BiamoBinb, Ha Hally IYMKY,
MOJISITA€E B OCOOJIMBOCTSX IJIEMIHHOI pOOOTHU, sIKa
MPOBOAUTLCS 3 TBapUHAMM. 3 METOIO 3HMKEHHS
MartepiaJbHMX 3aTpaT s OTPUMaHHS HalaaKiB
BUKOPHCTOBYETbCSI TUTIOBAHUI 3a ajleIbLHUMU Ba-
piaHTaMu OeTa-KaseiHy CiM’SIHUIA MaTepiaa Tuti-
HUKiB. OJHaK, IpU TaKOMY METOJUYHOMY TTiIXO-
IIi, 32 YMOBM BiJICYTHOCTI BUOpaKyBaHHSI OCOOMH
(xopiB) 3 HebaxkaHUMU reHoTurnamu A'A' Ta A'A?
3 TUJIEMIHHOTO sapa, BiIOYBa€TbCS IOCTYIOBE
30ITBIIEHHS YaCcTKU ajesss A’ y TIOIMyJsllii, aje
0e3 MOXKJIMBOCTI Ioro octaTo4yHoi (ikcauii. Yepes
JIeKiJIbKa TeHepaliii MU OTPUMAEMO TMOIYJISLIiIO0
TBApMUH Yy CTaHi TeHETUYHOI piBHOBAru, B sIKiil BxXKe
He OynyTb BigOyBaTHCSI aKTUBHI (DOPMOYTBOPIO-
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F0Ui TTPOIIECH Ta CYTTEBI 3MiHM YaCTOT BIATIOBITHUX
aneniB. Came TaKy KapTUHY MU 1 CIOCTepiraemo y
BUMAAKY JOCJiTHOI IIOPOIN KOPiB.

3a Sacl-nonimopdizmom nokycy TNF-o BcTa-
HOBJIEHO HasIBHICTb OCOOMH 3i BCiMa MOXXJIMBUMU
Bapiantamu reHoturniB — AA, AG ta GG. Biaro-
BinHO, JNokyc TNF-o 3a Mmytauiero —824 A>G
€ ToJiMOp(HUM Yy JOCHiAHIN MOMyJsiuii KOpiB.
Enexktpodoperpama mpoayKTiB pecTpUKIIil Mpo-
MOTOpHOTO (bparMeHTy reHy TNF-o HaBeaeHa Ha
puc. 2.

Ha BigMiHy Bin OeTa-Ka3eiHy IJIs HOCIiIXKEH-
Hs1 noJliMopdi3My JIokycy (hakTopy HEKpo3y Myx-
JIUHU ab(a BUKOPHUCTOBYBAIM KJIACUYHUI pec-
TPUKILIMHUI aHai3. Ha mpencraBieHill exekTpo-
¢operpami HasiBHiCTH ogHoro ¢parmenty JHK,
po3mipom 249 11.H., BKa3dye Ha reHotunn GG (My-
tauigs —824 A>G mpu3BOAUTL OO0 BTpATU CAMNTy
pectpuxuii ais1 Sacl); HasiBHiCTb ABOX (pparMeH-
TiB, po3MipoM 168 Ta 81 I.H., BKa3dye Ha TEHOTHIT
AA. TereposurorHuii reHotun AG mpejacTabie-
HUI KOMOiHalli€El0 TpboX (parMeHTiB poO3MipoM
249, 168 Tta 81 m.H. BimnosimHo. OTpuMaHi Ia-
TePHi pecTpHUKIlii MOBHICTIO BiIMOBiIAIOTh OYiKY-
BaHUM.

3a pe3yabraTaMu JOCJIIKEHb BCTaHOBJICHO,
1110 JOCJIiIHA MOIMYJISILisl KOPiB XapaKTepU3y€EThCS
IyXe ONMM3bKMMHU 3HAYE€HHSIMM YacTOT ayiesliB A
ta G (0,55 mporu 0,45). 3a cniBBiZHOLLIEHHSIM
TEHOTUIIIB HANHOUIBIIY KiJIBKICTh CKJIAAAalOTh OCO-
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14 15 16

Puc. 3. Enextpodoperpama nmpoayKTiB pecTpUKilii eK3oHHOro ¢parmeHTy reHy 7NF-o (Rsal-monimopdizm) y no-
CHTimHiM TTomyJswii KopiB. 1—16 — Homepu 1ipo6; 1, 5, 12 — renorun TT; 2—4, 7-9, 11, 13, 15 — renorumn CT; 6,
14, 16 — renorun CC; 10 — mapkep moueky/sipaux mac GeneRuler 50 bp

OMHU 3 TeTepo3uroTHuM reHoturiom AG (47),
HalimMeH1iny — romo3urotu GG (21). 'omo3uror-
Hi 3a ajejeM A OCOOMHM 3aliMaloTh IPOMIXKHE
noJyioxkeHHs (30). 3a pesysibTaTaMu aHali3y CITiB-
BiTHOWIEHHST (PAKTUYHOI Ta OYiKyBaHOI KiJIbKOC-
Ti OCOOMH 3 PI3HMMHU T€HOTUIAMU BCTAHOBJIEHA
BIICYTHICTb BiIXWJIEHHS BiJ PiBHOBaXXHOTO CTaHy
3a Xapmi-Baiitnoeprom. 3HaueHHS iHOEKCY (ikca-
uii Paiity (F,) npuiiMae maiixe MiHiMalbHe MOX-
auBe 3HayeHHs (0,03), 110 TaKoX CBiIYUTH TIPO
TeHETUYHY piBHOBAry B AoCigHii nommyssiii. [Tpu
LIbOMY, Ha BiIMiHYy BiIm JIOKycy OeTa-Ka3eiHy, pi-
BeHb MMOJIIMOP(HOCTI JIOKYCY (KiJbKicTh edek-
TUBHHMX aJleJliB) JOCSTae, TPaKTUIHO, MaKCH-
MajibHOro 3HadyeHHs (1,98), 1o BU3HAYa€eTbCs

OJIM3BKMMU 3HAYCHHSIMM YacTOT aJielliB JIOKYCY
TNF-o. (Tabun. 2).

¥V cBorw uepry, 3a Rsal-momimopdizmom yet-
BepTOro €K30oHy reHy TNF-o y nmocmimHiii mo-
MyJsIiil KOpiB BCTaHOBJIEHO HAasIBHICTb OCOOMH
3i BciMa MOXJUIMBUMMU BapiaHTaMU TE€HOTHUIIIB —
CC, CT Tta TT. BimnosimHo, mokyc TNF-a €
nojiMmopdHauM. Enexrpodoperpamy mponykTiB pe-
cTpukuii ¢pparmenty reHy 7TNF-o HaBegeHO Ha
puc. 3.

Ha mnpencrasneniii eiaekrpodoperpami HasiB-
HiCThb omgHOTO (PparMeHTty, po3mipom 1233 1.H.,
Bkasye Ha reHoturnt CC; gBox ¢parMeHTIB, po3-
mipom 928 Ta 305 m.H. — Ha reHotun TT; Tpbox
¢dparmeHnTiB, po3mipom 1233, 928 Ta 305 m.H. —

Tab6auys 2. TeHeTHYHA CTPYKTYpa AOCHIIHOI momysuii TBapuH 3a Jokycamu CSN2 ta TNF-o,

T'enorunu
Jlokyc Yacrotu arneniB b
0] E
A'A! AlA? A2A? AlA! A'A? AA? Al A2 0.027
CSN2 5 33 60 4,75 33,63 59,62 0,22 0,78 ’
AA AG GG AA AG GG A G 0.119
TNF-o Sacl 30 47 21 29,65 48,51 19,84 0,55 0,45 ’
CC CT TT CcC CT TT C T 6.20
TNF-o Rsal 22 61 15 28,58 48,69 20,73 0,54 0,46 ’

Ilpumimka. O — pakTUUHA KiJIBKICTh OCOOMH 3 TIEBHUM F€HOTHUIIOM 3a KOXHUM 3 TOCIiIHUX JIOKYCiB; E — ouikyBaHa
KiJIbKICTh OCOOMH 3 MIEBHUM T€HOTUIIOM 32 KOXHUM 3 JOCIiTHUX JIOKYCIB.
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Ha rerepo3urotHuii reHotun CT. OrpuMmani ma-
TepPHU PECTPUKIIil ITOBHICTIO BIiAIIOBiZalOTh OYi-
KyBaHUM.

3a po3MoIiIoOM 4YacTOT ajejliB HOOCJigHa II0-
MyJIsIlisl KOpiB OyXe cXoxa JI0 pe3yjbTaTiB 3a
Sacl-noniMmopdizmom sokycy TNF-o0 — 3HaueH-
Hsg 4vactoT npotwiexHux ainemiB C i T Oam3bki
Tta ckiamaote 0,54 Tta 0,46 BimmoBigHO. Y TOM
K€ Yac, pO3MOIiI TeHOTHUITIB 3a KOXHHM 3 JIO-
KYCIB CYTTEBO BIAPI3HSETHCS, 10 i MPU3BEJIO IO
neBHUX ocobysmBocTeit. Tak, 3a Rsal-moximop-
¢izmom nokycy TNF-o mociimHa MomyJsiisi TBa-
PUH JEMOHCTPYE MaKCUMaJIbHUM, Y TMOPiBHSIHHI
3 iHIIMMM JIOKycaMU, pPiBeHb (PaKTUUYHOI reTe-
posurotrHocTti (0,622), 1m0, Ha TIi 3HAYeHb IIO-
KasHuka H_, mpusBoauTh 10 CyTTEBOTO €KCLECy
reTepo3uroT (piBeHb ayTOpUANHTY cKitagae 25 %).

KinbKicTh reTepo3uroTHUX OCOOMH Maiixke BTpUYi
rnepeBaxae KiJIbKiCTb TOMO3WUTOT 3a OKPEeMUMU
ajensiMy. Y TOW e 4yac piBeHb MOJiMOPMHOCTI
JIOKYCY, SIK i B TOINEPEIHbOMY BUIIAIKY, € TyKe
BUCOKMM Ta JIOCSITa€ MaKCMMaJbHOTO 3HAUYeHHS
(1,988) cepen Bcix mocmimkeHux reHiB. Ocobiu-
BOCTi PO3IMOMiNly T€HOTUITIB MPU3BEINU OO0 BigXu-
JIGHHSI BiJl piBHOBaXKHOTO CTaHy 3a Xapi-BaiiH-
OepromM, 110 CBIIYUTH MHpPO BIUIMB A000pPY, abo
Ipeiid reHiB.

Y T1abn. 2 HaBeneHO AaHi CTOCOBHO OCOOJIM-
BOCTE TE€HETMYHOI CTPYKTYypHW IIOMYJISLil KOpiB
TOJIUTUHCBHKOI MOPOAM 3a BCiMa BUSIBACHUMU IO-
JiMOPp(HUMU JIOKYCaMHU.

3arajpHi TmapamMeTpu TeHEeTUYHOI MiHJIMBOCTI
JOCJIIHOI IMOIYJISLIl 3a BUSBICHUMM ITOJIMOP(P-
HUMM JIOKyCcaMU HaBelIeHO y Taou. 3.

Tabauys 3. OCHOBHI reHEeTHKO-TONYJISAiiiHI XapAKTEPUCTHKH JOCHIIHOI mopoau Kopis 3a jJokycamu CSN2 ta TNF-a.

Jlokyc C, n, H, H, F,

CSN2 0,657 1,522 0,337 0,343 0,018
TNF-o. Sacl 0,505 1,980 0,479 0,495 0,033
TNF-o. Rsal 0,503 1,988 0,622 0,497 —0,252

Ipumimka. C, — xoedili€HT TOMO3UTOTHOCTI; N, — KiJIbKICTb €(heKTMBHUX anetiB; H — (akTuyHa rerepo3uroTHicTs;
H, — ouikyBaHna rerepo3urortHicts; F, — innekc ¢ikcauii Paiita.

Tabauys 4. TloKa3HUKH cepeAHbOT0 HAI0I0 OCOOMH 3 Pi3HUMH FeHOTHUNAMM 32 BHUSIBJIEHUMHU

noaiMopduumu Jgokycamu (M £ SE)

Jlokyc Tenotun
Ilepwa naxmayis
CSN2 A'A! AlA? A’A?
7182,4 + 312,63° 8313,1 + 178,16 8428,9 + 148,25°
TNF-o. Sacl AA AG GG
8203,1 *+ 244.12° 8364,5 + 191,04° 8365,6 + 263,51°
TNF-a Rsal CC CT TT
8571,8 + 236,01° 8160,1 + 197,87¢ 8810,8 + 434,76°
Jpyea naxkmauyis
CSN2 A'A! AlA? AA?
9345,6 + 685,54* 9728,2 + 273,56 9905,3 + 221,01°
TNF-a Sacl AA AG GG
9994,9 + 389,63° 10063,3 + 262,67* 9581,0 + 332,23°
TNF-a. Rsal CC CT TT

10262,1 £ 453.45° 9955,8 £ 257,66

9953,2 £ 548,97°

Ilpumimka. Pi3Hi iHgexcu (a, b) BKa3yloTh Ha BipOTiAHICTb pi3HMIIi, 30ir iHIEKCiB BKa3y€ Ha BiICYTHICTb BipOril-

HOCTIi pi3HUILII.
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Ha napyromy erami [pociiikeHb TPOBEAEHO
aHaJli3 3HaYeHb CTAHAAPTHOIO HAJIOI0 3a IBOMA
JIaKTaliIMUA JUIs1 OCOOMH 3 Pi3HUMM T€HOTUIAMM
32 BUSBJICHUMU MOJiMOP(MHUMU JIOKycamMu. 3Ha-
YEHHS MOKAa3HMKIB HAJO0I0 [IJII OCOOMH 3a Pi3HU-
MM T€HOTUIIaMU HaBeleHo y TabJ. 4.

3a pe3yJabTaTaMu €KCIIEPUMEHTY CTOCOBHO JIO-
Kycy OeTa-kKaseiHy [Uis1 IIepluoi JjakTalii BcTa-
HOBJICHO, 1110 OCOOMHU 3 reHoTurioM A’A? xapak-
TePU3YIOThCSI BipOTIAHO BUILMM 3HAYEHHSM Ha-
JIOI0 TIOPIBHSIHO 3 OCOOMHAMM 3 TeHOTUIIOM A'Al
(p = 0,042). PizHuLs MK 3HAaYEHHSIM HaIO0 IS
TOMO3UTOTHUX 0coOuMH mepeBulye 1200 kr. Te-
TePO3UTrOTHI OCOOMHM 3aliMalOTh MPOMIXHE IIO-
JIOXKEHHSI.

Ha gpyry nakraiiro cutyailis Ie1o 3MiHIOETh-
ca. 'omo3uroTHi ocobmHM 3a ameneM A’ TaKOX
JEeMOHCTPYIOTh MaKCHUMaJbHi 3HAYEHHSI HAlOl0 Y
MOPiBHSIHHI 3 OCOOMHAMM 3 iHIIMMU T€HOTUMA-
MU, ajie pi3HULS He € gocToBipHoto (p = 0,749).
[MepeBuiiieHHs 3HaYeHb TTOKA3HUKY Hocsrae 560 Kr.
BiacyTHicTb BiporinHOCTi BiiMiHHOCTEl Ha TJIi Ha-
SIBHOT TEHACHIII MOXHA TMOSCHUTU MajluM 00’e-
MOM BMOipKK 0cOOMH 3 reHoturiom A'A! (n = 5).
Y Oyap sikoMy pasi, pe3yJbTaTh CTaTUCTUYHOTO
aHaJli3y JAEMOHCTPYIOTh MEePCHEKTUBHICTh MPOBE-
JEHHSI MOJaJbIIMX AOCTIIKEHb 3 00O0B’SI3KOBUM
301IbIIIEHHSIM BUOIpKOBOI CYKYITHOCTI TBapHH.

3a reHOM (aKTOpy HEKpo3y MyXJIMHU aidbda
3a oboma IoJiMOP(PHUMU CUCTEMaMHU BipOTiTHUX
BiIMIHHOCTE! 3a IMOKA3HMKOM CTaHIAapTHOTO Ha-
JIOI0 3a JIBOMa JIaKTallisiMM MiX OCOOMHaMM 3
pi3HUMM TeHOTUIIaMu He BusBIeHO. Ilpuiimaro-
Yy OO yBaru 3arajbHy CIIPSIMOBAHICTh Traiy3i MO-
JIOYHOTO CKOTapCTBa Ha OTPUMAHHS eKCIIepUMEH-
TaJIbHUX TPYyN TBApUH-TIPOAYLEHTIB A2 MoJoKa
Ha TJi akTyaji3allil MUTaHb 3 MOKpallleHHs aaarn-
TalliliHUX SIKOCTe BeJMKOI poraToi XyaoOu, Bif-
CYTHICTb KOHTPIPOAYKTUBHOTO e(deKTy Bia pi3-
HUX ajleJIbHUX BapiaHTiB reHy TNF-o, SIK OIHOIO
3 HAWOIIBII MEepPCIEKTUBHUX TeHIB-KaHAWUIATIB Y
KOHTEKCTI PE3MCTEHTHOCTI IO 3axXBOPIOBaHb, €,
0€3yMOBHO, MO3UTUBHUM (haKTOPOM.

HagBHicTh BiporigHoi pi3HUIII MiX ITOKa3HU-
KaMy CTaHJApTHOTO HAAOK ISl KOPIiB 3 Pi3HUMU
TeHOTUIIaMHU 3a JIOKYCOM OeTa-Ka3eiHy ITinTBep/-
KYETbCS pOOOTAMM HU3KM aBTOPiB, 10 MPOBO-
JIUIMCS HA KOMEPLIiHHUX Ta JOKaJbHUX MOpoaax
Benukoi poraroi xymoou (Kumar et al, 2019;
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Ivankovi¢ et al, 2021). [laHi CTOCOBHO IiaBUILE-
HUX 3HaYeHb HAO0, SKi € XapaKTepHUMM ISt
OCOOMH TOJIIITHHCHKOI TMOPOIM 3 T€HOTUIIOM A2A2
MiATBEPAXYIOTbCSI  pe3yjJbTaTaMu, OTPUMaHUMU
Olenski 3i criiBaBropamu y ITombii, a Takox Ris-
tanic 3i cmiBaBTOopamu y Cepb0ii (Olenski et al,
2010; Ristanic et al, 2020).

IlinBuileHi 3HaYeHHSI HAaAOl y KOPIB 3 TOMO-
3UTOTHUM 3a ajiejieM A’ TeHOTUIIOM € IOAaTKO-
BOIO TIO3UTMBHOIO TIEPEIYMOBOIO IS TIPOBEICH-
HsI MapkKep-acolliloBaHOI cejieKlii B HaIlpsaMy
OTPMMAaHHS MpPOAYLEHTIB A2 MoJoKa, 110 €
0CO0JIMBO aKTyaJIbHUM Y KOHTEKCTi TUTaHHSI 0e3-
MEeYHOoI Ta OpraHiuHOoiI MPOAYKIIil TBAPMHHUIITBA.

BucnoBku. 3a pesyjabTaTaMu MPOBEASHUX TOC-
JIiKEHb BCTAHOBJIEHO OCOOJIMBOCTI T€HETUUYHOI
CTPYKTYpU TIOIYJISILIT KOPiB TOJIUTUHCHKOI MO-
poau, sika po3BOAMTLCS B YKpaiHi, 3a JIOKycaMu
oeta-kazeiHy (CSN2) ta ¢akTopy HEKpo3y ITyX-
quHn anbda (TNF-o). JloBeaeHo, 1110 oOMIBa
JIOKyCU € moJiMOpdHMMM 3a TpbOMa MapKep-
HUMHW CUCTEMaMU y JOCIAHIN TMOMyJsILil KOpiB.
3a KOXHUM 3 MOJiMOPGHUX JIOKYCiB BCTAHOBJIE-
HO OCHOBHI T€HETMKO-MOMYJSLiiHI MapaMeTpH.
3a pesdyJabTaTaMu aHalizy mapaMeTpiB MOJOYHOI
MPOAYKTUBHOCTI OCOOMH 3 Pi3HUMU T€HOTUIIAMU
3a JIOKyCOM OeTa-KaseiHy 3’SICOBaHO, 110 OCOOU-
HU 3 TeHOTUIIOM A2A? XapaKTepU3yrThCsl Oilb-
LIIXUMHU 3HAYEHHSIMU CTaHAApPTHOTO HAIOol0 y TIO-
piBHSIHHI 3 ocobuHamMu 3 TreHoTUurnoM A'Al
(p = 0,042). 3a Sacl- Ta Rsal-momimopdizmom
reHa TNF-o BiporinHMX BiIMiHHOCTeIl 3a mapa-
METPOM CTaHAAPTHOI'O HAAOIO 3a ABi JIaKTallil MixX
0COOMHAaMU 3 Pi3HUMU F€HOTUIIAMU HE BUSBIIEHO.

Jlompumanna emuunux cmandapmie. J1ocCiiaKeH-
HsI MPOBENECHI 32 BUKOPUCTAHHS ILiJIbHOI KPOBi B
SIKOCTI JIKepesa 0ioJIoriYHOTO MaTepiay, ska Oy-
Jla OTpMMaHa BiJi BeTepUHApHOI CJIYyXOu rocIo-
JapcTBa 3 PO3BEICHHS Ta YTPUMaHHS BEJIUKOI
poraToi xymnoou.

Konghaixm inmepecie. ABTOpHY 1eKJIapyOTh BiICyT-
HicTb KOHMJIIKTY iHTepeciB.

Dinancysanns. JIoCTiIKeHHS TIPOBEACHI B MeXax
(¢iHaHCYBaHHS HAayKOBO-HOCJIZHOI poOOTH 3a Te-
Moo Nel110/8-mp-2022 «Po3poObuTi TEXHOJIOTiI0
MOJIEKYJISIPHO-TEHETUYHOTO 3a0e3MeUeHHsI CeJleK-
LIHOTO IPOLECY 3i CTBOPEHHSI CTad KOpPiB-Ipo-
IYLIEHTIB A2 MOJIOKa».

ISSN 0564—3783. Llumonoeis i eenemuxa. 2024. T. 58. Ne 1



[ | Iloaimoppizm eenie CSN2 ma TNF-a y nonyasauii kopie 2oammuncokoi nopoou [ |

CSN2 AND TNF-o. GENE POLYMORPHISM
IN HOLSTEIN CATTLE RAISED IN UKRAINE
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The genetic structure of the Holstein cattle population
raised in Ukraine was studied by beta-casein and tumor
necrosis factor alpha gene polymorphism. Polymorphism
of the beta-casein gene (CSN2) was analyzed by A!
and A’ allelic variants using allele-specific PCR (AS-
PCR) and the tumor necrosis factor alpha (7NF-a)
gene using PCR with restriction fragment length
polymorphism analysis (PCR-RFLP) that included
the Sacl-polymorphism in the promoter region of the
gene (marker mutation —824A > G) and the Rsal-
polymorphism in the fourth exon. It was demonstrated
that both loci are polymorphic in the research cattle
population. For each of the polymorphic loci, main
genetic parameters of the Holstein cattle population
were determined. For the CSNZ2 locus, a significant
prevalence of allele A? frequency over A! was established
(0.78 versus 0.22). In the case of the Sacl- and Rsal-
polymorphisms of TNF-a, maximum values (1.980 and
1.988) were found for the locus’s polymorphism level
(number of effective alleles). For both TNF-o gene
mutations, actual parity was established by distribution of
allele frequencies (0.55 and 0.45 for Sacl-polymorphism;
0.54 and 0.46 for Rsal-polymorphism). Regarding the
Rsal-polymorphism in the fourth exon of TNF-a, there
was a deviation from the state of genetic equilibrium
according to Hardy-Weinberg, with a significant excess
the number of heterozygous individuals (25 %) in the
research population. Analysis of the milk production
of individuals with different CSN2 genotypes revealed
that individuals with the A2A? genotype had higher
standard milk yields compared to individuals with the
A'A! genotype (p = 0.042). There were no significant
differences in milk yield for two lactations between
individuals with different genotypes by Sacl- and Rsal-
polymorphisms of the TNF-a gene.
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