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Annomayun. CHIXCHUE S5KOHOMUYECKHX TOTEPh, YIyUIICHHOE HCIIOIb30BaHUE KOPMOB, COXpa-
HEHHE 3[TOPOBbBS U TOBHIIIIEHUE KAYECTBA TOTOBOM MPOTYKIMH B KHBOTHOBOTYECKON OTPACTH — OCHOBHBIE
3a[1a4d, KOTOPBIE HEOOXOMMO PEIIUTh. YUEHBIE BCETO MHUPA YK€ MPEAJIaraloT MCIOIb30BaTh KUBOTHBIX
M0 MX TeHETHYECKOMY OTOOpY, XapaKTepU3yIolleMy KauecTBEHHbIe (eHOTHIHYecKHne npu3Haku. [Ipume-
HSIIOTCSI CIOCOOBI M3MEPEHUS] BHEITHUX JAHHBIX M MSCHBIX Ka4eCTB KPYIHOI'O POraToro CKoTa ¢ UCHOJb-
30BaHHEM TIEPEIOBBIX CUCTEM PACIIO3HABAHUSI TEJl KUBBIX KHUBOTHBIX, BKITIOUAIOIINX KaMephl TITyOHHEBI U
MSTKOW PEKOHCTPYKIUU TpexMepHOU (Gopmbl. Tem He MeHEe OJHHM U3 KPUTEPUEB OICHKH YXHBOTHBIX
MOXXET OBITh aHaJM3 TEHETUYECKOTr0 OaHKa MHUKPOOPTaHU3MOB, TECHO CBS3aHHOTO C (DYHKIIMOHATHHOU
AKTUBHOCTBIO MHUIIIEBAPUTEIBHON CUCTEMBI KMBOTHOTO. KOMIIEKCHAs OIIEHKA 3KCIIPECCHH T€HOB, TaKCO-
HOMUYECKOH CTPYKTYPBl MHKPOOHMOMA, IKCTEPHEPHBIX XapaKTEPUCTHUK U MICHOI MPOTYKTHBHOCTU B CO-
BOKYITHOCTH Oy/IeT JaBaTh 0Oojiee TOYHBIE IPOTHO3BI [0 MCIOJIB30BAaHMIO, OTOOPY JKMBOTHBIX. B Hamem
WCCIICIOBAaHUM TIPUBOJISATCS PE3yJIbTaThl MeTareHOMHOro cekBeHupoBanus (NGS) kuIeqHoro comepxu-
Moro Mojoguska (n=40), BEIpamyBaeMOro Ha OTKOPMOYHOM IUTOMIAKE, H TIPOBOJUTCS AHHOTAIUS CBSA3H
MHUKPOOHOMA C €ro JKUBBIM BECOM M CTEICHBIO MPAMOPHOCTH, MPEICKA3bIBAIOTCS META00IMYECKHE Ty TH,
C KOTOPBIMH OBIIM CBA3aHBI 3TH TeHBI. B xone ananmmsa (LEfSe) ycTaHOBIEHO TAKCOHOMUYECKOE OTIHYHE
B KHIIEYHOM COJIEP>KUMOM Y >KUBOTHBIX, MIMEIOIINX BBICOKYIO M HU3KYIO KUBYIO Maccy, poaa Clostridium
sensu stricto, Clostridium X1Va, Treponema, npeo0iiajany y KHUBOTHBIX, UMEIONUX 0o0Jiee HU3KYIO JKH-
BYIO Maccy.

Kniwoueegvie cnosa: XpynHBI poraTelii CKOT, TENKH, abepAWH-aHTyCCKas MMOpoja, KUBas Mmacca,
MpPaMOPHOCTh, MUKPOOHOM KHUIIICYHHKA, (YHKIIMOHATBHBIN MPOTHO3, META00THYECKUE Ty TH
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Abstract. Reducing economic losses, improving feed utilization, maintaining health and improv-
ing the quality of finished products in the livestock industry are the main tasks that need to be solved. Sci-
entists around the world are already proposing to use animals based on their genetic selection, which char-
acterizes high-quality phenotypic traits. Methods are used to measure the external data and meat qualities
of cattle using advanced systems for recognizing live animal bodies, including depth cameras and soft re-
construction of three-dimensional shape. However, one of the criteria for assessing animals can be the
analysis of the genetic bank of microorganisms, closely related to the functional activity of the animal's
digestive system. A comprehensive assessment of gene expression, taxonomic structure of the microbi-
ome, exterior characteristics and meat productivity in combination will provide more accurate forecasts
for the use and selection of animals. Our study presents the results of metagenomic sequencing (NGS) of
the intestinal contents of young animals (n=40) raised in a feedlot, and annotates the association of the
microbiome with their live weight and marbling degree, predicting the metabolic pathways with which
these genes were associated. The analysis (LEfSe) revealed a taxonomic difference in the intestinal con-
tents of animals with high and low live weight, the genera Clostridium sensu stricto, Clostridium XlVa,
Treponema were predominant in animals with lower live weight.

Keywords: cattle, heifers, Aberdeen Angus breed, live weight, marbling, intestinal microbiome,
functional prognosis, metabolic pathways
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BBenenue.

OT100p U CeneKIus KPpyImHOrO POraToro CKOTa ¢ HAaWTyYIINMH MPOAYKTUBHBIMHU TIOKA3aTEIISIMHA 3a-
4acTyl0 OCHOBBIBAIOTCSI HAa aHAJN3€ YKCIIPECCUH TEHOB C BBIIBICHHEM MHOXKECTBA (DyHKIIMOHAIBHBIX JIO-
KyCOB, CBSI3aHHBIX C (DEeHOTHITUYECKUMU mposBicHusMu opranusma (Al-Husseini W et al., 2014; Gerasi-
mov NP et al., 2023). Takxe O1arogapsi pa3BUTHIO HAYKH CTaJIA MPUMEHATHCSA CTIOCOOBI U METOBI OICH-
KM JKMBOTHBIX, O0JIer4aromine SKCIepTH3y BBISBIEHHS Moje3HbIX npu3HakoB (Ruchay A et al., 2022). B
IocjaeHee BpeMsl HCCIIeNOBAaTeIN C LENbI0 YIyYIICHHS CTajJa W IOoKa3aTeleld MPOAYKTUBHOCTH CTaIH
yAETATH OOJNbIIe BHUMAHUS TEHETHIECKOMY OaHKY MHUKPOOPTaHH3MOB, HACEISIONINX PA3IHIHBIEC OTAEIHI
MHUIIEBAPUTENFHOTO TpakTa xkuBOoTHOTO (Jami E and Mizrahi I, 2012; Deryabin D et al., 2024), ans Bo3-
MOKHOCTH PaCITUPEHUS] KOMIUIEKCHOH OIICHKH >XUBOTHBIX. MUKpOOpPTraHW3MaM OTBOIUTCS BaKHEHIIas
ponb B (pepMEHTHPOBAHMHU CTPYKTYPHBIX M HECTPYKTYpHBIX yrieBojaoB (Gharechahi J et al., 2021) Ha
MPOTSDKEHUH BCETo mumieBaputeabHoro mytu (Xu Q et al., 2021), 601pIIMHCTBO 3a00I€BaHUHN KUBOTHBIX
Takxe TecHo cBs3aHo ¢ HUMHU (Jang D et al., 2018). Tak, U3BeCTHO O CBSI3U MEXKIY TaKCOHOMHUYECKOU
CTPYKTYpOH OaKTepHuaaIbHOTO COOOIIECTBA U OcTaTOUYHBIM moTpednerneM kopma (Lopes DRG et al., 2021;
Liu Y et al., 2022), oT &maHHOTrO TIOKa3aTeNisi 3aBUCHUT, HA CKOJBLKO JKUBOTHOE OyIeT MPOAYKTHBHEE
(Jiang H et al., 2021; Chen B et al., 2022). metoTcs TaHHBIC O CBS3H OaKTepwii U 00pa30BaHUU Pa3Iny-
HBIX BEIIECTB, MPHHUMAIOMNX ydacTre B Metabommme (Moszak M et al., 2020). K ocHOBHBIM OTpsizam,
YYaCTBYIOIIUM B (DepMEHTAIlMHM YTIIEBOJOB Yy KPYITHOT'O pPOTAaTOr0 CKOTa, OTHOCAT Bacteroidales wn
Clostridiales, Ruminococcus n Fibrobacter, a Taxxe Succinovibrionaceae (Wallace RJ et al., 2015).
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OT BBIPAOOTKHU TEX WM UHBIX OCIKOB M ()epPMEHTOB OyayT 3aBHCETh MyTH HaKOIJICHUS U popmu-
pOBaHMA MBIIIEYHOW M XHUpoBoil TkaHu B opranusme (Hart EH et al., 2018), uro B KOHEYHOM HTOTE Xa-
pakrepusyet kadecTBo npoaykiuu (Li Z et al., 2023). Pesynbrarsl uccienoBanuii in vitro (Lebeis SL et
al., 2015) moka3aiu, 9To TeHbI OpraHu3Ma BIUSIOT Ha popMupoBaHue MUKpoOHOTO coobmiecta. [To Beeit
BUJIMMOCTH, JTAHHOE SIBJIEHHE CBS3aHO CO CIIOCOOHOCTHIO MpokaproToB npuodperars JJHK u3 oxpyxaro-
el UX CpejIbl MOCPEICTBOM MEXaHW3MOB TOPHU30HTAIBHOTO TiepeHoca reHoB (Tabrett A and Horton MW,
2020).

Takum 00pazoM, M3ydeHHE TAKCOHOMUYECKOW CTPYKTYphl OaKTEpHaIBLHOTO COOOIIECTBA U e
(hYyHKIIMOHATBFHON CBSI3U ¢ META0OIMYECKUME PEAKIHMSIMU B OpTaHW3ME KPYITHOTO POTaToro CKOTa, CO-
NPSOKEHHBIMA € (PCHOTHITHYESCKIMHI TPOSBICHUSIMIE, OCTAETCS HHTEPECHOM U aKTyaIbHOH 3a1aueH.

eab uccienoBanms.

BrisiBUTH paznuuns B TAKCOHOMUYECKON CTPYKTYpPE KHUIIIEYHOTO COIEPKUMOTO Y MICHOTO CKOTa U
OTIPEJICNIUTh B3aUMOCBS3b MEKAY MOKazaTelsiMu (DEHOTHIMHYECKUX XapaKTePUCTUK (KHBas Macca U CTe-
IICHb MpaMOpHOCTI/I) " KUIIICYHBIM MI/IKpO6I/IOMOM.

MartepuaJjbl H METOABI HCCJIEI0OBAHNS.

OobekT ucciaeroBanus. MonoaHsK (TEMTKK) KPYITHOTO POraToro cKoTa abepIMH-aHTyCCKOM MOPO/IbI.
OO0cnyXUBaHUE KUBOTHBIX W AKCICPUMEHTAIBHBIC UCCIEAOBAHMS OBUIM BBIIOJHEHBI B COOTBETCTBHH C
UHCTPYKIHUSAMU M PEKOMEHIAIMSIMH HOPMATHUBHBIX aKTOB: MOJEIbHBIN 3aK0OH MeKImapiaMeHTCKOH Ac-
cambien rocynapctB-yuactHukoB ConpyxectBa HezaBucumbix ['ocymapetB "OO oOpamieHUd ¢ KHBOT-
HeiMH", cT. 20 (mocranoBiieHne MA rocymapctB-ydacTHuKOB CHI™ Ne 29-17 ot 31.10.2007 T.), mpoToKo-
161 JKeHeBCKOH KOHBEHITMHN W MIPWHINIIBL HaAJIeKamel taboparopHoii npaktuku (HanmmoHansHBINH cTaH-
napt Poccuiickoit deneparnuu 'OCT P 53434-2009), PykoBoscTBO o pabote ¢ 1a00paTOPHBIMU >KUBOT-
HeiMu (http://fncbst.ru/?page 1d=3553). IIpu mpoBeneHUN UCCIEIOBAHUA OB MPEANPUHATHI MEPHI IS
obecrieueHUsSI MUHIMYMa CTPaaHUi )KHBOTHBIX M YMEHBIICHUS KOJIMYECTBA MCCIECTYyEMbIX OIBITHBIX 00-
pasmoB. Bce mporenypsl Hajl sKHBOTHRIME OBLTH BEITIOTHEHBI B COOTBETCTBUM C IipaBuiamu Komutera 1mo
atuke xuBoTHRIX OHI[ BCT PAH.

Cxema s3xcnepumenta. JKusotHbie (n=40) comepkajluch B OTACIBHON TPYIIE HA OTKOPMOYHOM
wiomanke B Kocrpomckort obmactu (Poccus). Onu Obutm OfHOTO Tojia W Bo3pacrta (532+1,43 nmHs).
YcnoBus KOPMIICHUSI U COJICPKAHNS CTAHIAPTU3UPOBAHEI IS BCel Tpymiibl. TEmkaM naBaiu KOpMOCMECH,
COCTOSIIYIO U3 COYHBIX M KOHLIEHTPUPOBaHHBIX KopMOB. Parmon conepxan 53,5 % cyxoro Bewectsa, 11,75
% oOenka, 10,3 % wreruarky, 2,35 % sxwupa, 5,4 % 3ombl [lo 3aBeprieHnr OTKOpMa CKOT ObLI 3a0WMT Ha
KOMMepYecKoi 0oiiHe, IprHaIexaleld MaconepepadaTrIBatomeMy 3aBoy. JKUBOTHBIX HASHTU(HIIMPOBAII
¢ niomonipto RFID-uwmrma, a Tymm — ¢ moMOIIBI0 METOK M OXJIXAAIHA B TeueHue 24-48 yacoB mociie 3a00s.
Ilocne oxnaxaeHWs TyIly pasaesblBald Ha TOBapHbBIE KyCKH. Mopdosornyeckue XapaKTepUCTHKH
JKUBOTHBIX OIICHWBAIA B COOTBETCTBUM C PEKOMCHIAIMAMH, ONYyONWKOBaHHBEIMH KoMuTeTOM 110
KOHTPOJIO 32 COJACpP)KaHHEM U  HCIOJB30BAaHHEM J1a0OpPaTOPHBIX JKUBOTHEIX — DenepanbHOTO
HCCIIEIOBATENILCKOTO IIEHTpa OMOJIOTMYECKUX CHCTEM M arpoTexXHoJIoTui Poccuiickoil akajzeMuu Hayk
(®HII BCT PAH).

OOpasnpl  COAEPKUMOTO  MPsAMOM KWK  (rectum) B  komuwdectBe (n=40) oTOupain
WHIWBUIYATBHO OT KaXKAOH TOJIOBHI, CIOCOOOM PYYHBIM 3aXBaTOM H3 aMITyJI000pa3HOTO PACIIMPEHHUS, C
MOCJICTYIOIIUM MOMENICHHEM WX B Mukporpobupku Tuma «Eppendorf» o6sémom 1,5 mi, conepxamrue
xoHcepBaHT DNA/RNA Shield (Zymo Research, CIIIA). XpaneHnue u TpaHCHOPTHPOBKY OCYIIECTBIISIIN
1o UcnerrarensHoro nentpa ®HI BCT PAH B Mopo3uiibHO# Kamepe.

WNHunekcrl anbda- u 6eTa-pazHooOpa3ust ObUIM PACCUMTAaHBI B COOTBETCTBUM C PEKOMEHAALUSIMHU
(Liu YX et al., 2021) ¢ ucrions3oBanueM nporpammsl PAST 4.13, koTopble ObUIH ITPEACTaBICHBI C TIOMO-
IIbI0 aHaJIM3a OCHOBHBIX KoopauHaT (PCoA).

OmnpenencHre TeHOMa MUKPOOPTaHU3MOB COJEPKUMOT0 KUIICYHUKA OCYIIECTBISLTH ¢ TIOMOIIBIO
cucteMbl cekBeHupoBanus MiSeq («lllumina», CIIIA) MeToOM CEKBEHUPOBAHHS HOBOTO ITOKOJICHHS
(NGS). Toranpayro JHK u3 00pa3iioB COAEPKUMOTO KHIICYHUKA BBIJCISAIN TMPH IMOMOIIM Habopa
FastDNA® SPIN Kit for Faeces («MP Biomedicals Inc.», Solon, OH, CIIIA) ¢ wucmoibp30BaHHEM
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m3upytomero Matpukca Lysing Matrix E. O6pasubsl romorenusupoBaimn Ha npubope TissueLyser LT
(«Qiagen», Venlo, Hunepnanasr). Bpemst romoreHu3anny ObUI0 yBETHUSHO 10 5 MUHYT IO CPaBHEHHIO C
npotokojioM mnpousBoautens. KauectBo BbeienenHodt [IHK mnpoBepsimiu mMeTonoM TOPU30HTaIBLHOTO
anektpodopesa B 1 % arapo3Hom rene, U creKTpo(hOTOMETPHUECKUM METoaoM Ha mpubope Nanodrop
8000 («Thermo Fisher Scientific», Waltham, MA, CILA). Konuenrparnuro THK n3mepsnm Ha npudope
Qubit 4 Fluorometer («Life Technologies», Carlsbad, CA, CILIA) npu nomoru Habopa dsDNA High Sen-
sitivity Assay Kit.

[Mpurorosinenne JIHK-OMOMMOTEK BBIMOJIHEHO B COOTBETCTBUHU ¢ mporokosiom Illumina (Part
#15044223, Rev. B.). AMmiukons! peruona V3-4 rera 16S SSU rRNA ObutH MOSTydeHBI C HCIIOIB30BAHM-
eMm mpaiiMmepoB S-D-Bact-0341-b-S-17 u S-D-Bact-0785-a-A-21. IlapHOKOHIICBOE CEKBEHHUPOBAHUE aM-
mmkoHoBbIX JIHK-0mbnuorek Obuto BhIMONHEHO Ha tuiatgopme Illumina MiSeq ¢ wmcmosib3oBaHHEeM
Habopa peakTnBoB MiSeq Reagent Kit v.3 (600-cycle) («Illuminay, San Diego, CA, CILIA).

JlaHHBIE CEKBEHUPOBaHUs TOABEPrayiuch OMOMH(popMaTHnIeckoi 0OpadOTKe MOATAIHO. Y ajieHHe
npaiimepoB-agantepoB (-g CCTACGGGAGGCAGCAGTG -G GACTACACGGGTATCTA -e 0.2 --
discard-untrimmed), cnusame (-fastq mergepairs -fastq maxdiffs 10 -fastq pctid 80), unpTpamnms
(fastq_filter: -minlen 400 (bp), -maxee 1,0), neperunkanus (-fastx _uniques), xracTepru3anys Ha YpOBHE
97 % (anroputm UPARSE), rino6amsHoe BhIpaBHHBaHue (usearch global: -strand plus -id 0.97). U3
JabHEHIero anamu3a ObUIM yAaJIeHbl CHHTIITOHBI M NAaONTOHBI (IIOCIEIOBATEIHHOCTH, BCTPEUYAIOIIUECS
OIHOKPATHO WM JIBaXHbl). Pe3ymbTaTel CEKBEHHUpPOBaHHMA 0OpabaTHIBaIM C WCIONB30BAHUEM IIaKeTa
ananmu3za nanaeix MATLAB R2020a (9.12.0.1884302) («MathWorks, Inc.»,CIIIA).

[IporHo3upoBaHne QpyHKIIMOHAIBHON CBS3M METareHOMa KHUINEYHUKA M XO3SHCTBEHHBIX IpPU3HA-
KOB OCYIIECTBIISLTN ¢ TToMotbio nHCTpyMeHTa PICRUSt] ¢ 6a3oii nanasix KEGG PATHWAY: Metabolic
pathways (KEGG ENZYME). PesynbTar aHanm3a mpenckasbiBall KOJUYECTBO T'€HOB, yYaCTBYIONIMX B
MeTa00JIMIECKIX MM XUMUUECKHUX MyTSX.

OO6opynoBanue U Texuuueckue cpeincra. Mccnenosanus BemmonHensl B LUKIT BCT PAH (r.
OpenoOypr) (http://ukn-6ct.pp) wm  mertpa  HKII  «llepcucreHiuss ~ MHKPOOPTaHH3MOBY
(https://ikvs.info/institut/labora-torii/czkp/) MHCTUTYTa KIETOYHOTO M BHYTPHKJIETOYHOTO cuMOno3a YpO
PAH (r. Open0ypr, Poccust).

CratucTnyeckasi odpadorka. JIMHEHHYIO KOPPEISIIMIO MEXIY IOKa3aTelIsIMH JKMBOM Macchl
JKUBOTHBIX M OaKTEpPHAJIBHBIM COOOIIECTBOM pPACCUUTHIBAIA C IMOMOINBIO ITAKETAa CTATHCTHYECKOTO
anamm3a «GraphPad Software Prism 8.0.1» («GraphPad Software Inc.», CILA), rme B kadecTse
nepeMeHHbIX BbicTynanu onpeaenéaasie OTUs. [IpoBepky penpe3eHTaTHBHOCTH, CTATHCTHYECKHN aHAJIN3
MOJTYYCHHBIX TAHHBIX U MMOCTPOEHHE TPA(HKOB OCYIIECTBIISIN C MMOMOIIBIO IPOTPAMMHOTO 00ECTICUCHHS
«GraphPad Software Prism 8.0.1» (CILIA). JlaHHbIE CYHMTAIUCh BBICOKO MoCcTOBepHBIMU mpu P<0,01,
P<0,05 — 3nauumocts, P<0,1 — paznuuus Ha ypoBHE CTATUCTUYECKON TEHICHIIUU.

Pe3ynbTaThl nccaeq0BaHMIA.

Jliis cpaBHEHHS MCCIIeMyeMbIX IMOKa3aTeNeld )KUBOTHbIC ObUTH pa3zelieHbl Ha JiBe Ipynmsl 1o 20 ro-
JIOB B K&XKJIOW MO CleAyoleMy MPHUHIIMIY — B TPYIIY CO CpelHel *)uBoil maccord mi (601,2+2,63 kr)
BOIIUTH JKWBOTHEIE, MMerome kauectBo MpamopHoctd Top Choice, Choice, B rpymmy m; —Co cpenHeit
JKUBOH Maccol (644,8 + 2,84 Kr) U cTeneHpro HakormieHus xxupa Prime, Choice.

Takconomuueckas cmpyKkmypa MUKpoOOUOMO8 KUUEUHO20 COOEPHCUMOZ0 8 SPYNNAX HCUBOMHBIX C
arcusott maccou m; u my. OOIee KOJIMIECTBO MOJMYYCHHBIX MOCIEI0BATEILHOCTEH cocTaBmio 874 137,
KoTopble ObpuM crpymmupoBansl B 22 119 OTU c xnacrepusauueii Ha ypoBHe 97 %. B kumednom
COJICP’)KMMOM TPUCYTCTBOBAIM THIIBI OakTepuii, B HamOOJIbIIEH nojie oTHOcsAIMecs Kk Firmicutes (67,0-
67,7 %) u Bacteroidetes (20,8-21,2 %), B Mmenbmen none (2,6-7,3 %) NpUCyTCTBOBAIN THITHI OaKTEpHH,
oTHOcsmMecs K Proteobacteria, unclassified Bacteria, Spirochaetes, Actinobacteria, Candidatus Sac-
charibacteria, Tenericutes, Elusimicrobia, Campilobacterota, Verrucomicrobia, Synergistetes,
Fibrobacteres. B rpyIine >KHBOTHBIX C J)KMHBOH MaccOil m; HE yCTaHOBJICHO HalW4He OakTepuid (ruryma
Lentisphaerae, Deinococcus-Thermus, B TO BpeMs Kak B TPyNIIe )KUBOTHBIX C )KHBOH Maccoil m, JaHHBIC
TUNBl OakTepuil ObBUIM OOHApPYXKEHBI B CaMOW HE3HAYHMTENBHOH JOJIe IO OTHOIICHUIO KO BCEM
BBIsSIBIIEHHBIM MuKpoopranusmam (0,0057-0,0006 %) (puc. 1).
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Pucynok 1. OTHOCUTe/IbHOE 00H/IMe MUKPOOPTraHM3MOB KHIIEYHOI'0 COJIePKUMOI0 HA YPOBHE
(puyMOB VISl JKUBOTHBIX € 2KHBBIM BeCOM m; U mz, %
Figure 1. Relative abundance of microorganisms in the intestinal content at the phylum
level for animals with live weights m; and m2, %
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PaccunTannple mokazarenu WHIEKCOB anbda-paznoodpasus (Shannon (H), Evenness, Simpson 1-
D) 6aktepraibHOTO COOOIIECTBA KHIIEYHOTO COJICPKUMOTO B HEMapaMeTpruieckoM Tecte (t) CyIecTBeH-
HO HE pa3IMyaIuch MexAy rpynmamu my u m (t=0,51, yposens 3Hauumoctu P=0,60), B T0 *xe camoe
Bpems uHzuekc Chao-1 B cpaBHeHMHM Mexay TpyIIaMH m; U M, 4ETKO OTpaswyl pa3indusi B anbQa-
MHOroo0Opazmuu (t=8,2, yposens 3Haunmocta P<0,0001), sBnsiomemMcst Mepoii BUIOBOTO Pa3sHOOOpasws, B
mpeJieNiax dTUX OaKTepHaABHBIX COO0IEeCcTB (puc. 2a) U MHIEKC, MOKa3aTelb BUI0BOrO OorarcTa, Fisher
alpha (t=7,7 mocroBeprocts pasmmuuii P<0,0001) (puc. 2b).

i =8,253, <0, Unpaired t test (7,717, P value <0,0001
10000~ Urllpalredttest (t=8,253 Pvz:lue 0,0001) 10000 npaired t test (. value )
] j e
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1 1 -
s
j b E
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] 1 L Y
0- T (my) my)
(my) (mp) Groups
Groups

Pucynox 2. Ha pucyHke npeacrasiieHbl HHAeKChI ajbda-pasHoo0dpazus
(a — Chao-1; b - Fisher-alpha)
Figure 2. The figure shows alpha diversity indices (a — Chao-1; b - Fisher-alpha)
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Jlnst onpenenenus 6ojee TOUHOTO HAXOXKACHUS OTIUYHMA B TAKCOHOMHUYECKOW CTPYKType KHIIeU-
HOTO COZIEP>KUMOT0 Ha YPOBHE poJia B TPYMIIAX m; U My OBUT HCIIOJIB30BaH METO]] TIOMCKa paznu4aunii Line-
ar Discriminant Analysis Effect Size (LEfSe). Ananu3 BBISIBHI caMble BaXXHBIE pa3yIndus 10 ceMercTBaM
(puc. 3a) u poxam (puc. 3b) A TPYHIIBI TEMOK C KUBOW Maccod mp. TakKe YCTaHOBJICHO, Yy TPYIIIBI C
JKUBOHM Maccoi m; 07151 6akTepuil B KUIIIEYHOM COJIEPKUMOM, TIpecTaBieHHas pogamu Clostridium sensu
stricto, Clostridium X1Va, Treponema, Ovina Boite B cpegaem Ha 20,0 %, yem y rpynmnsl mp. B rpynme mo
mons pomoB ¢ Oomee BeicokmMmE 3HadeHWsMH OTU, orHOcsmmxcs k pomaM Mediterraneibacter,
Phascolarctobacterium, Succinivibrio, Monoglobus w unclassified Bacteroidales, 6vina Oomnbliie, yeM B
rpymme m;.
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Features

Fealures
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Pucynoxk 3. JIuHelinblii nuckpuMuHaHTHBI anaau3 (LDA) pa3mepa 3¢ dexra (LEfSe),
pa3Mep 3¢pdexTa ObLT HCIOJIB30BAH /ISl PACY€Ta TAKCOHOB, KOTOPHIE JIy4dllle BCero pasjHyajuch
Mek1y cemeiictBamu (a) 4 poaamu (b) mo rpynmaM m; 1 m;

Figure 3. Linear discriminant analysis (LDA) of the effect size (LEfSe), the effect size was used to
calculate the taxa that differed best between families (a) and genera (b) in groups m; and m;

UeMm MeHbIlle OOIIMX BHIIOB B COOOIIECTBaX MJIM B Pa3HBIX TOYKaxX IpajiieHTa, TeM BbIle OeTa-
pasHooOpasue, B rpymile >KUBOTHBIX C MAaccoii m; Mepa OICHKM CTENEeHH Pa3iuuuil MM CXOZCTBA
Whittaker O6puta Gonbime, weM B rpymme my (Tabn. 1). 3mauenue Routledge, koTopoe yuuThBaeT obmee
BUJIOBOE OOTaTCTBO U CTEIICHb COBIAJICHUS BHJIOB, B TPYIIAX M; U My UMEJIO pa3HbIC 3HAYCHUS. SHAUCHUSI
K03 (UIMEHTOB YKa3bIBaeT Ha Pa3iIHyMsi COOOLIECTB COACPKUMOTO KHUIIEYHHUKA Y HCCIENYyEeMBbIX TPYIII
JKUBOTHBIX B TecTe (Mann Whitney P=0,7733).

Tabnuma 1. Uaaekchl 0eTa-pa3Hoodpa3us 00pa3moB CoAep:KuMOro mpsamMoii kumku, (n=40)
Table 1. Indices of beta diversity of samples of the contents of the rectum, (n=40)

I'mo6aabHoe 6eTa-pazHoodpasue /Global beta diversities
Tpymmei/ Wilson-
Groups Whittaker | Harrison | Cody | Routledge Shmida Mourelle | Harrison 2 | Williams
m 2,68 0,134 5885 0,35336 9,1728 0,45864 0 0
m 2,60 0,137 4456  0,33429 8,0967  0,42614 0,10408 0,66415

KonmuecrBenHoe paccrosinue bpas-KepTrica cpaBHeHHs OaKTepHAIBHBIX COOOINECTB, BBISBHIIO
KOHTpACT 00IIe aucriepcuu Ha ypoBHE 36,2 % n 19,9 %, 9To MOXeT XapaKTepHu30BaTh AaHHBIE cOOOIIe-
CTBa Kak pa3o0IIEHHBIC WK Pa3HOBUIOBBIC (pHC. 4).
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Pucynok 4. Ananus (PCoA) 6eTa-pa3zHoo0Opa3usi 6aKkTepuaJIbHOr0 co001IEeCTBA, COAEP:KUMOT0
KHIIEYHUKA, B COOTBETCTBHH ¢ nHAeKkcoM bpasi-Kepruca, Ha ypoBHe ¢puinyma, Ha pucynke: 1 — my,

2—m2.

Figure 4. Analysis (PCoA) of the beta diversity of the bacterial community, intestinal contents, in
accordance with the Bray-Curtis index, at the phylum level, in figure: 1 — my, 2 — my.

OreHka CBSI3W WM W3MEHEHMS XO3SHCTBEHHBIX NMPH3HAKOB, KUBOM MAacChl Tela MCCIeIyeMbIX
JKUBOTHBIX ¢ OaKTepHaIbHBEIM COOOIIECTBOM KHIIEYHHWKA MMeJa OOLIMi BUZ ypaBHEHHS JHHEHHON pe-
TpeccMy 3aBHCHMOCTH >KMBOH Macchl (y) u kommdectBa OTUs. B rpymme m; wumeer BHJ
y(m)=600,7+0,0022*0TUs, R?>=0,98 0ToOpaskaeT TOYHOCTh MOCTPOCHHS MATEMATHYECKON MOJIEIH U CH-
Jy B3aMMOCBSI3U MEXIy Maccoil xuBoTHoro u 3HaueHueM OTUs, kputepuii @uniepa Obu1 paBern F=72,9
npu 3HaueHun P=0,091. B rpynme »)uBO¥ Macchl m, OO BUJ YpaBHEHHs TUHEHHON perpeccuu npe-
craBie y(my)=611,3+0,0612*OTUs, R*=0,36, xputepuii ®umepa — F=26,5 npu 3nauenuu P=9,36E-06.
Jansbie K03 (UIMEHTHl YKa3bIBAIOT HA MOJOXHUTEIBHYIO KOPPEIAIUOHHYIO CBSI3b MEXIy 3HAYCHHUEM
MAacChI )KUBOTHOT'O U TEHHBIM 0aHKOM COJIEP’KUMOTO KHUIIIeUHUKa (puc. 5).
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Pucynok 5. MogeJib, ONUCBHIBAIOIIAS JUHEHHYIO CBSA3b MeKAY 3HAYCHUSIMH KHBOH MaccChl
JKMBOTHBIX H KMIIIEeYHBIM MHUKPOOHOMOM Ha YPOBHE BbIICJICHHBIX (PMIIyMOB
Figure 5. A model describing the linear relationship between the values of animal body weight
and the intestinal microbiome at the level of isolated phylum

Oyenxa pasnuyutli 6 MemaboOIUUecKux Nymsx y JHCUGOMHBIX C PAIUYHBIMU (HEeHOMUNUUeCKUMU
NPOSAGNEHUAMU JHCUBOU MACCHI U CHeneHU MpaMOpHOCmY. YUUTHIBas, YTO TPYIIa XKUBOTHBIX CO CpeIHEH
JKUBOW Maccodl m; BKJIIOYaia >KUBOTHBIX C paszHoi cremeHbto MpamopHoctu Top Choice m Choice, a
TpyTIIa m; cocTosma U3 TE€NOoK ¢ Kareropusmu Prime u Choice, Heo0Xonumo ompenenuTs (GakTopsl, 00y-
CJIaBIIMBAOIINE OJMHAKOBBIN KHUBOH BEC JKUBOTHBIX, HECMOTPSI Ha Pa3IHdus B KATETOPUH MPaMOPHOCTH.
C or1oit nenpio ObUTO TIpOBeAeHO cpaBHeHue MeTtabommueckux nytei KEGG PATHWAY: Metabolic
pathways (KEGG ENZYME) y naHHBIX )KHBOTHBIX.

[Iporpamma BbISIBHIIA Pa3IUuus B pe3yJIbTaTax aHajIM3a BO3MOXHBIX METaOOJIMYECKUX IyTed y
JKUBOTHBIX B 3aBUCHMOCTH OT ()EHOTHITUYECKOM XapakTepucTuku (puc. 6). Tak, mporpamma chopMupoBa-
Ja U o0beAMHMIIA B OJMH KJIacTep KUBOTHBIX C KMBOW Maccoil m; m mp kareropueii Choice, B apyroi
KJIacTep TaKXe ¢ MacCcoi m; U my, HO cTerneHs MpamopHocTH Prime, Top Choice.
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Pucynok 6. Mepapxuueckas KjaacTepu3anusi MeTadoau4eckux nyreii (0e1xoBbIX ¢pepMeHTOB), 0O~
CTPOEHHAs1 MeTOA0M HeB3BellleHHBIX NAPHBIX Ipynn co cpeaHuM apudpmernyeckum (UPGMA)
Figure 6. Hierarchical clustering of metabolic pathways (protein enzymes), constructed by the meth-
od of unweighted paired groups with arithmetic mean (UPGMA)
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CyliecTBeHHOE pa3inyie MEeXAy 3THMHU KiIacTepaMu ObLIO CBSI3aHO ¢ (YHKIMOHAJIBHBIM Ha3Ha-
yenueMm ¢epmentoB: EC:2.7.13.3 (Histidine kinase), EC:4.2.1.35 ((R)-2-methylmalate dehydratase),
EC:1.2.7.3 (2-oxoglutarate synthase), EC:4.2.1.33 (3-isopropylmalate dehydratase), EC:1.1.1.100 (3-
oxoacyl-(acyl-carrier-protein)-reductase), EC:2.8.1.7(Cysteine desulfurase).

OO0cyskneHne NoJIy4eHHbIX Pe3yJIbTaToB.

B pesynbrare mpoBeAEHHOTO aHaIHM3a YCTAHOBJICHHAS TAaKCOHOMHYECKAS CTPYKTYpa KHIIECYHOTO
MHKpOOMOMa BCEX IOJOMBITHBIX >WBOTHBIX, Pa3feiEHHBIX IO JKUBOM Macce, Obla IpeICTaBICHA
bunymamu Firmicutes, Bacteroidetes, Proteobacteria, Spirochaetes, unclassified Bacteria, Verrucomi-
crobia. Tlpyu NMpOBEICHHH METAareHOMHOTO aHaiHW3a JaHHBbIe (HIyMbl OOHApYKHMBAalOTCS B 0Opa3max
COJICPKUMOTO pyOIla U KUIIEYHHKA KPYITHOTO POTAaTOr0 CKOTa B pa3uyHbIX uccnenoanusx (Holman DB
et al.,, 2024). VYcraHosiacHue muddepeHIanuii B COCTaBe OaKTEpPHATbHOTO COOOIMIECTBAa KHINIEYHOTO
COJICPKIMOTO BBIIBIIIO JOCTOBEPHOE IMPEBBINICHNE NoNu Oaktepuil pomoB  Clostridium sensu stricto,
Clostridium XlVa, Treponema B Tpynne >XHBOTHBIX C HHU3KOW JWBOW Maccoil. B psae pabor,
MOCBAMIEHHBIX HW3YyYEHUIO MHKpOOMOMa KBAYHBIX JKMBOTHBIX, OTMEUacTcs pOJb ISl ceMeicTBa
Clostridium. JlaHHBIE MHKPOOPTaHU3MBI CIIOCOOHBI OOpA30BBIBATH OOJBINOEC KOJUYECTBO aMMHUAKa,
O0IIero KOJIMYECTBA JIETYYUX JKUPHBIX KHUCJIOT, YKCYCHOM, NPONMOHOBOM M MAacisHOW KHCIOT,
YBEIIMYHBASI CPETHECYTOUHEIC IPUBECHI U IEPEBAPUMOCTE CTPYKTYPHEIX yriieBoaoB (Torres Manno MA et
al., 2023; Xue L et al., 2022). B npyrom mccieaoBaHnu oTMe4aeTcs MONoKUuTeabHas poib Clostridium
sensu stricto, CBsi3aHHas C perysiuieii W MeTaboJu3MOM JIMIHUIAHOTO OOMEeHa M BBIPAOOTKOM
KOPOTKOIIEIOYEYHBIX KUPHBIX kucioT (Paster BJ et al., 1993).

Hcrnonb3yst B ucciieoBaHUM METOJ| Torcka pasnmuuii Linear Discriminant Analysis Effect Size
(LEfSe), ycTaHOBIICHBI caMble BaKHBIC Pa3IMYUsl B MEKPOOHUOME ISl TPYIIIIBI )KHBOTHBIX C BBICOKOH KU-
BOM Maccol juist ponoB Succinivibrionaceae, Ruminococcaceae, unclassified Bacteroidales. Tlo HekoTo-
pPBIM JIaHHBIM OoOJiee BBICOKAasi OTHOCHTENbHAs YMCICHHOCTh POJIOB MpejacTaBHUTeNlell Ruminococcaceae
KoppenupyeTcst ¢ HakoruieHueM kupa (Tang S et al., 2021), mo apyrum JaHHBIM, HaJTUYHE TIPEICTaBUTE-
neit KitoctpunuanbHbie y 5KBaYHBIX MOYKET KOPPEIUPOBATh ¢ HAKOIUIEHUEM MeXMbIedHoro xwupa (Lei L
et al., 2021). 3a npenenamMu pacCMOTPEHUS BO3pacTa, MoJia U MUTaHWUS MUKPOOMOM KHIIIEYHUKA U TEHETH-
Ka XKHBOTHOT'O OKA3bIBAIOTCS JBYMS 3HAYUMBIMH JIETCPMUHAHTAMH B TIPOIIECCE OTIOKCHUS U HAKOTUICHISI
MEXMBIIIIEYHOTO W BHYTPUMBIIIEYHOTO Xupa (Zheng Y et al., 2022). [Ipu ycTaHOBICHUH pa3IHYUi B KO-
POBOM MHKpPOOHOME YKHBOTHEIX, Pa3/IEIEHHBIX HA TPH TPYIIITEI MPAMOPHOCTH, C BEICOKOH CTATHCTHYIECKOM
BEPOSATHOCTBIO OBUTH OmpeneNeHsl pona Phocaeicola, Agathobacter, Prevotella, Phascolarctobacterium,
Acutalibacter, Hungatella, nonst B 6akTepuaibHOM COOOIIECTBE KOTOPBIX pa3indaiach B 3aBUCUMOCTH OT
MpaMOpHOCTH. B rpymme >KHBOTHBIX €O CTemeHbl0 MpamopHocTH Choice B OTiIMYme OT TPYMIBI C
HaWBBICHIEH CTENEeHbI0 MpaMopHOCTH Prime mpucyrcTBOBaNM pona ITreponema, Streptococcus,
Megasphaera, Alisonella. Tak, npucyTCTBHE JaHHBIX OaKTepHi MOXET ITOCIIOCOOCTBOBATH (popMHpOBa-
HUI0O UMMYHHOH cucTeMbl ciau3uctoi obonouku (Furusawa Y et al., 2013), 6akrepuu pona Agathobacter
CUHTAIOTCS TONIe3HO# Mukpodiopoii (Rosero JA et al., 2016), Hanboee 3HAYNMOE OTIINIHNE JAHHBIX MUK-
POOPTaHU3MOB JIPYT OT JIpyra 3aKI0YaeTcsl B CIIOCOOHOCTH CHHTE3MPOBATh OyTHpPAT, MPOMUOHAT, alleTaT
(Chattopadhyay I et al., 2022), koTopbie BbIpabaTHIBAIOTCS KUIIEYHOW MUKPOOMOTON M CUUTAIOTCS OCHOB-
HBIMH B MEXaHHM3ME JUIMIHOTO OOMEHa MOCPEACTBOM B3aMMOJACHCTBHS MEXKAY INIIOKarOHOMOAOOHBIM
nentugoM-1 (GLP-1) u penientopaMyu MOBEPXHOCTH KIIETOK, CBsI3aHHBIMH ¢ (G-O€ITKOM, TaKUMHU Kak pe-
nentopbl GPR41 u GPR43 B kumeunuke (Samuel BS et al., 2008; Psichas A et al., 2015). Paznuunsie Bu-
Ibl KUIIEYHBIX OAaKTEpUl HAaXOASTCS B ACCOLMATHBHOM CBSI3U C I€HAMM, YYACTBYIOIIMMHU B MBIIICYHOM
metabom3me (Li Y et al., 2020).

Panee coobmanocs 0 cnocoOHOCTH BEDKUBAHUS HEKOTOPHIX MUKPOOPTaHU3MOB IIPH YIACTHH I'eHA
THCTHIMHKHHA3BI B KauecTBe peryisropa pH B mumesapurensroii cucreme (Pflock M et al., 2004). Taxk-
Ke U3BecTHO, uTo y Escherichia coli K-12 MG1655:b3404 B o6pazoBaHuu OMOIUIEHKH MPUHUMAET yda-
ctue ructuauakrHasa (Roberts DL et al., 1994). B npoBeaéHHOM HaMuy aHaM3€ yCTAHOBJICHBI OTJIMYHS B
(hyHKIIMOHATFHOM Ha3HAUEHWH psina (epMEHTOB, yUACTBYIONIMX B OMOCHHTE3€ BaJWHA, JICHIIMHA U U30-
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neinHa ((R)-2-methylmalate dehydratase) u ¢epmenTa, sBHsIONIETOCSA YaCThIO MyTH OMOCHUHTE3a JICHIHU-
Ha (3-isopropylmalate dehydratase), kak u mis depmenta (3-oxoacyl-(acyl-carrier-protein)-reductase),
CBSI3aHHOT'O ¢ OMOCHHTE30M JKHPHBIX KUCIOT U MeTtabonmm3moM Ouotuaa (Wang H and Cronan JE, 2004).
XapaxkTepHoe pasnuune oOHapyxkeHo s pepmenta (Cysteine desulfurase), ygacTByrormiero B OnocunTese
JKEJIE30CEPHHUCTHIX KIIACTEPOB, TAKUM 00pPa30M Yy HEKOTOPBIX BHIOB OaKTEpUil MPOUCXOTUT OHOIOTrHYe-
ckas ukcarus azora (Zheng L et al., 1993).

3akJiiouenmue.

B xozme Hamiero uccienoBaHus OblLla YCTaHOBJICHA TaKCOHOMHYECKAs CTPYKTypa KHILIEYHOTO
MHUKpOOHMOMa XKHUBOTHBIX C Pa3HOM >KMBOW Maccoi. BBISBIEHO JTOCTOBEpHOE NPEBBIIIICHHUE IO OaKTepUl
ponoB Clostridium sensu stricto, Clostridium XIVa u Treponema y KUBOTHBIX C HU3KOH KHBOW MacCOM.
OTH MHKPOOPTaHHM3MBI HIPAIOT BAKHYIO POJIb B META0OIM3ME U BIHSAIOT Ha MSCHYIO HPOIYyKTHBHOCTD
JKHBOTHBIX.

C nomompio Metona LEfSe Obimn 0OHapy KeHBI CYIIECTBEHHBIC Pa3IudHs B MUKPOOHOME KUBOT-
HBIX C BBICOKOH »XHBOW MaccOd, CBS3aHHBIE C pomamu Succinivibrionaceae, Ruminococcaceae W
unclassified Bacteroidales. 3T KOTHYECTBEHHBIC PA3IMYHsI MOTYT OBITh CBS3aHBI C HAKOIUICHHEM XHPa U
MEKMBIIIEYHOTO J)KUPA Y JKUBOTHBIX.

[pu pa3neneHun KUBOTHBIX HA TPH TPYIIBI MPAMOPHOCTH OBLIH BBISIBICHBI PA3IM4Hs B COCTABE
OakTepuaIbHOrO COOOIIEeCTBa, CBS3aHHBIE C ponamu Phocaeicola, Agathobacter, Prevotella,
Phascolarctobacterium, Acutalibacter v Hungatella. TlpucyTcTBue 3THX OakTepuil MOKET CIOCOOCTBO-
BaTh (JOPMUPOBAHMIO MUMMYHHOW CHCTEMBI CIIU3UCTON OOOJIOYKH M CHHTE3y KOPOTKOLEIOYEYHBIX KUP-
HBIX KUCIIOT, BXKHBIX JUIS JIMIIUHOTO OOMEHA.

Takum 00pa3oM, UCCIIeOBaHUE TIOKA3aJI0, YTO MUKPOOMOM KUIICYHHKA U (DEHOTUITUUSCKUE MPO-
SIBJICHUS JKUBOTHOT'O HaXOJSITCSL BO B3aMMOCBSI3H.
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