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PET'YJIUPOBAHUE DOPEKTUBHOCTH HCITOJIB3OBAHUA KOPMOB "
HPOAYKIIMHN METAHA V KBAYHBIX KHBOTHBIX

OIIMCAHHUE

00J1aCTh U VYPOBEHb TEXHUKH

Hacrosimee wu300peTeHre, COrIaCHO HEKOTOPbIM €ro BapUaHTaM OCYINECTBJICHUS,
oTHOcHTCST K MuKpodaope pybua u ee mnpumeHeHussiM. CoOriacHO OTHOMY BapHaHTY
OCYLIECTBIIEHHUs HACTOsIIEe N300pEeTEHHEe OTHOCUTCS K MUKpodiope pyOLa /it peryiupoBaHus
5 PEeKTUBHOCTH UCTIONB30BAHUS KOPMOB U MPOAYKLIUH METAHA Y KBAYHBIX )KUBOTHBIX.

JKBauHble )KUBOTHBIE MPEACTABIISIIOT OFPOMHOE 3HAYEHHE I YeJIOBEKa, MOCKOJIbKY OHH
npeoOpasyloT JHEPrHi0, XPaHAIIYIOCS B IOJMMEPax pPAaCTHTENbHOH OHOMAcChl, KOTOpBIE
SBJSIIOTCSl HE IepeBapUBAaeMbIMU Ui JIIOJEH, 1O YCBOSEMBIX IHIIEBBIX HPOAYKTOB. JIromu
OJIOMALITHUJIM 3TUX KUBOTHBIX JJISI 5TOH LIeJIN B TIOXY HEOJIUTA U C TE€X MOP BbIPAIIUBAIOT UX IS
IPOU3BOZICTBA U NOTPeOseHHs KMBOTHOro Oenka B (opme Msica U MOJIOKa. B COBpeMeHHbBIX
HKCTEHCHBHBIX pEXHMMax IPOU3BOJACTBA JKBauHbIE JKUBOTHBIE mOTpedisitoT 30% yposkas,
BbIpaIleHHOro Ha 3emuie, U 3aHUMaKOT eme 30% cymu 3emnn. Kpome TOro, sTu >KUBOTHBIE
BBIICISIIOT B aTMOC(epy MeTaH — CHIIbHOAEHCTBY 0L MAPHUKOBBIHN a3 — U CYUTAETCS, YTO OHU
OTBEYAOT 3a 3HAYUTEJIbHYIO YaCTh €ro BHIOPOCOB 3a CUET AaHTPOTIOreHHOM akTUBHOCTH. OHUM U3
CIOCOOOB pEmIeHUs] ATHX MPOOJieM SBJSIETCS MOBBIIICHUE JHEPreTUYeCKOH 3((PEeKTUBHOCTH
JKHUBOTHBIX, T.€. 3((EKTUBHOCTH, C KOTOPOH OHH MPEOOPa3yIOT SHEPTHIO U3 KOPMA, TEM CaMbIM
YBEJMUYNBAsk JOCTYITHOCTD MUILH TP CHIJKEHUH HATPY3KH Ha OKPYIKAIOLIYIO CPeay, TaK KaK OTH
JKUBOTHBIE OYyT MPOU3BOAUTH OOJIbINE, & €CTh MEHBIIE.

JUTsi OLlEHKU JHepreTudeckoi 3(PQPEeKTUBHOCTH KHUBOTHOTO HCIONB3YIOT pa3JIUYHbIE
crocoOrl; cpean HUX crnocod ocratouHoro mnotpednenust kopma (RFI) (Koch ef al., 1963)
SIBJISIETCSI OOLIETTPUHSITHIM U IIHPOKO UCTIONIB3YETCSI, TIOCKOJIBbKY OH SIBJISIETCS HE3aBHCHMBIM OT
pocta M pa3Mmepa Tejia M, TaKUM OOpas3oM, SIBJISETCS MOAXOMSINUM [yl CPAaBHEHHH MeXIy
’KMBOTHBIMH. DTOT MapamMerp MPenCTaBisieT COOOW OLIEHKY pasHHULbI MEXOYy (HakTHUYECKUM
notpeOJieHHeM KOpMa KHBOTHOIO M €ro MPOTHO3UPYEeMbIM NOTpedIeHHEM KOpMa Ha OCHOBE €ro
YPOBHSI MPOOYKLIMU U MAacChl Tejla. JHepreTryeckas 3(QeKTHBHOCTb 3HAYUTEIbHO BapbUPYETCsI
MEXIy pa3jUYHbIMH OCOOSMHU OXHOW H Toi ke moponbl. C HCMOJB30BAHHEM LIMPOKUX
UCCJIeIOBaHMH aCCOLMALINI FeHOMa OOHAPYKUIIH, YTO Crielin(pUueCKrue FreHOMHbIE 00IaCTH, TAKHe
KaK ofHa 00JacTh FeHOMa, KOTOpasi, KaK MPEeANoJiaraloT, aCCOLMUPYETCsl C POJIbI0 B KOHTPOJIE
SHEPreTHYEeCKOro MeTadoIU3Ma, KOPPETUPYIOT € 3()(PeKTUBHOCTBIO UCTIOIb30BAHUS KOPMOB. Tem

HE MEHee, TOJIbKO CPEAHUN TeHeTUYeCKH KOMITOHEHT (HaciaeqyeMocTh B auanaszoHe ot 0,26 no
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0,58) BaMseT Ha HWCIOJB30BAHWE DHEPTHU, YTO TAaKXkKe MPOJEMOHCTPUPOBANIN TOBBIIIEHUEM
3¢ EKTUBHOCTH MCIIONB30BaAHKS KOPMOB IyTEM CEJIEKIINHU KUBOTHBIX B COOTBETCTBHHU C X RFL

OnHuM 13 BaskHBIX (DAKTOPOB, KOTOPBIE MOTYT B 3HAYUTEIHHOMN CTENEHH CIIOCOOCTBOBATH
U3MEHYHBOCTSIM B 3(P(PEKTUBHOCTH HCIONb30BaHUSI KOPMOB OTHX JKHBOTHBIX, SIBJISIETCSI
MHUKpoOHOM py6Oria. CroCOOHOCTh 3THUX JKUBOTHBIX TepEBApUBATH MOJIUMEPHI PACTHUTEIHHOMN
OromMacchl OOBSICHIETCS] THM CJIOKHBIM MUKPOOMOMOM, KOTOPbIi HAXOAUTCS B BEPXHUX OTIENAX
WX MHUIIEBAPUTENILHOTO TPAKTa B OTAEINe, Ha3biBaeMoM pyOerr (Mizrahi, 2013). AraspoOHasi cpena
B pyOlle W O4YEHb CJIOXKHBIE IHUIIEBbIE CETH, IOAAEPKUBACMblE MHUKPOOHOMOM pydia,
obecrneynBalOT (PepMEHTALMI0 PACTUTENHPHOrO MaTepHaia a0 MeTabOJHMUYECKUX KOHEUHBIX
NPOIYKTOB, TAKUX KaK KOpOTKoLenovyeuHbie skupHbie KuciaoTel (SCFA) u metan. B To Bpemst kak
SCFA abcopOupyrorcss 4yepe3 CTEeHKY pyOma W CiykaT JJis yIOBJIETBOPEHHs MOTpeOHOCTelH
’KMBOTHOTO B SHEPTUH, MeTaH He abcopOupyeTcsi; OH BbIAENsAETCS B aTMoc(hepy BMeCTe C €ro
COXPAHEHHOM »HEpPTuell, TeM CaMbIM CIOCOOCTBYSI MOTEPE SHEPTHH OT KOPMa, a TaKKe BHOCS
BKJIaA B riodanbHoe norerienne (Mizrahi, 2011). Coobuianu o pa3au4usx MeKAy *KUBOTHBIMH €
BbICOKMM U HU3KUM RFI B OTHOIIEHMM MpPOAYKIMM METaHA, & TAKKE HEKOTOPBIX PA3JIUNYMi B
mukpoduonorudeckom cocrase (Nkrumah ef al., 2006, Mizrahi, 2011, Hernandez-Sanabria ef al.,
2012, Jami ef al., 2014, Kittelmann et al., 2014, Shi et al., 2014, Wallace et al., 2015). Tem He
MeHee, BCECTOPOHHEE U MOJIHOE MOHUMaHue mpod el CTpyKTypbl MUKPOOMOMA M TOTO, KaK HX

npeoOpa3oBaTh B PYHKIIMOHAIBHOCTh HA YPOBHE KMBOTHOTO MO-TIPEKHEMY OTCYTCTBYET.

CyIHOCTHh H300peTeHHs

CornacHO acrekTy HACTOSIIEro H300peTeHHsi MPEIyCMOTPEH CHocod OmnpeneneHus
3(1)(1)6KTI/IBHOCTI/I HCIIOJIb30OBaAHMA KOPMOB MW IIPOAYKIOHWH ME€TaHa KBAYHOr'0 KHUBOTHOIO,
NpeayCMaTPUBAIO LU aHAJTA3 YKCJIa W/ WK pa3Hoo0pasus OaKTepUa bHOrO TAKCOHA MUKpOOHUoMa
JKMBOTHOTO MJIH COJEP KaHMsI T€HOB MHKPOOHMOMA, MPUYEM YHCIIO W/HITH pa3HOOOpa3ue TaKCOHA
HUKE 3aJaHHOI'O YPOBHA ABJIACTCA IMOKA3aTCIIEM JKHMBOTHOI'O XapaKTCPU3YIOLIECTOCA BBICOKOI
3¢ (HEeKTUBHOCTBIO HCTIOIH30BAHMS KOPMOB M HU3KOU NMPOAYKLIMEH MEeTaHa, UJIU YUCJIO TeHOB HITKE
3aJaHHOI'0 YPOBHsA HABJIACTCA TIMOKA3aTCJIEM JKHUBOTHOT'O, XapaKTEPHU3YHOLIETOCH BBICOKOH
3¢ EKTUBHOCTBIO UCIIOJIb30BAHMS KOPMOB M HU3KOH MPOAYKIHMEH MeTaHa.

CornacHO acmekTy HACTOSIILIEro H300peTeHusi MPEenyCMOTPEH Crocod OmpenenaeHus
3(1)(1)6KTI/IBHOCTI/I HCIIOJIb30OBAHHS KOPMOB I/I/I/I.]'II/I MPOAYKLIMK METAaHA Yy KBAYHOI'O0 KHMBOTHOIO,
npeayCMaTPUBAIOIINI KOJHUYECTBEHHOE ONPeesIEHHE MO MEHbBINEH Mepe OHOrO BHIa OaKTEpHi,
KaK MpeACTaBlIeHO B Tabmunax 4 u 5, B MUKpOOHMOME JKMBOTHOTO, NMPUYEM €CITH YPOBEHb IO
MEHbIIEH Mepe ONHOro BHIa OakTepuil B Tabnume 4 BbIIE 3aJaHHOTO YPOBHS, 3TO SBISETCS

NOKa3aTeJIeM BBICOKOH 3((peKTHBHOCTH NCTIOIB30BAHUS KOPMOB MJIM HU3KOH NMPOAYKLIMN METaHA
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3
U €CJIM YPOBEHb 110 MEHBIIEH Mepe OHOTO BUAa OaKTepuii, MPEACTABIEHHOTO B TaOIHLIE 5, HIKE
3aJJaHHOTO YPOBHS, 3TO SIBIISIETCS MIOKA3ATENEM BbICOKOH 3()(PeKTUBHOCTH NCTIOIB30BAHUS KOPMOB
WM HU3KOW NPOAYKIH METaHa.

CormacHO acmekTy HaCTOSINEro H300peTeHHs NPEAyCMOTPEH Crocod OnpeneneHus
3¢ EKTUBHOCTH HCIIONBb30BAHUSI KOPMOB W/WJIM MPOAYKLUU METaHa Yy KBAYHOTO >KUBOTHOTO,
NpeayCMaTPUBAIOIINI KOJIMYECTBEHHOE ONpPEeNIeHHe 110 MEHbIIeH Mepe OJHOro BUaa OakTepuit
pona Megasphaera B MUKpoOHOMe KUBOTHOTO, TIPHYEM €CITH YPOBEHb 110 MEHBIIEH Mepe OTHOTO
BU/ia OakTepuil BBIIIE 3aJaHHOTO YPOBHS, 3TO SIBISIETCS MOKA3aTeENeM BBICOKON 3((EeKTUBHOCTH
UCTIOJIb30BaHMS KOPMOB HJIM HU3KOW NMPONYKIIMH METaHa.

CornacHo acneKkTy HaCTOSLIETr0 H300pETeHHs MPENYCMOTPEH CIIOCOO OTHECEHUS JKBAUHBIX
JKMBOTHBIX K OTPENETICHHON KaTeropuy, npeayCMaTpUBAIOLINH Cleayolee:

(a) ompenenenve 3>(PGEKTUBHOCTH HCIONB30BAHMUS KOPMOB WM TMPOAYKIIMH METaHa
JKBAYHBIX JKUBOTHBIX, KaK OMHMCAHO B HACTOSIIEM IOKYMEHTE;, U

(b) orOOp JKMBOTHBIX, KOTOpbIE XapaKTEPU3YIOTCS BBICOKOH 3((eKTUBHOCTHIO
HCIIOJIb30BaHUsI KOPMOB U HU3KOM MPOAYKIUEN MEeTaHa.

CornacHO acrekTy HacTOsIEero H300peTeHHst NPeayCMOTpeHa aHTHOAKTepHalbHAs
KOMIIO3MLIMSL, COAepiKalias MO MeHbLIeH Mepe OOHO CPEeNCTBO, KOTOpoe Creruduyecku
MOHWKAIOLIE PEryJHpyeT MO MEHbIIeH Mepe OOUH BUA OaKTepuil, KOTOPbIA MPEACTABJICH B
tabsure S.

CornacHO acmekTy HaCTOSIIEro H300peTeHHs NPEAyCMOTPEH Crnocod onpeneneHus
5 (PEKTUBHOCTH HCIIOJNB30BAHUS KOPMOB HJIM MPOAYKLUH METaHa >KBAYHOTO >KUBOTHOTO,
NpeAyCMaTPUBAIOIININ aHATU3 KOJMYECTBA WJIM COCTaBa KOPOTKOLETIOUEYHBIX JKHPHBIX KHUCIIOT
(SCFA) wmerabojioMa >KMBOTHOro, mnpuveM kojudectBo wu/uimu coctaB SCFA  sBrsiercs
nokasareseM 3G PeKTHUBHOCTH UCTIOIb30BAHUS KOPMOB WJIH MIPOAYKIIUH METAHA.

CornacHO acmekTy HACTOSINEro H300pETeHUs MPEeNyCMOTPEH CIOCO0 YBETUYEHUs
5 (EKTUBHOCTH HCIOJIB30BAHUSI KOPMOB WJIM YMEHBLICHUS MNPOAYKIUH METaHa >KBAYHOT'O
JKHBOTHOTO, TPEAYCMATPHUBAIOIIUN BBEACHHUE JKUBOTHOMY CPEICTBA, KOTOPOE YBEINYHBAET
KOJINYECTBO IO MEHbIIEH Mepe OJHOro BUAa OakTepHil, MpeINCTaBIeHHOrO B Tabmuie 4, B
MHKpoOHOMe pyOLa >KHUBOTHOTO, TEM CaMbIM yBeNH4YHBast 3((EKTUBHOCTb HCIIOJIb30BAHMS
KOPMOB WJIM YMEHbIIIAsl TPOAYKIHIO METaHa KBAYHOT'O KHBOTHOTO.

CormacHo acmekTy HACTOSINEro H300pPETeHUsl MPEeNyCMOTPEH CIOCO0 YBETUYEHUs
3¢ (PEKTUBHOCTH HCIOJB30BAaHUSI KOPMOB HWJIM YMEHBLICHUS MPOAYKIUH METaHa >KBAYHOTO
JKHBOTHOTO, TPEAyCMATPHUBAIOIIUN BBEACHHUE JKUBOTHOMY CpPEICTBA, KOTOPOE YBEINYHUBAET

KOJNIM4eCTBO poxa Oakrepwii Megasphaera B mukpobuome pyOua >KHBOTHOTO, TEM CaMbIM
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4
yBennunBas 3((QEKTUBHOCTb HCIOJB30BAHUS KOPMOB WJIM YMEHbIIAs MPOAYKIHIO METaHa
YKBaYHOT'O )KUBOTHOTO.

CormacHo acmekTy HACTOSINEro H300pPETeHHsl MPEeNyCMOTPEH CIOCO0 YBETUYEHUs
5 EKTUBHOCTH HCIIONB30BAaHMSI KOPMOB WJIM YMEHBLICHUS MNPOAYKIUH METaHa >KBAYHOTO
JKUBOTHOTO, TPEIyCMAaTPUBAIOIINIA BBEACHHWE S>KUBOTHOMY KOMIIO3HMILWH, COIEpKaIled 1o
MEHBbLIEH Mepe OTHO CPENCTBO, KOTOPOe Cel(PUIECKH MTOHIDKAIOIIE PETYIUPYET KOJHYECTBO I10
MEHbIIIeH Mepe OmHOW OakTepuu, NPENCTaBJICHHON B Tabmuie S5, TeM CaMbIM YBEJIUYUBAs
5} EeKTUBHOCTD HCIHOJB30BAHUS KOPMOB WJIM YMEHbLIAs NPOAYKIHMIO MeETaHa >KBAYHOTO
JKUBOTHOTO.

CornacHo acmeKkTy HACTOSIIEro HU300peTeHHs NPEeAyCMOTPEeHAa MHKPOOHOJOrHYecKast
KOMITO3ULWsI, coneprkamas 2-100 BunoB OakTepuii, mpuyeM 1o MeHblIeld Mepe OJUH U3 BHUJIOB
ABJISIETCS TAKUM, KaK MPEICTaBlIeHO B Ta0nuue 4.

CornacHo BapuaHTaM OCYLIECTBJICHUs HACTOSIIEr0 N300pEeTeHHs 10 MEHbLISH Mepe OUH
Bu OakTepuil mpeacrasnsier coboit Megasphaera elsdenii wnin Coprococcus catus.

CormacHo BapuaHTaM OCYIIECTBJIEHHs HACTOSAIIErOo M300peTeHHs MHKPOOHOM
IpenCcTaBisieT cCOO0M HemaTOreHHbIH MUKPOOHOM.

CornacHO BapuaHTaM OCYLIECTBJICHHUs] HACTOAIIErO U300peTeHHss MUKPOOUOM BKJIIOYAeT
B ce0s1 MUKpOOHOM pyOua win (pekanbHbIi MUKPOOHOM.

CormacHO BapwaHTaM OCYIIECTBJICHHUS HACTOSINEro HM300peTeHHs OmpeneseHue
KOJINYECTBA OCYLIECTBISIIOT MyTEM aHaJIH3a SKCIPECCUU IO MEHbBIIEeH Mepe OTHOTO reHa reHoMa
IO MEHbLIeH Mepe OHON OakTepuu.

CornacHO BapuaHTaM OCYLIECTBIIEHHS HACTOSIIEr0 M300PETeHHUS 10 MEHbIIECH Mepe OUH
BUJ OakTepuil nmpencrasinsier codoit Megasphaera elsdenii.

CornacHo BapuaHTaM OCYIIECTBICHHUS HACTOSILIETO H300PETEHUs] €CJIU KOJIHYECTBO
npornuoHara, OyTupara, Bajepara W/WIM H30BaJepara B MeTadOJIOME SKUBOTHOIO IPEBBIIIAET
3aaHHBII YPOBEHb, STO SIBJISIETCS MOKA3aTeJIeM >KHBOTHOTO, XapaKTEPU3YIOIIErocsi BBICOKOH
3¢} EKTUBHOCTBIO UCIIOJIb30BAHMS KOPMOB M HU3KOH MPOAYKIHMEH MeTaHa.

CormacHo BapuaHTaM OCYINECTBJICHUS] HACTOSILEro HW300pPETeHUs YHCIO TaKCOHA
AHAJTM3UPYIOT BILIOTH 10 YPOBHS THUIIA.

CornacHo BapuaHTaM OCYIIECTBJICHUSI HACTOSIIETO H300peTeHNsT pa3HOOOpa3nue TaKCOHA
AHAJM3UPYIOT HA YPOBHE BHIA.

CormacHo BapuaHTaM OCYIIECTBICHHUS HACTOSILIETO H300PETEHUs] €CJU KOJIMYECTBO
obmux SCFA B MerabosomMe KHBOTHOTO BBIIIE 33/IaHHOTO YPOBHS, 3TO SBIISIETCS MOKa3aTeleM
JKHBOTHOT'O, XapaKTEPU3YIOIIETOCs BBICOKOH 3 (hEeKTUBHOCTBIO HCITOIBb30BAHHS KOPMOB U HU3KOH

MPOAYKLHEN METaHA.
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CormacHo BapWaHTaM OCYLIECTBJICHHs HACTOSINErO H300pPETEHUs] €CIM COOTHOLICHHE
NPOMHOHATA K alleTaTy B MeTa0O0JIOMe JKUBOTHOTO BBIIIE 33JAHHOTO KOJIMYECTBA, 3TO SBJISETCS
NOKa3aTeJIeM >XUBOTHOTIO, XapaKTEPU3YIOLIErocsi BBICOKOH 3(PQEeKTUBHOCTBIO HCIIONBb30BAHMS
KOPMOB U HU3KOU NPOAYKLMEN MeTaHa.

CornacHO BapuaHTaM OCYILIECTBIICHHS HACTOSLIETO U300PETEHHsI CPECTBO CONEPIKHT 10
MEHbIIEeH Mepe OUH BUJ OaKTEepUi.

CornacHo BapuaHTaM OCYIIECTBJIEHUS] HACTOSIIETO H300PETEHHS CPEACTBO COAEPIKUT PO
OakTepuii.

CornacHo BapMaHTaM OCYIIECTBJIEHUS HACTOSIIETO U300pETEeHHs CPEACTBO HE SIBISETCS
AHTUOUOTHKOM.

CornacHo BapuaHTaM OCYIIECTBJIEHUS] HACTOSINEr0 M300pETEHHUs >KBAUHOE >XHBOTHOE
MOJIOXKE O MECALIEB.

CornacHo BapuaHTaM OCYLIECTBJICHUs] HACTOSIIErO U300pEeTeHHsI KOMIO3UIUSI BXOIUT B
COCTaB KOpMa.

CornacHo BapuaHTaM OCYLIECTBJICHHUs] HACTOSIIErO U300pEeTeHHsT KOMIO3UIUSI BXOIUT B
COCTaB CUJIOCA.

CornacHo BapuaHTaM OCYLIECTBJIEHHUs] HACTOSAIIErO U300pETEeHHsT KOMIO3UIUSI BXOIUT B
COCTaB KJIU3MBI.

CornacHo BapuaHTaM OCYINECTBJICHHsS] HACTOSILEr0 H300pEeTEeHUs! JKUBOTHOE JieaT C
MIOMOIIBEO KOMITO3UIIMH aHTHOUOTHUKA Tepe]] BBEICHUEM.

CornmacHo BapuaHTaM OCYLIECTBJIEHHs] HACTOSIIETO HM300PETEeHHs] KOMIIO3HMLUS HE
COIEPKUT (peKaTbHBII MaTepHall.

CormacHo BapuaHTaM OCYLIECTBJCHHsS HACTOSIIEr0 HW300pPETeHUs KOMITO3HMLIUS
COCTAaBJICHA B BUJE KOPMa, CUJIOCA WJIA KIIU3MBI.

Ecnn He yka3aHO MHOE, BCE TEXHUYECKHME W HAY4YHbIE TEPMHUHBI, HCIOJb3yE€MbIE B
HACTOSIIEM IOKYMEHTE, HMEIOT TO JK€ 3HAu€HHe, KOTOpOoe OObIMHO TOHUMAETCSl CPEeIHUM
CMELHUAIMCTOM B HACTOSIIEH OOJACTH TEXHUKH, K KOTOPOH NPUHAIJICKUT HACTOSIIEe
u3o0perenne. XOTs CrMocoObl W MaTepHasbl, CXOAHbIE WM 3KBUBAJICHTHBIE OMHMCAHHBIM B
HACTOSILIEM JOKYMEHTE, MOKHO MCIOJIb30BATh B OCYIIECTBJICHUH HA MPAKTUKE WA UCIIBITAHUU
HACTOSIIIEr0 HW300peTeHus, NOAXOMAIINe CrIocoObl W MaTephaibl ONMHCAaHbl HIDKe. Bce
nyOJNMKalMK, 3asBKM HA BbIa4y [ATEHTOB, NATEHTbl M JPYIHE CCHUIKH, YIIOMSIHYTBHIE B
HACTOSIIEM JIOKYMEHTE, TOJHOCTBIO BKIJIFOYEHBI MOCPEICTBOM CChUIKH. B ciyuae xoH(pIHMKTA
ONMCaHMUE TATEHTa, BKJIOYasl B ce0si ompeneneHus, OyAeT UMETh NPEHMYIIECTBEHHYIO CHITY.
Kpowme Toro, marepuansl, cnocoObl U IPUMEPHI SBISTFOTCS UCKIFOUUTENBHO WILTFOCTPATUBHBIMH U

HE IOAPA3YMEBACTCA, YTO OHU ABJIAOTCA OrpaHUYHBAOIIIUMH.
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KDaTKOC ONMHCAHHE YePTeKel

HacTosimiee n3o0pereHne onucaHo B HACTOSIIIEM IOKYMEHTE TOJIBKO B KAUECTBE NPUMEpPa
CO CCBUIKOH Ha mpujaraembie rpaduyeckue martepuaibl. Hinke ¢ KOHKPETHOH CCBUIKON Ha
noapoOHbIe rpaduyuecKkue MaTepuasibl NOAUYEPKUBAETCS, YTO MOKA3aHHBIE TAHHbBIE NTPHBEIEHBI B
Ka4eCTBE IPUMEpPa U TOJBKO C ILEJbI WIUTOCTPATHBHOTO OOCYXIEHUS MPEAIOYTUTENbHBIX
BapUAHTOB OCYLIECTBICHHS HACTOSIIIETrO H300PETEHUS U 110 MPUYHHE 00ECTIeUeHHUs TOr0, UTO, KaK
NOJIaratoT, SBJSIETCS CaMbIM INPUMEHUMBIM M TOHSATHBIM OINKCAHWEM NPUHLUIOB |
KOHLIETITYAJIbHBIX AaCHEKTOB HACTOSIIEro n3oOpereHus. B cBsA3M ¢ 3TUM HE MpPeANPUHUMAIOTCS
HOTBITKY TOKA3aTh CTPYKTYPHBIE AETAJIM HACTOALIEr0 U300pereHus Oojee moxpoOHO, YeM 3TO
HeoOXomumo sl (PyHAaMEHTaJbHOTO TOHMMAHUS HACTOSIIEro W300peTeHUs, OMHCAHHE C
UCTIONIb30BaHUEM IpapUECKUX MaTEPHAJIOB JIE€1aeT OUE€BUAHBIM AJIS CIIELIHATUCTOB B HACTOSIIIEH
TEXHHKH TO, KAK HECKOJIBKO (POPM HACTOAIIEr0 N300pETeHNsT MOKHO OCYLIIECTBUTD HA MPAKTHKE.

Ha rpaduueckix maTepuanax:

@ur. 1A-G. INapamerpsl coobmmecrBa MUKpOOHOMOB 3 dexkTuBHBIX U Hed(hPekTUBHBIX
kopoB. (A-B). Hacelmennocts wmukpoOuoma. BcerpewaemocTs BuUAOB (HA OCHOBaHUH
CeKBEHHPOBAHUS aMIUTMKOHOB 16S) (A) 1 reHOB (Ha OCHOBE CEKBEHUPOBaHUSI MeTareHOMUKH) (B)
PacCUNTHIBAIH U BBIPAKAJIN B BUJIE TPOCTOH HACBIIIEHHOCTH. SIepHast InoTHOCTh 3P eKTUBHBIX
U He>(pPEeKTHBHBIX THCTOrpaMM MOJYEPKUBAECT PA3IUYHOE PACIpENeNIeHHe BCTPEYaeMOCTH B
KaXxaoi rpymnme MukpoOnomoB. ITokasaHbl P-3HaUY€HUs] PAa3HHLBI B HACBIIIEHHOCTH MEXITY
s¢pdextuBHbIMU U HedpdekTrBHBIME KopoBamu. (C) HachlmeHHOCTP MUKpOOHOMa Ha Pa3HbIX
¢unorenernyeckux ypousx. (D-E) Usmepenus anbda-pasnoodpasus (nupekca IlleHHOHa) B
cooreercTBruu ¢ Buaamu (D) u renamu (E). (F-G) lomuHupoBarre MUKpOOMOMAa B COOTBETCTBUH
¢ sunami (F) u renamu (G). JlanHble BbIpaskeHbl Kak cpennee + SEM. Kpurepuii CyMMBbI paHTOB
Yunkokcona, *P <0,05, **P <0,01.

@ur. 2A-B. IIporHo3sl 3¢ (eKTHBHOCTH UCTIOIB30BAaHMS KOPMOB TIO BUZIAaM U T'eHaM. Buibl
(a) u rensI (0), KOTOpPBIE OTIIMYAJIKCH [0 OTHOCUTEIPHOU YUCIIEHHOCTH MeKy 3P dekTuBHBIME U
He3(P(PEKTUBHBIMA  KOPOBaMH, pAHKHUPOBAIA B COOTBETCTBHM C WX P-3HAYCHUSIMH W
rpynnupoBany B OuHbl 1o 100. BUHBI HCHIOIB30BAHM B Ka4€CTBE MPOTHOCTUYECKUX MPU3HAKOB
s napamerpa dhdekTuBHOCTH UcToNb30BaHusl KopMoB RFI ¢ ncnonb3oBanuem anroputma k-
ommxaiiimux coceneit (KNN) ¢ k = 3. Kaknast utepauus UCMoNib30Bajia OTIUYAIOIUNCS OUH B
Ka4eCTBE NMPOTHOCTUYECKUX MPU3HAKOB B MOPSAKE BO3pacTaHus P-3HadeHus. BeraBka Ha oOonx
rpadukax mpeacTaBiIeT MEPBBbIE MATh 3HAYEHUIH TOYHOCTH nporHosuposanus (IlepectaHoBKH

CITy4aifHOH MepeTacoBKH KjaccoB, P-3Hauenue = 0,009).
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Qur. 3. MeraboioM U MHUKPOOHMOJIOTHYECKass AaKTUBHOCTH MHUKPOOMOMOB pyOua
s¢dexTruBHBIX U He3(PpPekTHBHBIX KOPOB. In vivo U in vitro crnocoObl H3yueHus! NepeBapUMOCTH
MPOBOAUIIN Ha cOKe pyOua 3 pexTnBHBIX 1 He3(PPEKTUBHBIX KOPOB B AOMOJHEHUE K SKCTPAKIUH,
uneHTH(UKaIKs 1 KOJIM4YeCTBeHHOE ornpenenenue 41 paznmuHoro meradomnura ¢ nomobso GC u
GC-MS. Ot meTabonuThl HOPMAJTM30BAHBI 10 COIAEPIKAHUS OPTAaHUYECKOTO BEIIECTBA B COKE
pyOua, U3 KOTOpPOro OHHM ObUIM H3BJIE€YEHbl. MeTabOoNUThI OPraHWU30BaHBI B COOTBETCTBUH C
TpopudeckumMu ypoBHSAMH. Koppekuuro rumoressl Ajsi MHOTOMEPHBIX JaHHBIX € 9999
NePECTAHOBKAMH TPOBOAMIN HMHAMBHIYAJIbHO A KaXJOT0 MeTaOONMYeCKOro aHajiu3a WU
aHaJIM3a aKTUBHOCTHU C UCTIOJIb30BaHNeM craTucTuky CTeronenTta (Mertonbl). JlaHHbBIE BBIpAXKEHbI
kak cpennee £ SEM. *P <0,05, **P <0,01.

@ur. 4A-B. Konnenrpauus SCFA B coke pyoua 3¢ pexkTuBHbIX 1 He3()PEKTUBHBIX KOPOB.
(A) Konuentpaunu obmux SCFA B obpasuax s¢dextuBHoro u HedpdekruHoro pyodua. (B)
CooTHollleHHe MPOIMHOHATa K areraty B oOpasuax 3¢gdexrrBHOro u HesdpdhekTuBHOro pyora.
JaHHbie BeIpaskeHbl Kak cpeanee £ SEM. *P <0,05, **P <0,01.

@ur. SA-B. TakcoHOMUYECKHE aHHOTALIMU BUIOB U T€HOB, KOTOPBIMH 00OTaIeHa KaXaas
rpynna Mukpoduomos. (A) Koppemsiuns CrinpMena 3Ha4MMO 000TaIeHHbIX BUAOB C TAPAMETPOM
5P PEeKTUBHOCTH HCHOJb30BaHUA KOPMOB. AHHOTALMHM TPEJCTABIEHbl HA CAMOM HHU3KOM
MOJIY4eHHOM (PHIIOTeHETHYEeCKOM YPOBHE, a TaKXKe Ha YPOBHE MOpPsiiKa B KPYIIIbIX CKoOkax. (B)
Pacnpenenenvie (puIOreHeTMYECKNX AHHOTALMI TE€HOB, OOOTALIEHHBIX B KAXKAOW M3 TPYII
MuKpoOuomoB. [IpencraBieHsl GUIOreHEeTHUECKHUEe aHHOTALUH BbIle ropora 2%.

®ur. 6A-B. IIpusnaku Mukpodroma, oOoraiieHHbIe B KQKIOU rpyrrne MUKPOOHOMOB. (A)
[TpoureHust U3 Kaxxaoro oOpaslia BBIPABHUBAJIU C CEKBEHHPOBAHHBIMH T€HOMAMH HM3BECTHBIX
MHUKpPOOPTaHU3MOB pybLa ¢ ucnosp3oBanreM HHCTpyMeHnTa BW A. IIpencraBieHbl COOTHOIIEHUS
MEXAY BbIpaBHUBAHUAMH 3(()eKTHBHbIX/HEd(PHEKTUBHBIX 00pa3lOB UIA KaKIOrO TI'eHOMA.
Hcnonp3oBanne W MPOAYKIUS METaOOJUTOB Ui KAKAOTO MHUKPOOPTraHM3Ma Ha OCHOBE
U3BECTHBIX XapakTepuctuk pocta (Holdman & Moore, 1974, Russell & Rychlik, 2001, Duncan et
al., 2009) okpaiieHbl B CHHUI M OpaHXeBblil, cOOoTBeTCTBeHHO. (B) IlpouTenns u3 Kakmoro
obOpasua BblpaBHHBaiM ¢ (QepmeHtamun KEGG pa3nuyHbIX MeTaOONMuYecKHX MyTed ¢
ucrnonp3oBaHueM uHctpymMeHta BWA. Ilytu mpomanauona, akpujata M CyKLMHATa - 3TO
pasMYHbIE TMYTH TNPOAYKUMH  TNPONMUOHaTa. lIpencraBieHbl  COOTHOLICHUS — MEXKAY
BbIpaBHUBAaHUSAMHU 3(]dexTrBHBIX/HEIPPEeKTHBHBIX 00pa3noB g Kakaoro nyTH. JlaHHbIE
BBIPAJKEHBI KaK COOTHOIIEHUe cpenHux. [lepecranoBounsli t-kpurepuid, *P <0,05, **P <0,01.

@ur. 7A-B. KoncomupmpoBaHHble pe3ynbTraThl u  Mozeib. (A) Korcommpauwms
PE3yJIBTATOB aHAJH3a META0OOJOMUKH, aHAIN30B MOOUJIM3ALIMU TEHOMA U Iy TH. 3€JICHbIM LIBETOM:

nyTHu U MeTa6OJ'II/ITbI, KOTOPBIC 3HAYUMO HE pasIMvaJIMCh UJIN KOTOPBIE HE OLICHUBAJIH. KpaCHbIM
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nBeroM: oborameHHble B 3¢ dexkTuBHbIX MuKpoOnomax. CepbIM mBeTOM: OOOTalleHHbIE B
HespdexTuBHbIX MukpoOuomax. (B) Ilpemmaraemass momenb. CneBa HampaBO: HISHTUYHBIC
KJFOUEBbIE BXOJSIINE METaOOIUTHI MOTJIOMEHBI KOPOBOH M MPEACTaBIEHBI JTHOO0 3((EeKTHBHOMY
MHUKPOOMOMY (BEpXHssl IMaHeNb) C TOHIKEHHOW HACBIIIEHHOCTBIO W pa3HooOpasmeM, JnuOO
He3(P(PEKTUBHOMY MHUKPOOMOMY (HIDKHSSL TIaHENb) C TIOBBIIIEHHOH HACBIIIEHHOCTBIO M|
pazHooOpazueM. Paznuuns B HACHIIEHHOCTH NMPUBOAST K MPOAYKLUU PA3IUYHBIX METaOOIUTOB.
O PexTUBHBIT MHUKPOOHOM MPOU3BOAUT MEHBIIMNA TUANA30H BBIXOISALINX META0OJIUTOB, YeM
Hed(PPEeKTUBHBIIT MUKPOOMOM, ONHAKO C OOJBLIIUMH KOJHUYECTBAMU 3HAYHMBIX BBIXOISIINX
MeTabOJINTOB, KOTOPBIE TOCTYIIHBI JUIsI SHEPIUYHBIX TOTPEOHOCTEH JKUBOTHOTO.

@ur. 8. Ilonymsimmonnoe pacnpenenenue RFI wucnbityemoit koropter (146 KopoB).
Koposel ¢ skcTpemanbao Hu3kuM (n = 40) u skctpemanbHo BbicokuM (n = 38) RFI okparens! B
KPacHBII U CEepbIi COOTBETCTBEHHO U MPEACTABISIIOT coboi 25% nambonee u 25% HaumeHee
5 EeKTUBHBIX JKUBOTHBIX M3 KOropThl m3 146 xopoB. Dt 78 kopoB BbIOMpanu ansi otdopa
00pa3uoB pyOua u Gpexaauii.

@ur. 9. IIpoueHTHOE OTHOLIEHHE COMOCTABJICHHBIX MPOYTEHUH OT 00pasLoB
3¢ eKTUBHBIX U HeAPPEKTUBHBIX KOPOB KO BCEM I'eHaM MUKpoOHoMa. JIaHHbIE BBIPAKEHbI KaK
cpennee + SEM.

@wur. 10. Hucno reHoB B 00pasie kak GyHKIHs 4ucia npodYTeHui. [IpouTeHnst u3 Kakaoro
o0pasua BeIpaBHUBAJIM CO BCEMU T'eHaMH. UUCJIO BBIPOBHEHHBIX MPOYTEHUI HAHOCHIIU Ha rpaduk
IO OTHOIIEHUIO K 4YHUCIY TEeHOB, MOJYYEHHOMY Ui Kakaoro oOpasma. Mexnay IaByws
NIePEMEHHBIMU He HalHAeHO HUKaKOH Koppemsiuuu (P-3Hauenue = 0,074).

@ur. 11. OTtHOcuTenbHass 4YHMCICHHOCTb THIOB. (CocTaB MHKpOOMOMa JBYX TPYIII
3¢} eKTUBHOCTH Ha YpOBHE TUMA. [IpecTaBiIeHbl THITBI C OTHOCUTEIBHOW YHUCIEHHOCTBIO BBIIIE
0,001%. JanHble BoIpaxkeHbl Kak cpeaHee £ SEM.

@dur. 12A-B. PasnooOpaszme wu ngomuHupoBanue IlleHHoHa 5(dexkTuBHBX U
Hed(pdexTuBHBIX MUKPOOHOMOB. (A) PasHooOpa3ue llleHHOHA HA pa3TUYHBIX (PUIIOTEHETHYECKUX
ypoBHasix. (B) JlomuHHpOBaHNE HA Pa3IMYHBIX (PUIOTCHETHUECKUX YPOBHSIX. JlaHHBIE BBIPAKEHBI
kak cpenHee £ SEM. Kpurepuii cymmsl panroB Y uikokcoHa, *P <0,05.

@ur. 13A-1. TlporHo3upoBanne (PHU3HOIOrHYECKHUX U METAOOIMYECKHX IMPHU3HAKOB TIO
BU/IaM. BUnbL, KOTOpBIE OTIMYAINCH OTHOCUTENBHONW YHCICHHOCTBIO MEXAY 3(P(PEKTUBHBIMU U
He3(h(EeKTUBHBIMU KOPOBAMH, COPTUPOBAIIH 110 UX P-3HAYEHUSIM U rpynnupoBajin B OuabI 1o 100.
buHbl HCMONMB30BANIM B KAUeCTBE TMPOTHOCTHUECKMX  MMPHU3HAKOB  JJISI  Pa3JIMYHBIX
(pU3MONOTrHUECKUX MapaMeTPOB C UCIOIB30BaHUEM anropuTMa k-Ommxaiimmx coceneit (KNN) ¢
k = 3. Kaxxgast nrepanusi HCNOIb30Baja OTINYAKOLINICS ONH KaK MPOTHOCTUYECKHE NPU3HAKH, B

nopsinke Bozpactanusi P-3nauenus. (A) TouHOCT MPOrHO3UPOBaHUS KO3((UIINEHTa KOHBEPCHH
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kopma (CR). (B) TounocTs mporHo3mpoBaHusi copepxkanusi skupa moyioka. (C) TodHOCTB
nporHo3uposanus notpednerus cyxoro semectsa (DMI). (D) TouHOCTE MPOrHO3UPOBAHUS YOS
mosnoka. (E) TouHocTe mnporHo3mpoBanusi conepkanust Jjakto3el Mosoka. (F) TounocTs
nporaosupoanusi pH. (G) TouHocTh TpOrHO3WMpOBaHHs conepkaHusi Oenka mosoka. (H)
ToyHOCTH MPOTrHO3UPOBAHUS SHEPTETHUECKON LIeHHOCTH MOJIOKA. (I) TOYHOCTE MPOTHO3UPOBAHHUS
W3MEHEHUs OLICHKH ynuTaHHOCTH B Oajuiax (BCS).

@ur. 14A-1. IlporHo3upoBanue (PU3HOIOIHYECKHX U METAOONIMYECKHX IMPHU3HAKOB TIO
reHaMm. ['eHbl, KOTOpbIE OTIMYAINCh OTHOCUTEIBHOW YHCIEHHOCTBIO Mexny 3(dexTuBHbIMU U
He3(h(PEeKTHBHBIMU KOPOBAMH, COPTUPOBAIIH 110 UX F-3HAY€HUSAM U IpyNnupoBain B OunsI 1o 100.
bunbl ucmonmp3oBasM B KAueCTBE IMPOTHOCTHYECKMX  IPHU3HAKOB UL PA3JIMYHBIX
(U3NONOrHUECKUX MapaMeTpoOB C UCIOIb30BaHUEM anropurMa k-Onmxaiimmx coceneit (KNN) ¢
k = 3. Kaxknast uteparys UCIOJIb30BajIa OTIMYAIOLIHICS OUH KaK MPOrHOCTUYECKUE MPU3HAKY, B
nopsiiKe Bo3pacTaHusi P-3HaueHus. Pa3nuunble rpaduky mpeAcTaBIsSIOT MPOTHO3bI PA3THYHBIX
¢usuonornueckux mnapametrpoB. (A) Tounocts mnporHosupoBanus CR. (B) TouHOCTh
nporHo3uposanusi coxepkanus skupa Moisoka. (C) Tounocte mporHosupoBanuss DMI (D)
TounocTe nporHosupoBanuss yaos mojoka. (E) TodHOCTe MpOrHO3MpPOBAHUS COAEPIKAHUS
nakto3bl mojioka. (F) Tounocte mpornosupoBanus pH. (G) TodHOCTH NPOTHO3MPOBAHUS
copep:kanus 6enka Mosioka. (H) TouHOCTb MpOrHO3UpPOBAHUS SHEPTETUYECKON IEHHOCTH MOJIOKA.
(I) TounocTp nporHo3upoBanust u3menenus: BCS.

@ur. 15A-J. Ouenka cnerupUIHOCTH U 4y BCTBUTEIBHOCTH MPOTHO30B (PH3HOJOTHYECKIX
U MeTaboNIMYEeCKHX MPU3HAKOB MO BUAaM. KpuBble 3aBUCIMOCTH YyBCTBUTEIBHOCTH OT YaCTOT
aoxHOonojoxkuTeNbHbIX 3akmoueHnii (ROC) u umsmepenuss miomanu mnon kpusoi (AUC)
TIOJTY9aJIH JIJIs1 IEPBBIX MATH MPOTHOCTUYECKUX OUHOB (cM. urypy 2A, ¢urypy 11) Ha ocHOBaHUH
cpennero komudectsa 1000 urepanuii nepekpectHoi nmposepku ¢ nomombo KNN. (A) RFL (B)
ROC-anamu3 CR. (C) ROC-ananus conepsxanus xwupa mosoka. (D) ROC-anamn3 DML (E) ROC-
ananmu3 ynos monoka. (F) ROC-ananu3 conepskanus sakto3sl Mojioka. (G) ROC-anamus pH. (H)
ROC-ananu3 conep:xanust 6eka mojoka. (I) ROC-ananu3 sHepreTH4eCcKOl LIEHHOCTU MOJIOKA.
(J) ROC-ananu3 usmenenust BCS.

@ur. 16A-J. Ouenka cnenupUIHOCTH U 4yBCTBUTEILHOCTH POTHO30B (PH3HUOJOTrHYECKHX
U MeTabOJIMYECKUX MPHU3HAKOB MO reHaM. KpuBble 3aBHCHMOCTH YyBCTBUTEIBHOCTH OT YaCTOT
noxHononoxuTenbHbx 3akmoueHnid (ROC) m umsmepenuss miomanu nox kpusoi (AUC)
NIOJTY9aJIH 711 IEPBBIX MATH MPOTHOCTUYECKUX OMHOB (cM. durypy 2B, ¢urypy 12) Ha ocHOBaHNH
cpennero komudectsa 1000 urepanmii nepekpectHoii nmposepku ¢ nomombso KNN. (A) RFL (B)
ROC-anamu3 CR. (C) ROC-ananu3 conepsxanus xupa monoka. (D) ROC-anamn3 DML (E) ROC-

ananmu3 ynos monoka. (F) ROC-ananu3 conepskanust nakto3sl Mojoka. (G) ROC-anamus pH. (H)
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ROC-ananu3 conep:xanust Oeka mojioka. (I) ROC-ananu3 sHepreTH4ecKol LIEHHOCTU MOJIOKA.
(J) ROC-ananu3 usmenenust BCS.

Qur. 17A-D. In vitro mepeBapuMOCTh W In Vvivo mnepeBapumoctb. (A) In vitro
nepeBapuMocTb cyxoro BemectBa (DM) kopma mocne 24 4 mHKyOammu € COKOM pyOra
sbdexTuBHbIX U HedpdekTuBHbIX kopoB. (B) In vitro mnepeBapuMoCTh HEWTPaIBHO
paciersiemoit kneruatku (NDF) kopma nocne 24 4 nHkyOaruu ¢ cokom pyoua 3ppexTHBHBIX U
Hea(ppexkTuBHBIX KOpoB. (C) In vivo DM nepeBapumocts 3¢pdexkTuBHbX 1 HEI(DEKTUBHBIX
obpasuos kana. (D) In vivo NDF nepesapumocts 3¢ ekTuBHbIX 1 HEI((PEKTUBHBIX 00pa3LoB
kaja. JlanHble BeIpakeHbl Kak cpennee £ SEM.

@ur. 18. OTHOCHUTENbHAsT YUCIEHHOCTh 3HAYMMO pa3jM4yHbIX BUAOB. OTHOCHUTENbHAsS
YHCJIEHHOCTh 18 BHIOB, KOTOpBIE OKA3ajHCh 3HAYMMO PAa3IMYHBIMH MEXIy IBYMs IPYyNIaMu
s¢dexruBHOCTH. JlaHHBIEC BbIpaXKeHbI Kak cpenHee = SEM.

@ur. 19. AHanu3 ocHOBHBIX KOMIIOHEHTOB (PCA) reHOB, 00OTaleHHBIX B ABYX IPYIIAax
s¢pdexruHocTH - PCA mpoBoammu st MEKpOOHOMOB 3¢ ekTuBHBIX U He3(h(HEeKTUBHBIX KOPOB
¢ ucnojp3oBaHueM 34166 TeHOB, KOTOpBIE SBJSUIMCH 3HAYUMO PA3JIUYHBIMH MEXIY ABYMs
rpynnamu 3G QGeKTHBHOCTH.

@wur. 20. BeipaBHUBaHUE MPOYTEHUI C H3BECTHBIMU T€HOMaMU MUKPOOPTaHH3MOB pyOLa.
IlpouteHnst m3 Kaxnoro oOpasia BBIPABHUBAIHM C CEKBEHHPOBAHHBIMH I€HOMAaMU H3BECTHBIX
MHKpPOOPTaHU3MOB pybLa ¢ ucnojb3oBanreM HHCTpyMenta BW A. [IpencraBieHbl COOTHOIIEHUSI
Mekny HabopoMm 3 dekTUBHBbIX/HEAP(EKTHUBHBIX 00pa3lOB s KaKIOro reHoMma. JlaHHbIe
BbIpakeHbl Kak cpenHee = SEM. IlepecraHoBouHblii t-kputepuii, *P <0,05, **P <0,01, ***P
<0,001.

@ur. 21. PacnipocTpaHeHHe aKpUJIATHOTO MYTHU CPEIU OPraHU3MOB MHKpOoOHOMa pydua.
ITpourenus ot Bcex obpa3nos noasepramu BLAST no renam cyOwenmnnur anbda 6erta u ramma
nakromn-CoA-nerunparassl, (Reichardt ef al., 2014). IIpourenusi, KOTOpbIE MPOIILIN I'PAHIYHOE
3Ha4YeHue, coctapsiromee 60% UASHTUYHOCTH, COOMPANTU U AHHOTHPOBAJIU C HCIIOJIb30BAHHEM
6a3bl nanHbIX NR. TIpeacraBieHo MPOLEHTHOE OTHOIIEHHE KaXKA0H aHHOTAIH K O0IIeMy YUCITY

MIPOYTEHUH.

TloapoOHoe onucanue H300peTeHust

Hacrosimee wu300peTeHHe, COIrJIACHO HEKOTOPBIM €ro BapHaHTaM OCYIIECTBIICHUS,
oTHOCUTCS K Mukpodiope pydua u ee mnpumeHeHHsiM. COrIacHO OJHOMY BapUAHTY
OCYILIECTBIIEHHs HACTOsIIIEe N300pEeTEeHHe OTHOCUTCS K MUKpodiope pyOua 1uist peryIupoBaHus

3(1)(1)6KTI/IBHOCTI/I HCIIOJIb30BAHUA KOPMOB U NPOAYKLUMH METAaHA Y KBAYHbBIX JKUBOTHDIX.
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Crnenyer moHMMAaTh, YTO ONpPEAETICHHbIE MPU3HAKN HACTOSILNETO M300PETEHHsI, KOTOPhIE
IUI SICHOCTH ONHCAaHbl B KOHTEKCTE OTAENbHBIX BAPHAHTOB OCYINECTBJICHHUS, TAKXKE MOXKHO
NPEACTaBUTh B KOMOMHALIMM B OIHOM BapHaHTE OCYINECTBJIEHUs. HampoTus, pa3nudHble
NPU3HAKN HACTOSINEr0 M300peTeHUs], KOTOpPbIe JJisi KPaTKOCTH OMHMCAaHBbl B KOHTEKCTE OIHOTO
BapUAHTA OCYIIECTBJIEHUS, TAK)K€ MOKHO IMPEIACTABUTh OTAEIBHO WM B JIOOOH MOIXOAsIIei
MOJKOMOWHALINH.

JKBauHbIE KMBOTHBIE TIOJHOCTBIO 3aBUCAT OT UX MUKPOOHOTHI JJIs TIEpeBapUBAHHS KOPMa
U, CJIEIOBATENBHO, €€ KU3HECTIOCOOHOCTH. ABTOPBI HACTOSIIETO M300PETEHHsI MPENTIONOKUIIH,
YTO MOXET CYIIEeCTBOBATh CBSI3b MEXKIY COCTABOM M OTHOCHTEJIBHONW UHCJIEHHOCTHIO
PE3UIEHTHBIX OaKTEPHAIBHBIX TAKCOHOB PyOIa U (PU3NOJOTHUECKUX MAPAMETPOB XO3SIMHA.

D¢ (exkTUBHOCTh UCTONIB30BAHUS KOPMOB M3Mepsuid y 146 MOMHBIX KOPOB U aHAJIM3BI
TAKCOHOMHYECKOTO COCTaBa, COMAEP’KaHMS TE€HOB, MHKPOOHOJOrMYeCKOW aKTUBHOCTH |
MeTabO0JIOMHOH KOMITO3MIIMH MTPOBOIMIN HA MHKpOOHOMax pyOua u3 78 >KUBOTHBIX C CAMBIMHU
HKCTpeMaJbHbIMU (peHOTHIaMU. [IOHIKeHHAsT HACHIIIEHHOCTh B OTHOIIEHUH COJEP KAaHHs IeHOB
MHKpOOMOMa M TaKCOHOB TE€CHO CBsi3aHa ¢ Ooyiee BBICOKOH 3()()EKTHMBHOCTBIO HCIIOIb30BAHUS
KOpMOB. ['eHbl M BUABI MHUKPOOMOMa TOYHO CHpPOrHO3upoBanu ¢eHorun 3¢pdexkTuBHOCTH
UCIIONIb30BAHM KOPMOB JKMBOTHBIX. Cneumduueckoe oborameHne MHKPOOPraHU3MOB U
MeTabOoNMUecKNX NyTeH B KaKAOH M3 3TUX TIPyNI MHUKpPOOMOMAa NPHUBOAWIO K JIy4IIEMY
HAIpPaBJIEHUIO TOTOKOB SHEPTUH U YIJIEPOJa K )KUBOTHOMY, MIPH STOM CHMKasi BHIOPOCHI MeTaHa
B aTMocdepy. DTO NOHUMAHKE BKJIAJa B SKOJOTHIO M MEXaHU3MOB B MUKPOOHOME pyOLia MOKET
NPUBECTH K YBEJIMYEHHIO JOCTYIHBIX MPOJOBOJBCTBEHHBIX PECYPCOB U SKOJOTHYECKH
6e30MmacHOro JKHBOTHOBOZCTBA.

Takum 0Opa3oMm, COTIACHO MEPBOMY aCMEKTy HACTOSILIEr0 M300peTeHHs MpeayCMOTPEH
cioco0 onpenenerus >PQPEKTUBHOCTH HCIONb30BAHUS KOPMOB HJIM TPOAYKLHH MeTaHa
JKBAYHOT'O  JKMBOTHOTO, TNPEAYCMATPUBAIOINUN  aHANM3 4YHUCIa W/WiIH  pa3HooOpasus
OaKkTepHaIbHOrO TAKCOHA MUKPOOHOMA JKMBOTHOTO, MPUYEM YUCIIO H/UJIH Pa3HOOOpa3He TAKCOHA
HIDKE 3aJaHHOTO YPOBHSI SIBJISIETCSI TTOKA3aTEJIEM KMBOTHOTO, XapaKTEPHU3YIOLIEroCs BBICOKOH
3¢ EKTUBHOCTBIO HUCIIOJIb30BAHMS KOPMOB M HU3KOH MPOAYKIHMEH MeTaHa.

Hcnonp3yeMelii B HACTOSIEM TOKYMEHTe TepMHUH “‘3((EKTUBHOCTb HCIIOJIB30BAHMS
KOPMOB” OTHOCHTCSI K CIIOCOOHOCTH JKMBOTHOTO H3BJIEKATh JHEPTHI0 M3 CBOEH MHINH.
D¢ (hekTUBHOCTD MCIIONB30BaHMUS KOPMOB IMPEACTABISET COOOH pasHUIY MEXAY (PaKkTHUECKUM
notpeOieHueM KopMa SKHBOTHOTO M €r0 MPOrHO3UPYEMBIM MOTPeOIeHHEM KOPMa Ha OCHOBE €r0
YPOBHSI IPOAYKIIMH U MAacChl Tesa. Takum o0pa3oM, KHUBOTHOE ¢ “BbICOKON 3¢ eKTUBHOCTHIO
UCTIOJIb30BaHMSI KOPMOB TPEICTABISIET COOON JKUBOTHOE, KOTOPOE MPOU3BOAUT OOJbIIE MOJIOKA

WJIH BECUT OOJIblIe TOro, 4€M CIIPOTHO3UPOBAHO HA OCHOBE €T0 l'IOTpe6J'IeHI/I$I KopMa. KusorHoe
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¢ “orpunarenbHON” 3((H)EKTUBHOCTHIO HCIIOIB30BAHMS KOPMOB MPEICTABIISIET COOOM KUBOTHOE,
KOTOpPOE MPOU3BOANUT MEHBIIIE MOJIOKA MJIM BECUT MEHBIIIE, UeM CIIPOTHO3UPOBAHO HA OCHOBE €r0
notpebneHust kopma. CoriacHO OIHOMY BapUAHTy OCYLIECTBICHHUS JHEPTrEeTHUECKYIO
3¢ EKTUBHOCTD U3MEPSIIOT € MCIIOJIb30BAHUEM criocoba octaTouHoro norpednenus: kopma (RFI)
(Koch et al., 1963) n ee MOXXHO paccuuTaTh B COOTBETCTBHU ¢ (popmynamu HarmonanbHOTro
uccienosarenbckoro cosera 2001 rona. Oxunaemble 3HaueHus RFI anis kasknoil KOPOBbI MOKHO
paccuyMTaTh Ha OCHOBE YPAaBHEHHSI MHOKECTBEHHOM PETPECCHH.

CornacHO OZHOMY BapHaHTy OCYINECTBIIEHUS KMBOTHOE MOJKHO KJIACCU(PHUIIMPOBATH KAaK
xapakrepusyromeecss HU3kuM RFI (mnn BeicOKON 3(QEeKTHBHOCTBIO HUCIIONB30BAHUS KOPMOB),
€CJIM OHO XapaKTepu3yeTcs o MeHblien Mepe Ha 0,05 cTaHAapTHBIX OTKIOHEHUM HUXKE CPEIHErO
3nauenus RFI crapa (mpu aToM cTano cocrasisieT o MeHblueil Mepe 15 JKMBOTHBIX).

CornacHo OZHOMY BapHaHTy OCYINECTBIJIEHUS *KMBOTHOE MOJKHO KJIACCU(PHUIIMPOBATH KaK
xapaktepusyromeecss HU3KUM RFI (mnn Bbicokol 3()(eKTUBHOCTBIO HCIOIB30BAHHS KOPMOB),
€CJIM OHO XapaKTepu3yeTcs o MeHbuIei Mepe Ha 0,05 cTaHAapTHBIX OTKJIOHEHUIN HUKE CPEAHETO
snauenusi RFI crapa (mpu 3TOM CTano cocTasJsieT o MeHbinei Mepe 15 JKUBOTHBIX).

CornacHO OZHOMY BapHaHTy OCYIIECTBJICHHS JKUBOTHOE MOXKHO KJIACCU(UIIMPOBATH KaK
xapakrepusyroreecs: HU3KUM RFI (mnn BeicOKOW 3 QeKTHBHOCTHIO HMCIIONB30BAHUS KOPMOB),
€CJIM OHO XapakTepu3yeTcs 10 MeHblIel Mepe Ha | cTaHAapTHOE OTKJIOHEHHE HUXKE CPEeIHEero
snauenust RFI crama (mpu 5TOM CTano cocTassieT o MeHbInei Mepe 15 JKUBOTHBIX).

CornacHoO OTHOMY BapHAHTY OCYINECTBJICHUS KHBOTHOE MOXKHO KJIACCU(PHUIIMPOBATH KaK
xapakrepusyromeecs: HI3KUM RFI (win BeicOKOH 3(QQEeKTHBHOCTBIO HMCIIONB30BAHUS KOPMOB),
€CJIH OHO XapPaKTePU3yeTCsl O MEHbINEH Mepe Ha 2 CTaHAAPTHBIX OTKJIOHEHUS] HUXKE CPEIHETO
3Hadyenust RFI ctaga, mpu 5TOM CTano cocrasisieT O MeHbIIeH Mepe 15 KUBOTHBIX.

CornacHoO OZHOMY BapHaHTy OCYINECTBIJICHUS KHBOTHOE MOJKHO KJIACCU(PHUIIMPOBATH KaK
xapakrepusyromeecs: HI3KUM RFI (min BeicOKOH 3P QEeKTHBHOCTBIO HMCIIONB30BAHUS KOPMOB),
€CJTH OHO XapaKTepU3yeTCsl MO MEHbIIEH Mepe Ha 3 CTaHAAPTHBIX OTKJIOHEHUS] HUXKE CPEIHETO
3Hadyenust RFI ctaga, mpu 5TOM CTano cOCTaBisieT MO MEHbIIEH Mepe 15 KUBOTHBIX.

CornacHoO OTHOMY BapHaHTY OCYINECTBIJICHUS KHBOTHOE MOJKHO KJIACCU(PHUIIMPOBATH KaK
xapakrepusyrommeecs: HI3KUM RFI (mn BeICOKOH 3(PQEeKTHBHOCTBIO HCIIONB30BAHUS KOPMOB),
€CITH OHO XapaKTePU3yeTCsl O MEHbIIEH Mepe Ha 4 CTaHOAPTHBIX OTKJIOHEHHS] HIXKE CPEIHETO
3nauenust RFI craga (mpu 3TOM cTano cocrasisieT o MeHbIneil Mepe 15 JKUBOTHBIX).

CornacHoO OTHOMY BapHaHTY OCYINECTBIICHUS KHBOTHOE MOJKHO KJIACCH(PHUIIMPOBATH KaK
xapakrepusyrommeecss HI3KUM RFI (mn BeicOKOH 3(PQEeKTHBHOCTBIO HMCIIONB30BAHUS KOPMOB),
€CJIM OHO XapaKTepPU3YyeTCsl O MEHbIIEH Mepe Ha 5 CTaHAAPTHBIX OTKJIOHEHUN HHXXE CPEIHErO

3nauenust RFI crapa (mpu 3TOM €Tanmo cocrasisieT o MeHbIneil Mepe 15 JKUBOTHBIX).
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CornacHO OZHOMY BapHaHTy OCYINECTBJIEHUS KHBOTHOE MOJKHO KJIACCU(PHUIIMPOBATH KaK
xapakrepusyromeecs: HI3KUM RFI (mmn BeicOKOH 3(PQEeKTHBHOCTBIO HCIIONB30BAHUS KOPMOB),
€CJIM OHO XapaKTepU3yeTCsl MO MEHbIEH Mepe Ha 6 CTaHAAPTHBIX OTKJIOHEHUN HHXXE CPEIHErO
3nauenust RFI craga (mpu 3TOM cTano cocrasisieT Mo MeHbIneil Mepe 15 JKMBOTHBIX).

CornacHO OZHOMY BapHaHTY OCYINECTBJIEHUS KHBOTHOE MOJKHO KJIACCU(PHUIIMPOBATH KaK
xapakrepusyroeecs: BbICOKUM RFI (mmu HM3KOH 3(PPEKTHBHOCTBIO HCIOIB30BAHUS KOPMOB),
€CJIM OHO XapaKTepU3yeTcs 1o MeHbIuen Mepe Ha 0,05 cTanAapTHBIX OTKJIOHEHUH BBILIE CPEIHErO
3nauenust RFI crapa (mpu 3TOM cTano cocrasisieT o MeHblneil Mepe 15 JKMBOTHBIX).

CornacHO OZHOMY BapHaHTy OCYINECTBIJIEHUS KMBOTHOE MOJKHO KJIACCU(PHUIIMPOBATH KaK
xapakrepusyroineecs: BbicokuM RFI (mnn Huskoil sHepreTuueckoit 3 pexTuBHOCTHIO), €CIU OHO
XapakTepu3yeTrcs 1o MeHbLuel Mepe Ha 0,5 cTaHAapTHBIX OTKJIOHEHUH BbILIE CPEIHETO 3HAUEHUS
RFI craga (mpu 3TOM CTaA0 COCTABISET 1O MEHbIIEH Mepe 15 KUBOTHBIX).

CornacHO OZHOMY BapUaHTy OCYIIECTBJICHHS JKUBOTHOE MOXKHO KJIACCU(UIIMPOBATH KaK
xapakrepusyroineecs: BbiIcokuM RFI (unu Hu3ko# sHepreTuueckoit 3 GpeKkTHBHOCTBIO), €CIU OHO
XapakTepusyercs Mo MeHbllel Mepe Ha | cTaHIapTHOE OTKJIOHEHHE BBIIIE CPEAHEro 3HAYeHUs
RFI craga (mpu 3TOM CTaZ0 COCTABIISIET 1O MEHbIIeH Mepe 15 KUBOTHBIX).

CornacHO OZHOMY BapHaHTy OCYIIECTBJICHHS JKUBOTHOE MOXKHO KJIACCU(HUIIMPOBATH KaK
xapakrepusyroineecs: BbicokuM RFI (wnu Hu3KO#H 3HepreTuueckoit 3 GeKkTHBHOCTBIO), €CIU OHO
XapaKTepU3yeTcs 0 MEHbLIeH Mepe Ha 2 CTAHAAPTHBIX OTKJIOHEHHs BbILIE CPEIHEr0 3HAYCHUS
RFI crana, mpu 5TOM CTag0 COCTABISAET 110 MEHBbIIEH Mepe 15 KUBOTHBIX.

CornacHO OTHOMY BapHaHTY OCYINECTBJICHHUS KHBOTHOE MOJKHO KJIACCU(PHUIIMPOBATH KaK
xapakrepusyrorneecs: BbIcokuM RFI (wn HU3KOH sHepreTnueckoit 3pQpeKTHBHOCTBIO), €CIU OHO
XapaKTepU3yeTcs 0 MEHbLIeH Mepe Ha 3 CTAHAAPTHBIX OTKJIOHEHHS BbILIE CPEIHEr0 3HAYCHUS
RFI crana, mpu 5TOM CTan0 COCTABISAET 10 MEHBbIIEH Mepe 15 KUBOTHBIX.

CornacHO OTHOMY BapHaHTY OCYINECTBIJIEHUS KHBOTHOE MOJKHO KJIACCU(PHUIIMPOBATH KaK
xapakrepusyroreecs: BbicokuM RFI (wmn Hu3Ko#H 3HepreTuueckoit 3 peKTHBHOCTHIO), €CJIU OHO
XapaKkTepu3yeTcs 0 MEHbLIeH Mepe Ha 4 CTAHAAPTHBIX OTKJIOHEHHS BbILIE CPEIHEr0 3HAYCHUS
RFI craga (mpu 3TOM CTaA0 COCTABISIET IO MEHbIIEH Mepe 15 KUBOTHBIX).

CoriacHO OTHOMY BapHaHTY OCYINECTBIICHUS KHBOTHOE MOJKHO KJIACCU(PHUIIMPOBATH KaK
xapakrepusyroeecs: BbiIcokuM RFI (mn Hu3Ko# 3HepreTnueckoit 3 peKTHBHOCTBIO), €CIIN OHO
XapakTepu3yeTcs MO MEHbIIEH Mepe Ha S5 CTAaHTAPTHBIX OTKJIOHEHWH HIDKE CPEIHEro 3HAYCHHUS
RFI craga (mpu 3TOM CTaA0 COCTABISIET IO MEHbIIEH Mepe 15 KUBOTHBIX).

CornacHoO OZHOMY BapHaHTy OCYINECTBIICHUS KHBOTHOE MOJKHO KJIACCU(PHUIIMPOBATH KaK

xapakrepusyroieecs: BbiIcokuM RFI (wmn Hu3ko# sHepreTnueckoit 3 peKTUBHOCTHIO), €CIIU OHO
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XapaKkTepu3yeTcs N0 MEHbIIeH Mepe Ha 6 CTaHNAPTHBIX OTKJIOHEHHUH BBIIIE CPETHETO 3HAYCHUS
RFI craga (mpu 3TOM CTaA0 COCTABISIET IO MEHbIIEH Mepe 15 KUBOTHBIX).

CornacHO OZHOMY BapHaHTy OCYINECTBJIEHUS KHBOTHOE MOJKHO KJIACCU(PHUIIMPOBATH KaK
xapakrepusyrommeecss HI3KUM RFI (mn BeicOKOH 3(PPEKTHBHOCTBIO HUCIIONB30BAHUS KOPMOB),
eciu ero mnortpednenne cyxoro BemectBa (DMI) cocraBiasier mMeHee 1 Kr B JA€Hb, YeM
NPOTHO3MPOBAJIN B COOTBETCTBHH C €r0 OXXKMIAEMbIM NOTpeOIeHneM MUIIHU (PaCCYUTAaHHBIM Kak
(byHKLMSA MacChl ¥ IPONYKIUH MOJIOKA, KaK OMHCAHO B HACTOSIIIEM JOKYMEHTE BBIIIE).

CornacHO OZHOMY BapHaHTy OCYINECTBJIEHUS KHBOTHOE MOJKHO KJIACCU(PHUIIMPOBATH KaK
xapakrepusyromeecss HU3kuM RFI (mnn BeicOKON 3(QEeKTHBHOCTBIO HUCIIONB30BAHUS KOPMOB),
eciu ero mnorpednenune cyxoro BemectBa (DMI) cocraBiasier MeHee 2 Kr' B J€Hb, YeM
IPOTHO3MPOBAJIN B COOTBETCTBUU C €r0 OXKUIAEMbIM MOTPEOIEHHEM MTHUILHU.

CornacHo OZHOMY BapHaHTy OCYINECTBJIEHUS KMBOTHOE MOJKHO KJIACCU(PHUIIMPOBATH KaK
xapaktepusyromeecss HU3KUM RFI (mnn Bbicokol 3()(eKTUBHOCTBIO HCIOIB30BAHHS KOPMOB),
ecnmu ero morpebnenue cyxoro BemectBa (DMI) cocraBiser mMeHee 4 Kr B J€Hb, 4YeM
IPOTHO3UPOBAJIM B COOTBETCTBHH C €r0 OXKUAAEMbIM ITOTPEOICHHEM ITHIIH.

CornacHO OZHOMY BapUaHTy OCYIIECTBIICHHS JKUBOTHOE MOXKHO KJIACCH(UIIMPOBATH KaK
xapakrepusyroreecs: HU3KUM RFI (mnn BeicOKOW 3 QeKTHBHOCTHIO HMCIIONB30BAHUS KOPMOB),
ecnmu ero mnorpebnenue cyxoro BemectBa (DMI) cocraBisier MeHee 8 Kr B J€Hb, 4eM
MPOTHO3MPOBAIIU B COOTBETCTBUU C €r0 OXKUIAEMbIM MOTPEOJIEHUEM MTUIIHU.

CornacHO OTHOMY BapHAHTY OCYINECTBJICHUS KHBOTHOE MOXKHO KJIACCU(PHUIIMPOBATH KaK
xapakrepusyromeecs: HI3KUM RFI (win BeicOKOH 3(QQEeKTHBHOCTBIO HMCIIONB30BAHUS KOPMOB),
ecnu ero mortpebnenne cyxoro BemectBa (DMI) cocraBnsier mMeHee 16 Kr B JIeHb, 4eM
MPOTHO3MPOBAIU B COOTBETCTBUU C €TI0 OXKUIAEMBIM MOTPEOJIEHUEM MTUIIHU.

CornacHO OTHOMY BapHaHTY OCYINECTBJIEHUS KHBOTHOE MOJKHO KJIACCU(PHUIIMPOBATH KaK
xapakrepusyromeecs: HI3KUM RFI (min BeicOKOH 3P QEeKTHBHOCTBIO HMCIIONB30BAHUS KOPMOB),
eciiu ero morpebnenue cyxoro BemectBa (DMI cocraBnsier meHee 32 Kr B J€Hb, YeM
NPOTHO3MPOBAJIN B COOTBETCTBUH C €r0 OXKUIAEMBIM MOTPEOIEHUEM MTUIIHU.

CornacHo omfHOMY BapHaHTY OCYINECTBIIEHUS )KUBOTHOE MOYKHO KJIACCU(HUIIMPOBATD KaK
xapakrepusyrommeecs: HI3KUM RFI (mn BeICOKOH 3(PQEeKTHBHOCTBIO HCIIONB30BAHUS KOPMOB),
€CJTM OHO MPOU3BOIUT |,5-KpaTHOE KOJINYECTBO MOJIOKA MITH BECHT B 1,5 pasa Ooublie Maccel, 4em
NPOTHO3MPOBAJIN B COOTBETCTBUH C €r0 MOTPEOIEHUEM TUIIH.

CornacHO OTHOMY BapHaHTY OCYINECTBIIEHUS KHBOTHOE MOJKHO KJIACCU(PHUIIMPOBATH KaK
xapakrepusyrommeecss HI3KUM RFI (mn BeicOKOH 3(PQEeKTHBHOCTBIO HMCIIONB30BAHUS KOPMOB),
€CJIM OHO TMPOU3BOANT 2-KPaTHOE KOJMYECTBO MOJIOKA WJIM BECHUT B 2 pa3a OOJbIe MaCChl, YeM

MPOrHO3HUpPOBaAJIN B COOTBETCTBHUU C €TO HOTpe6J'IeHI/IeM TTHIITH.
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CornacHO OZHOMY BapHaHTy OCYINECTBJIEHUS KHBOTHOE MOJKHO KJIACCU(PHUIIMPOBATH KaK
xapakrepusyromeecs: HI3KUM RFI (mmn BeicOKOH 3(PQEeKTHBHOCTBIO HCIIONB30BAHUS KOPMOB),
€CJIM OHO IPOM3BOIUT 2,5 -KpaTHOE KOJIMYECTBO MOJIOKA FITH BECUT 2,5 pasza OOJbIIe MacChl, UeM
NPOTHO3MPOBAJIN B COOTBETCTBUH C €r0 MOTPeOIEHHEM MTUIIH.

CornacHO OZHOMY BapHaHTY OCYINECTBJIEHUS KHBOTHOE MOJKHO KJIACCU(PHUIIMPOBATH KaK
xapakrepusyrommeecss HI3KUM RFI (mnn BeicOKOH 3(PQEKTHBHOCTBIO HUCIIONB30BAHUS KOPMOB),
€CJI OHO NPOM3BOAMT 3-KPAaTHOE KOJMYECTBO MOJIOKA HJIM BeCUT 3 pas3a OoJbIle MAacChl, 4YeM
NPOTHO3MPOBAJIN B COOTBETCTBUH C €r0 MOTPeOIEHHUEM MTUIIH.

CornacHO OZHOMY BapHaHTy OCYINECTBIJIEHUS KMBOTHOE MOJKHO KJIACCU(PHUIIMPOBATH KaK
xapakrepusyrommeecss HU3kuM RFI (mnn BeicOKOH 3(PPEKTHBHOCTBIO HUCIIONB30BAHUS KOPMOB),
€CJIM OHO MPOU3BOAUT 3,5-KpaTHOE KOJMUYECTBO MOJIOKA MJIM BECHUT 3,5 pas3a OoJibllie Macchl, YeM
NPOTHO3UPOBAJIHM B COOTBETCTBHH C €r0 MOTPEOIEHHEM ITHIIH.

CornacHO OZHOMY BapUaHTy OCYIIECTBJICHHS JKUBOTHOE MOXKHO KJIACCU(UIIMPOBATH KaK
xapaktepusyromeecss HU3KkUM RFI (mnn Bbicokol 3()(eKTHBHOCTBIO HCIIONB30BAHHS KOPMOB),
€CJIM OHO TIPOM3BOIUT 4-KpPaTHOE KOJUYECTBO MOJIOKA MM BECUT 4 pa3a OOJsbIe MAcChl, 4eM
IPOTHO3UPOBAJIM B COOTBETCTBHH C €r0 MOTPEOICHHEM ITHIIH.

CornacHO OZHOMY BapHaHTy OCYIIECTBJICHHS JKUBOTHOE MOXKHO KJIACCU(HUIIMPOBATH KaK
xapakrepusyromeecs: HU3KUM RFI (mnin BeicOKOW 3QQEeKTHBHOCTBIO HMCIIONB30BAHUS KOPMOB),
€CJIF OHO NMPOU3BOAUT 4,5-KpaTHOE KOJIMYECTBO MOJIOKA HJIH BeCHUT 4,5 pa3a GoJble Macchl, 4eM
MPOTHO3MPOBAJIU B COOTBETCTBUH C €r0 MOTPeOIEHUEM MUIIH.

CornacHO OTHOMY BapHaHTY OCYINECTBJICHHUS KHBOTHOE MOJKHO KJIACCU(PHUIIMPOBATH KaK
xapakrepusyromeecs: HI3KUM RFI (min BeicOKOH 3(QQEeKTHBHOCTBIO HMCIIONB30BAHUS KOPMOB),
€CII OHO NPOM3BOAMT 5-KPAaTHOE KOJMYECTBO MOJIOKA HUIM BECUT 5 pas3a OOoJbIe MacChl, 4eM
MPOTHO3MPOBAJIU B COOTBETCTBUH C €r0 MOTPEOIEHUEM MTUIIH.

TepmMun “npoxmykiuss MeraHa’ OTHOCUTCS K KOJIMYECTBY METaHa, BBIIEISIEMOrO
JKUBOTHBIMH B YHCTOM BHJIE WJIM MPOM3BOIUMOrO MHUKpoOMoMoM. Ee MOXHO u3MepsTh B
€IMHULIAX T B ICHb WM T Ha KT MOTPEOJIEHHsT CyXOTrO BEIECTBA.

CornacHO OZHOMY BapHaHTY OCYINECTBIJIEHUS KHBOTHOE MOJKHO KJIACCU(PHUIIMPOBATH KaK
“BBICOKMIM NPOW3BOAUTENb METaHa , €CJIM OHO XapakTepusyeTcs Mo MeHblieil Mepe Ha 0,05
CTaHAAPTHBIX OTKJIOHEHHUH BBIIIE CPEHEH MPOAYKIIMH METaHa CTafa.

CornacHO OZHOMY BapHaHTy OCYINECTBIIEHUS KHBOTHOE MOJKHO KJIACCU(PHUIIMPOBATH KaK
“BBICOKMIM TNPOU3BOAUTENIb METaHa , €CJIM OHO XapakTepusyercs no MeHbliedl mepe Ha 0,5

CTaHAAPTHBIX OTKJIOHEHHI1 BBIIIIE CpeHHeﬁ MpOAYyKLIMU METaHa CTaaa.
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CornacHO OZHOMY BapHaHTy OCYINECTBJIEHUS KHBOTHOE MOJKHO KJIACCU(PHUIIMPOBATH KaK
“BBICOKUN TPOU3BOAUTEIb METaHA , €CJIM OHO XapaKTepHU3yeTcs MO MEHbIIel mepe Ha 1
CTaHJApTHOE OTKJIOHEHUE BbIIlIE€ CPEeIHEN MPOAYKLIUY METaHa CTaja.

CornacHO OZHOMY BapHaHTY OCYINECTBJIEHUS KHBOTHOE MOJKHO KJIACCU(PHUIIMPOBATH KaK
“BBICOKUN TPOU3BOAUTEIb METaHA , €CIM OHO XapaKTepHU3yeTCs MO MEHbIIeH Mepe Ha 2
CTaHJAPTHBIX OTKJIOHEHUs BBILIE CPEHEN NPOAYKLIMN METaHa CTajaa.

CornacHO OZHOMY BapHaHTy OCYINECTBJIEHUS KHBOTHOE MOJKHO KJIACCU(PHUIIMPOBATH KaK
“BBICOKUN TMPOU3BOJAUTEIb METaHA , €CIM OHO XapakTepHU3yeTCs MO MEHblIel Mmepe Ha 3
CTaHJAPTHBIX OTKJIOHEHUS BBILIE CPEHEN NPOAYKLIUU METaHa CTajaa.

CornacHo OZHOMY BapHaHTy OCYINECTBJIEHUS KMBOTHOE MOJKHO KJIACCU(PHUIIMPOBATH KaK
“BBICOKUN TMPOU3BOAUTEIb METaHA , €CIM OHO XapakTepU3yeTcs MO MeHblIell mepe Ha 4
CTaHJAPTHBIX OTKJIOHEHUS BBILIE CPEHEN NPOAYKLUN METaHa CTaAa.

CornacHO OZHOMY BapUaHTy OCYIIECTBJICHHS JKUBOTHOE MOXKHO KJIACCU(UIIMPOBATH KaK
“BBICOKHMI TPOU3BONUTENb METaHA , €CIM OHO XapakTepu3yercsi MO MeHblIel mepe Ha S
CTaHJAPTHBIX OTKJIOHEHUH BBILIE CPEAHENH NPOAYKLMU METaHa CTaja.

CornacHO OZHOMY BapHaHTy OCYIIECTBJICHHS JKUBOTHOE MOXKHO KJIACCU(UIIMPOBATH KaK
“BBICOKMI TPOU3BONUTENb METaHA , €CIM OHO XapakTepu3yeTcs MO MeHblIeH Mepe Ha 6
CTaHIAPTHBIX OTKJIOHEHUH BBILIE CpeAHeN MPOAYKIIMH METaHa CTaa.

TepMuH “HU3KUN NPOU3BOAUTENH METAHA OTHOCHUTCA K KOJHMYECTBY, COCTABIISIOLIEMY
menbiie yeM 100 r B neHb uin 10 T Ha KT mOTpeOJIeHUs: CyXOTro BEIIeCTBa, KOTOPOE MPOU3BOIUTCS
B MUKpoOUoOMe (Hanpumep, MUKpoOroMe pyoO1ia/pekaibHOM MUKPOOHOME) SKUBOTHOTO.

CornacHO OTHOMY BapHaHTY OCYINECTBIJIEHUS KHBOTHOE MOJKHO KJIACCU(PHUIIMPOBATH KaK
“HU3KUNA TPOU3BOJAUTENb METaHa , €CJIM OHO XapakTepu3yercsi 1mo MeHblued mepe Ha 0,05
CTaHAAPTHBIX OTKJIOHEHUHN HUKE CPEeHEH NMPOAYKIIMU MEeTaHa CTaa.

CornacHO OTHOMY BapHaHTY OCYINECTBIJIEHUS KHBOTHOE MOJKHO KJIACCU(PHUIIMPOBATH KaK
“HU3KUN TPOM3BOAUTENIL METaHA , €CIU OHO XapakTepu3yeTcss mo MeHbiner mepe Ha 0,5
CTaHAAPTHBIX OTKJIOHEHUIN HUKE CPEeHEH NMPOAYKIIMU MEeTaHa CTaa.

CornacHO OTHOMY BapHaHTY OCYINECTBIJICHUS KHBOTHOE MOJKHO KJIACCU(PHUIIMPOBATH KaK
“HU3KUN TPOU3BOAMUTENL METaHa , €CJIM OHO XapaKTEepPU3yeTcsi MO MeHblueld Mepe Ha |
CTaHJapTHOE OTKJIOHEHHE HUXKe CpelHel MPOAYKIIMY MeTaHa CTaja.

CornacHO OZHOMY BapHaHTy OCYINECTBIICHUS KHBOTHOE MOJKHO KJIACCU(PHUIIMPOBATH KaK
“HU3KUNA TPOU3BOAMUTENL METAaHA , €CJIM OHO XapaKTEepPU3yeTCsi MO MeEHbIIed Mepe Ha 2

CTaHAAPTHBIX OTKJIOHCHUA HUXKE CpeHHeﬁ MpOAyKLMKW METaHa CTaaa.
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CornacHO OZHOMY BapHaHTy OCYINECTBJIEHUS KHBOTHOE MOJKHO KJIACCU(PHUIIMPOBATH KaK
"HU3KUN TPOU3BOAMUTENIb METAaHA , €CJIM OHO XapakTEepU3yeTcss MO MeHbllel Mepe Ha 3
CTaHJAPTHBIX OTKJIOHEHUS HUXXE CpellHel MPOAYKLIMY MeTaHa CTaja.

CornacHO OZHOMY BapHaHTY OCYINECTBJIEHUS KHBOTHOE MOJKHO KJIACCU(PHUIIMPOBATH KaK
"HU3KUN TPOU3BOAMUTENIb METAaHA , €CJIM OHO XapakTEepU3yeTcss MO MeHbllel Mepe Ha 4
CTaHJAPTHBIX OTKJIOHEHUS] HUXXE CpellHel MPOAYKLIMY MeTaHa CTaja.

CornacHO OZHOMY BapHaHTy OCYINECTBJIEHUS KHBOTHOE MOJKHO KJIACCU(PHUIIMPOBATH KaK
"HU3KUN TPOU3BOAUTENIb METAaHA , €CJIM OHO XapaKTEepU3yeTcss IO MeEHbIIeW Mepe Ha S
CTAHJAPTHBIX OTKJIOHEHUN HUXE CPEAHEN MPOAYKLUHA METaHA CTaa.

CornacHo OZHOMY BapHaHTy OCYINECTBJIEHUS KMBOTHOE MOJKHO KJIACCU(PHUIIMPOBATH KaK
"HU3KUN TPOU3BOAMUTENIb METAaHA , €CJIM OHO XapakTepU3yeTcss MO MeHblleld Mepe Ha 6
CTaHJAPTHBIX OTKJIOHEHUH HIDKE CPEHEN NPOAYKLIUN METaHa CTaja.

JKBauHble )KUBOTHBIE, TPEAYCMOTPEHHbIE HACTOSIIMM H300pETeHHEM, BKIIFOUAIOT B ce0sl,
HaIrpuMep, CIEAYIOLINX: KPYIHBIA pOraThlii CKOT (HarmpuMep, KOPOBBI), KO3bI, OBLBI, JKUPaQHI,
aMepHUKAHCKUI OU30H, eBpOneickuii 3yOp, sk, a3UaTCKuii OyHBOJ, OJIEHH, BEPOIIO/IbI, aJIbIIAKH,
JlaMBbl, THY, aHTUJIONA, BUJIOPOrasl aHTUJIONA U aHTUJIONA HUJIbray.

CornacHoO KOHKPETHOMY BapUaHTy OCYLIECTBJIEHHs >KBAYHOE >KUBOTHOE IPENCTaBISAET
co0o¥ KOpOBY.

CornacHo HacTosiIeMy H300pETEHHIO MPENyCMOTPEHO ormpenesieHrne 3hHeKTHBHOCTU
UCTIONIb30BaHUSI KOPMOB Yy JKBaYHBIX JKMBOTHBIX BCeX BO3pacToB. COrjacHO KOHKPETHOMY
BAPUAHTy  OCYLIECTBJICHHMsS  JKUBOTHbIE, (EHOTHI  KOTOPbIX  HM3MEHEH,  SIBIISFOTCS
HOBOPOKIACHHBIMH, KaK MPABHJIO, BO3PacTOM He Oosee ogHoro aust. CorlacHO IpyroMy BapuaHTy
OCYLIECTBJIEHHs] BO3PACT JKMBOTHBIX COCTaBJsieT He Oonee nByx aHed. CorjacHo Apyromy
BApUAHTy OCYINECTBIIEHUS] BO3PACT JKMBOTHBIX COCTaBJIsieT He Oonee Tpex nHeil. CoriacHo
APYyroMy BapUaHTy OCYINECTBJIEHUS] BO3PACT >KUBOTHBIX COCTaBisieT He Ooinee 1 Henmenu.
CornacHo pyromy BapHaHTy OCYLIECTBICHHSI BO3PACT JKUBOTHBIX COCTABJISIET HE OoJiee 2 Helelb.
CornacHo npyromy BapHaHTy OCYLIECTBIEHHs BO3pPAcT JKUBOTHBIX COCTaBisieT He Oonee 1
mecsina. CornacHO ApyroMy BapUaHTY OCYLIECTBICHHS BO3PACT JKHUBOTHBIX COCTABIISIET He Ooee
3 Mecsues. CornacHo erie OAHOMY BapUaHTY OCYLIECTBIIEHHUS )KUBOTHBIE SIBJISIOTCS B3POCIBIMU.

Hcnonp3yeMelii B HACTOSAIIEM JOKYMEHTE TEPMUH “‘MHUKPOOMOM~ OTHOCHTCA K
COBOKYITHOCTH MHKpPOOpraHu3MoB (Oakrepuii, rpuOOB, NPOCTEHINNX), WX TICHETUYECKHX
3JIEMEHTOB (T€HOMOB) B OINPENIeNIEHHOM Cpene.

CornacHo KOHKPETHOMY BapHaHTy OCYIIECTBIEHUS MHUKPOOHMOM TMpencTaBisieT coOoi

MUKPOOHOM pyO1a.
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CornacHo ApyroMy BapHaHTy OCYIUECTBJICHHsS MHKPOOHMOM TOJNYy4YeH W3 3J0pPOBOTO
YKHBOTHOTO (T.€. MUKPOOHOM IpencTaBisieT coO0H HeMaTOreHHbIH MUKPOOHOM).

Ob6pazen; MUKPOOHOTHI COAEPKUT 0Opa3el] MUKPOOPTAHU3MOB H/HITH UX KOMIIOHEHTOB WU
NPOIYKTOB U3 MUKpobHuoma.

CornacHO HEKOTOPBIM BapHUAHTaM OCYINECTBJICHHsSI 0o0Opa3er] MHUKPOOHOTHI COOHMPAIOT ¢
MOMOIIBIO  JTIOOOTO  CpencTBa, KOTOpoe  OOedrneuynBaeT  BO3MOXKHOCTb — W3BJICUCHHUS
MHKPOOPT'aHU3MOB HJTH X KOMIIOHEHTOB WJIA TIPOAYKTOB MHUKPOOHOMA U SIBJISIETCS MTOIX OSILIIM
ISl COOTBETCTBYIOILETO UCTOYHHKA MUKPOOHOMa, HarmpuMep, pyora.

PyGer MmoxHO cobupaTh ¢ HCIIOIB30BAHUEM CIIOCOOOB, M3BECTHBIX B HACTOsIIIEH obmacTu
TEXHUKH M KOTOpbIe BKJIOYAIOT B ce0sl, HampuMep, MPUMEHEHHE >XEJIyJAOYHOro 30HIa C
BaKyyMHbIM mpoboorOopHukoM pydma. Kakx mpasuno, 3a0op pyOma OCYLIECTBISIOT TMOCHE
KOPMJICHHSI.

CornacHO HEKOTOpBIM BapHaHTaM OCYINECTBJICHHS BMECTO aHaiu3a obOpasua pyOua
UCTIONB3YIOT (hekanmpHbIl oOpaselr, KOTOpbIii oTpaskaeT MukpobOuom pybua. Takum obpaszom,
COTJIACHO 3TOMY BapUaHTy OCYINECTBIICHUS aHATU3UPYIOT (eKaTbHbII MUKPOOHOM.

CornacHO OZHOMY BapHaHTY OCYLIECTBJIEHHUS 3TOTO ACIEKTa HACTOAIIEro M300peTeHHs
AHAJTM3UPYIOT YUCIIO OaKTEPUATbHBIX TAKCOHOB B 00pa3le MHUKPOOHOTHI W/MIM aHATU3UPYIOT
YHCJIO TeHOB B OOpasle MUKPOOHOTHL. DTOT aHAJINW3 COOTBETCTBYET HACBIIEHHOCTH OOpasla
MHUKPOOUOTBHI.

Heo0si3aTelbHO OTHOCHTENIbHYIO YHCIEHHOCTh KaKIOrO W3 TAKCOHOB/TEHOB TaKIKe
AHAJIM3UPYIOT C T€M, YTOOBI TIOJIYYUTh MEPY Pa3HOOOpA3Hsl WM JOMUHHPOBaHUs 00pasLia.

Pa3noo0pa3ne TaKCOHOB COCTOMT M3 ABYX KOMIIOHEHTOB. HACBIIIEHHOCTh TAaKCOHA
(HampuMep, BHIA) ¥ TAKCOHOMUYECKasl (HampUMep, BUIOBAsI) PABHOMEPHOCTb PaCIIPENEICHUsI.
BunmoBasi HaCHIIEHHOCTb TIPEACTaBiisieT COOOM MPOCTOH MOACYET BUAOB, TOrAAa Kak
PaBHOMEPHOCTh pacClpee/ieHHs] BUAOB KOJMYECTBEHHO OMpeIessieT TO, HACKOIbKO PaBHBIMH
SIBJISIFOTCS] OTHOCHUTEJIbHBIE YHCIIEHHOCTH BUJIOB.

HomunupoBanmue: HM3mepsieT BEpPOATHOCTH TOrO, YTO JBAa HHAWMBUAYYMA, CIy4ailHO
BhIOpaHHbIe U3 0Opasua, OyayT NMpUHAIIEKATh OMHOMY U TOMY K€ TAKCOHY, OHO HAXOIUTCS B
nuana3oHe ot 0 (Bce TaKCOHBI MPUCYTCTBYIOT B PaBHOM cTerneHn) 10 1 (O1H TaKCOH MOJHOCTBIO
JOMHHHUPYET HaJl COOOIECTBOM).

Jlomunuposanue: cymma ((ni/n)?), re ni mpencTapisieT coOOH YMCIO UHIMBUAYYMOB
TaKCOHA 1.

Muxkpodaopy pyOna MOXKHO aHAJIM3UPOBATh HA KOJIWYECTBEHHOM YPOBHE W/WJH

KaueCTBEHHOM YPOBHE.
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CriocoObl  KONMYECTBEHHOTO OIpPENENeHUs] YPOBHEH T€HOB M MHUKPOOPTaHM3MOB
(Harpumep, OakTepHil) pa3TMUHBIX TAKCOHOB ONMCAHBI B HACTOSIIIEM JIOKYMEHTE HIXKE.

CornacHO HEKOTOpPBIM BapHMAHTAM OCYIIECTBJIEHUs ONpeNeNieHHe YPOBHSA WM Habopa
YPOBHEH OIHOrO MM HECKOJbKHX THIIOB MHKPOOPTraHM3MOB WJIH HMX KOMIIOHEHTOB HIIH
NPOIYKTOB MPENyCMAaTPUBAET ONpeNieIeHNne YPOBHsI WIM HAabOopa ypOBHEN OHON MIIH HECKOJIBKUX
nocnenosatenbHocTel JIHK. CornacHo HEKOTOpbIM BapuaHTaM OCYLIECTBJIEHUS OJHA WIH
Heckoubko nocnenosarenbHocTel JIHK comepskar molOyro nocnenosarensHocts JJHK, xoTopyro
MOYKHO UCTIONIB30BATh JUJIsl yCTAHOBJIEHUS PA3JIMUUS MEXy PA3IMYHBIMA MUKPOOHOIOTHY€CKUMHU
tunamu. COrjlacHO OMNpeNeNeHHbIM BapHaHTaM OCYLIECTBIEHHsS OJHA WM HECKOJIBKO
nocnenoBatenbHocTe JIHK comepkar rennsie mnocnenoBatenbHocT 16S pPHK. Cornacho
ONPENENICHHbIM BapUaHTaM OCYLIECTBJIECHHUS OJHA WJIM HECKOJIbKO nocienosarenbHocTen JJHK
comepkaT renHele nocnenosarenbHoctd 18S pPHK. CornmacHo HeKOTOpbIM BapuaHTaMm
ocymectBienus ammmuduuupyrot 1, 2, 3, 4, 5, 10, 15, 20, 25, 50, 100, 1000, 5000 wnu Gonbiie
NOCJIEI0BATEIbHOCTEH.

OtHeceHMe BHUIA K OMNpPENENIEHHOMY TAaKCOHY MOKHO IPOBOAUTH C MHCIOJIb30BAHHUEM
NOAXONALIeH KOMIBIOTEpHOM mnporpammbl (Hampumep, BLAST) mno coorBercTByloLIeit
CrIpaBoYHON Oa3e JaHHbIX (HampuMep, cripaBouHol Oa3bl naHHBIX 16S pPHK).

Ilpu onpeneneHnH TOTO, SIBISIETCS JTM HYKJIEMHOBAsl KUCJIOTA WM OEJIOK MO CYLIECTBY
TOMOJIOTHYHBIM HJIM XapaKTEPU3YeTCsl OMpPENEeNeHHbIM OOLIMM MPOLEHTHbIM COOTHOLICHHUEM
UJIEHTUYHOCTH TOCJIEIOBATEIbHOCTH 1O OTHOLICHHWIO K TOCJIEAOBATEIbHOCTH COTJIACHO
HACTOSIIEMY HM300pPETEHUIO, CXOACTBO IMOCIEIOBATEIBHOCTEH MOKHO ONPENEUTh C MOMOIIBIO
OOILIENPUHATHIX AJTOPUTMOB, KOTOpPbIE OOBIMHO TO3BOJISIIOT BBOIUTH HEOOJIBINOE KOJIHYECTBO
Pa3pbIBOB ISl AOCTH)KEHUS] HAWIYYIIero COOTBETCTBUsS. B 4YacTHOCTH, "WASHTUYHOCTb B
npoueHTax" ABYX MOJUIMENTUAOB WM JIBYX THOCJIENOBATENbHOCTEH HYKJIEUHOBBIX KHCIIOT
onpenessitoT ¢ ucnonb3oBanuem anroputMma Karlin u Altschul (Proc. Natl. Acad. Sci. USA
87:2264-2268, 1993). Takoti anroputm BKiroueH B nporpammbl BLASTN u BLASTX Altschul et
al. (J. Mol. Biol. 215:403-410, 1990). Iloucku nykieorunos BLAST MoxHO mpoBOAUTH C
nomomibto nporpammbl  BLASTN  11st mosnydeHHss HYKJIEOTHAHBIX IOCIEI0BATEIbHOCTE,
TOMOJIOTHYHBIX MOJIEKYJIe HYKJIEMHOBOH KHCJIOTBI COTJIACHO HacTosmeMy u3zobpereHuio. B
paBHOI1 crenenn, noucku 6enkos BLAST moxxHO mpoBoauTh ¢ moMouisio mporpammbl BLASTX
IUISL TIOJYYEHUS] aMUHOKHCIIOTHBIX MTOCIIEIOBATEbHOCTEH, KOTOPBIE SIBISIFOTCS TOMOJIOIHYHBIMU
NOJIMIENTHAY COTJIACHO HACTOALIeMY H300peTeHnto. s mojydeHus: comeprKalux pa3pbIBbI
BBIPABHUBAHUH 1T 1eneil cpaBHeHUs ucnonb3yioT Gapped BLAST, kak onmcano B Altschul et

al. (Nucleic Acids Res. 25:3389-3402, 1997). I1pu ucnonszoBanuu nporpamm BLAST u Gapped
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BLAST wucrione3yroT mapaMeTpbl MO YMOJTYAHUIO COOTBETCTBYIOIIHMX MPOTpaMM (HAIMpPHUMED,
BLASTX u BLASTN).

CornacHO OTHOMY BapHUaHTY OCYIIECTBJICHUS IS KIACCU(PHUKAILIIH MUKPOOPTaHU3Ma KaK
MPUHAAJICKALIETO K KOHKPETHOMY POy, OH JIOJDKEH XapaKTePU30BaThCs MO MeHbIel Mepe 90%
rOMOJIOTHUH TOCNIEA0BATEIbHOCTEN, O MeHblIel Mepe 91% romosoruu nociaenoBaTeNbHOCTEN,
1o MeHblIe mepe 92% romMoJoruu nocienoBaTeNbHOCTEN, 10 MeHbllel Mepe 93% romosnoruu
MOCJIEIOBATENbHOCTEN, IO MEeHbIIEH Mepe 94% roMOoJIOrHH MOCIEeN0BATEIbHOCTEN, O MEHbIIEH
Mepe 95% TrOMOJIOTMM TOCJIENOBATENbHOCTEH, IO MeHblleld Mepe 96% romonoruu
MOCJIEIOBATENbHOCTEN, IO MEeHbIIEH Mepe 97% roMOJIOrHH MOCIEN0BATEIbHOCTEN, O MEHbLIEH
Mepe 98% TrOMOJNIOTMH TOCJIENOBATENBHOCTEH, IO MeHblleld Mepe 99% romonoruu
MOCJIeAOBATENBHOCTEH MO OTHOIIEHUIO K 3TaJJOHHOMY MUKPOOPTIaHU3MY, KOTOPBIH, KaK U3BECTHO,
NPUHAJJIEKUT K KOHKpeTHOMYy poay. COriacHO KOHKPETHOMY BapUaHTYy OCYLIECTBJICHMUS
rOMOJIOTHsl OCJIEIOBATEIbHOCTEN COCTABIISAET 110 MeHblel Mepe 95%.

CornacHo ApyromMy BapHaHTy OCYIIECTBJICHUsS AJIsl KJIacCU(PUKALUU MHKPOOPTaHU3Ma KaK
NPUHAJIEKAIIETO K KOHKPETHOMY BUIY, OH JIOJDKEH XapaKTepU30BaThCs 10 MeHblel mepe 90%
rOMOJIOTHH TIOCJIEOBATEIbHOCTEH, IO MeHblIel Mepe 91% romosoruu nociaenoBaTeIbHOCTEH,
1o MeHblIeH Mepe 92% romMosnoruu nocjienoBaTeabHOCTeH, 0 MeHbluel Mepe 93% romonoruu
MOCJIEIOBATENBHOCTEH, 0 MeHblIel Mepe 94% romMoJoruu nociae0BaTeIbHOCTEH, 0 MEHbIIIeH
Mepe 95% TrOMONOTMU TOCJIENOBAaTEeNbHOCTEH, IO MeHblned Mepe 96% romosnoruu
MOCJIEIOBATEIBHOCTEH, IO MeHbIIEeH Mepe 97% TroMOJIOTHH MOCIENOBATEIbHOCTEH, IO MEHbIIEH
Mepe 98% romoNOrMM TOCNENOBAaTEeNbHOCTEW, IO MeHblned Mepe 99% romonoruu
MOCJIEAOBATENBHOCTEH MO OTHOIIEHHUIO K 3TaJJOHHOMY MUKPOOPTaHU3MY, KOTOPBIH, KaK H3BECTHO,
NPUHAIJIEKUT K KOHKpeTHOMy BuAy. COrnacHO KOHKPETHOMY BapUaHTy OCYILIECTBJICHHUS
rOMOJIOTHsI TIOCIEI0BATEIbHOCTEH COCTaBJISIET 110 MeHbllel Mepe 97%.

CornacHO HEKOTOPBIM BapUAaHTaM OCYIIECTBIEHHs 00pa3er] MUKPOOHOTHI aHATU3UPYIOT
HAaNpsIMyl0 B OTHOIIEHHWH YpPOBHS WM Ha0opa YypOBHEH ONHOH WM HECKOJIbKHX
nocnenosatenbHocTel! JIHK. CornacHo HekoTopbiM BapuanTam ocyuiectsienus JIHK Boipenstor
u3 o0pasna MUKpoOHOTHI 1 BbiieneHHY0 JIHK aHanm3upyroT B OTHOLIEHUH YPOBHS WJIH HaOopa
ypoBHell omHOW Wi Heckonbkux mnocienoarensHocteir JIHK. CnocoObl  BeieneHus
mukpoduonornueckoii JIHK xopomo u3BecTHBl B HacTosmied obmactu TeXHUKH. [Ipumepsl
BKJIFOYAIOT B ce0s1 0e3 orpaHndeHus: PeHONbHO-XJIOPOPOPMHYIO SKCTPAKIIMIO U IUPOKUHN CIIEKTP
KOMMEpPYECKH JNOCTYIMHbIX HaOopoB, BkJro4ast B cebss Habop QJAamp DNA Stool Mini Kit
(Qiagen, Valencia, Calif.).

CornacHO HEKOTOPBIM BapHaHTaM OCYLIECTBIIEHHs YPOBEHb WM HAOOp YpOBHEH OIHOMN

Wi Heckonbkux —nocnenosatenbHocTedt  JIHK  ompememsiror  myteM  aMruinduKanuu
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nocienosarenpHoctell JIHK ¢ wucnonb3oBanmem I[P (Hanpumep, cranmaptHas IILIP,
nojykonudyectBeHHass wiau  konmdectBeHHass [IL[P). CormacHo HEKOTOPBIM BapHaHTaM
OCYILIECTBIIEHHs] YPOBEHb WJIM HAOOp YPOBHEH OJHOW WIJIM HECKOJIBKHX ITOCIEAOBATENbHOCTEMH
JHK omnpepenstor nmyrem ammuiudukannn mnocnenosarenpHocTeli JIHK ¢ ucnonmp3oBaHuem
kommmuectBeHHoU [ILP. Otu u npyrue ocHoBHbIe mponenypbl amrumudukanuun JTHK xopormo
U3BECTHBI MPAKTUKYIOLIUM CIIELUAINCTAM B HACTOSIIEH 00IacTH TEXHUKH U onucaHbl B Ausebel
et al. (Ausubel F M, Brent R, Kingston R E, Moore D D, Seidman J G, Smith J A, Struhl K (eds).
1998. Current Protocols in Molecular Biology. Wiley: New York).

CornacHO HEKOTOPBIM BapuUaHTaM OCYLIeCTBIeHMs nocienosaTenbHocTu JIHK
aMITU(HULUPYIOT C HCIOJb30BAHUEM IPalMepoB, CHenU(UIECKHX B OTHOIIEHHM OMHOM WIIH
HECKOJIbKUX TOCJIE0BATENbHOCTEH, KOTOPBIE OTJINYAIOT OTAEIbHBIE MUKPOOHOJIOrMYECKHE THIThI
OT JPYIUuX, OTIMYAIOIINXCA MHUKpOOHONOrndyeckux THUMoB. COIJIaCHO HEKOTOPBIM BapHUaHTaM
OCYILIECTBJIEHHs1 TeHHbIe nocnenoBateabHocTd 16S pPHK mnm ux gparmenTsl aMmmuduuupyoT
C HCIIOJIb30BAaHHEM MpaiiMepoB, Crieu(pUIeCKUX B OTHOIIEHHH TE€HHBIX MOCIENOBATENbHOCTEH
16S pPHK. CornacHO HEKOTOpPBIM BapuaHTaM OcCyInecTBiIeHus nocienosatenpHocta 18S JIHK
aMIUTMQUIMPYIOT C  WCIOJNb30BAHHMEM  IpaiiMepoB, CHEUU(PHYECKHX B  OTHOLIEHHH
nocnenoBatenpHocTer 18S JIHK.

CornacHO HEKOTOPBIM BapHaHTaM OCYLIECTBJICHHsI YPOBEHb WM HAOOp YPOBHEW OIHOM
WM HECKOJIbKMX TeHHbIX mochenoBarenbHocTeld 16S pPHK onpenensitoT ¢ ucnonbp3oBaHUEM
TexHoNoruu (uiounna. [IprMeHeHre (UIOYUIIOB XOPOIIO M3BECTHO B HACTOSIIEH 00JacTu
TexHukn U ommcaHo B Hazen et al. ("Deep-sea oil plume enriches indigenous oil-degrading
bacteria." Science, 330, 204-208, 2010), nojHOe coAep KaHHEe KOTOPOU BKIIFOYEHO MOCPENCTBOM
ccbutkn. Bkpatne, mocienosarensHoctu reHoB 16S pPHK ammumdunupyror u metst uz JTHK,
SKCTPAarMpoBaHHOW W3 oOpasma MukpoOuorel. Ammmmduuuposannyro JHK  3arem
THOPUIM3HPYIOT ¢ MATPULIEH, CONMEpIKallei 30HIbI At MUKpobuoiorudeckux reHos 16S pPHK.
VYpOBeHb CBA3BIBAHUSA C KaXIbIM 30HIOM 3aT€M KOJIWYECTBEHHO OLIEHUBAIOT, MOJy4asl YPOBEHb
MHUKPOOHMOJIOTHYECKOTO THIAa B O0paslie, COOTBETCTBYIOIIUN MOABEPrHYTOH 30HIUPOBAHHIO
nocnenosaTenbHocTH reHa 16S pPHK. CornacHo HEKOTOpPBIM BapUaHTaM OCYILECTBIICHUs aHAJIN3
(uounma BEIMOIHAET KOMMEPUYEeCKHi mocTaBIuK. I IpuMepsl BKIFOUAOT B ce0s1 Oe3 orpaHudeHust
Second Genome Inc. (San Francisco, Calif)).

CornacHoO HEKOTOPBIM BapUAHTAM OCYIIECTBJICHUs ONpENeNieHHe YpOBHS WM Habopa
YPOBHEHl OJHOrO0 WM HECKOJbKHUX THUIIOB MHMKPOOPraHM3MOB MM HMX KOMIIOHEHTOB WJIU
NPONYKTOB TPEAYCMAaTPUBAET OMNpeNeieHue YpOBHS WM Habopa YpOBHEH OIHOrO WM
HECKOJIBKUX NPOnyKToB MuKpobuonorndyeckoii PHK (mampumep, Tpanckpunros). CriocoOsbl

KOJIM4ECTBEHHOrO onpenenenus: yposHel Tpanckpuntos PHK xopomo n3BecTHBI B HACTOSLLEH
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O0JIACTH TEXHUKHU U BKJIFOYAIOT B ceOs1 O0e3 orpaHrueHNs] HO3ePH-aHAIN3, MTOJIYKOJIMYECTBEHHYIO
I[P ¢ obpartHO# TpaHckpunTa3ol, kojmuecTBeHHyro IIL[P ¢ oOpaTHOW TpaHCKpHUNTAa30d U
MHKPOMATPUUHBIA aHaiu3. DTU M APYrHe OCHOBHBbIE MPOLEAYpPbl OOHAPY)KEHHUsS TPAHCKPHUIITA
PHK ommcanbl B Ausebel et al. (Ausubel F M, Brent R, Kingston R E, Moore D D, Seidman J G,
Smith J A, Struhl K (eds). 1998. Current Protocols in Molecular Biology. Wiley: New York).

CornacHO HEKOTOpPBIM BapUAHTAM OCYIIECTBJIEHUs ONpeeNieHHe YpOBHSA WM Habopa
YPOBHEH OHOTO WJIM HECKOJbKHX THUIIOB MHKPOOPTaHM3MOB HJIM HUX KOMIIOHEHTOB HJIH
NPOAYKTOB TpeNyCMaTpHBaeT OINpenesieHne YpoBHsS i HaOopa YpOBHEH OTHOrO WU
HECKOJIbKUX OEJTKOB MUKPOOpPraHu3MoB. CriocoObl KOJTMYECTBEHHOTO ONPEESICHUS COIepIKaHHH
OemnKa XOpOIIO U3BECTHBI B HACTOALIEH 0OJACTH TEXHUKH M BKJIIOUYAIOT B ce0st O€3 OrpaHu4eHus
BECTEPH-aHAJIN3 U MaCcC-CIIEKTPOMETPHUIO. DTH M BCE PYTHe OCHOBHBIE TIPOLIEYPbI OOHAPY KEHUS
Oenka ornncanbl B Ausebel et al. (Ausubel F M, Brent R, Kingston R E, Moore D D, Seidman J G,
Smith J A, Struhl K (eds). 1998. Current Protocols in Molecular Biology. Wiley: New York).
CornacHO HEKOTOPBIM BapUaHTaM OCYIUECTBIJICHHUS OIpeNeNieHne YpOBHs Win Habopa ypoBHEH
OIHOTO WJIM HECKOJIbKUX THUIOB MHKPOOPTAaHM3MOB WJIM UX KOMIIOHEHTOB WJIHM TPOAYKTOB
NpenycCMaTpuBaeT ONpeAeeHNe YpPOBHSA WM HabOpa YpPOBHEH OJHOIO MM HECKOJBKUX
MeTaboNUTOB MUKPOOPraHu3MoB. COIJIACHO HEKOTOPbIM BapHAaHTaM OCYINECTBJIEHUS YPOBHHU
MeTabOJIUTOB ONPENENSIOT ¢ IOMOIIBIO Macc-CrieKTpoMeTpur. COrnacHO HEKOTOPBIM BapHaHTaM
OCYILIECTBJIEHUS] YPOBHU META0OJHUTOB OIMPEAENSIOT C TMOMOIIBI) CIEKTPOCKOIUM SIIEPHOTO
MarHuTHOrO pe3oHaHca. CoriacHO HEKOTOPBIM BApHAHTAM OCYIIECTBICHUST yPOBHU METAOOIUTOB
OTPENEeNSIOT ¢ MOMOIIbI TBepaodasHoro nmmyHodepmentHoro ananausa (ELISA). CornacHo
HEKOTOPbIM BapUaHTaM OCYIIECTBJIEHHsS YPOBHH MeTaOOJUTOB OMPEAESSIIOT € TOMOIIBIO
kosopumMeTprn. COrJlaCHO HEKOTOPbIM BapHaHTaM OCYIIECTBJIEHHsS YPOBHH MeTabOJUTOB
OTPENEJISIOT C IIOMOIIBIO CIIEKTPOPOTOMETPHH.

CornacHO HEKOTOPbIM BapHaHTaM OCYINECTBJCHUS TEM, YTO ONPENEJSIFOT, SIBJSIETCS
pacripenienieHre CeMEeHCTB MHKPOOPTaHHU3MOB B MHKpoOuome. Tem He MeHee, ompenesieHue
XapaKTePUCTHK MOXKHO MEpeHecTH Ha Oojiee JeTajbHbIe YPOBHH, HAMPUMEpP, HA YPOBEHb poja
WU BUAA, W/WINM HA YPOBEHb IITaMMa WJIM Bapualuu (HampuMep, BApUAHTOB) BHYTPU BHIA,
ecqii 3T0 HeoOXomuMo (BKJKOYAsi B ceOsl HANIMYKMe WM OTCYTCTBHE PA3JIMYHBIX I'€HETHYECKUX
HJIEMEHTOB, TAKHX KaK T'€HbI, HAJIUYNE HJIH OTCYTCTBHE MUIA3MHUJ U T.1.). AJIBTEPHATUBHO MOKHO
UCIIONIb30BaTh OoJiee BBICOKHE TAKCOHOMHYECKHE OOO3HAueHHsl, TaKhe KaK THII, KJIacC WM
nopsinok. Llenb cocToMT B TOM, 4TOOBI MAEHTH()ULIUPOBATH, KaKHe MHUKPOOPraHU3Mbl (Kak
npaBuIIO, OaKTEPUH, HO TaKXKe HeOOs3aTeNbHO rpuOBI (HATPUMED, APOKKH), MPOCTEHIINE H T.J.)
NPUCYTCTBYIOT B 0Opasiie OT *KBAYHOT'O KMBOTHOTO, a TAK)K€ OTHOCUTEJIbHbIC pacrpeneseHHs

STHX MUKPOOPTAHU3MOB, HAIIPUMEP, BBIPAKEHHBIE KaK MPOLIEHTHOE OTHOIIEHHE OT OOIIEero Ynucia
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NPUCYTCTBYIOIINX MHKPOOPTaHMU3MOB, TEM CaMbIM YCTaHABJIHBAs MPOQPUIb MUKPOQIOPHI HUIIH
CHTHATYPY IUIA UCCIIEAYEMOTO )KUBOTHOTO.

CormacHo fpyruM BapHaHTaM OCYINECTBJICHHS] HACTOSINEro H300peTeHus, Korma
paccMaTpUBAIOT OOJIBIIOE KOJMYECTBO TAKCOHOB, OLIEHUBAIOT OOIIHIA MPO(IIIb MUKPOQIIOPHL, T.€.
UIEHTUQULIPYIOT HE TOJBKO KOHKPETHBIE TAKCOHBI, HO M MPOLEHTHOE OTHOLIEHHE KaXKIOro
COCTABJISIIOIIET0 TAKCOHA NMPUHUMAIOT BO BHUMAHHE MO CPABHEHHIO CO BCEMH OOHApY>KEHHBIMHU
TAKCOHAMU M, KaK MPaBWJIO, UJIH, HEOOs3aTeNbHO, APYT ¢ aApyroM. CrienuanucraM B HACTOSIIEH
00JIaCTH TEXHUKH MOHATHO, YTO CYLIECTBYET MHOXKECTBO BO3MOXKHBIX CIIOCOOOB BBIPA)KEHUS HIIH
KOMITUJISILIMY TaKUX JaHHBIX, BCE U3 KOTOPBIX BKJIFOUEHBI B HacTosIIee nzooperenne. Hanpumep,
dopmar "Kpyroeoil nmarpaMMmbl' MOXKHO HCIOJB30BaThb MJii OTOOpPa)KEHHs] CHUTHATYPBI
MHKPOQIIOPBL, WM K€ OTHOLIEHHUS MOYKHO BBIPA3UTh YUCIEHHO WIIN TpadMueCcKH KaK OTHOIIEHUS
WY TIPOLIEHTHBIE OTHOIIEHHS BCeX 0OHApYyKEHHBIX TAKCOHOB U T.JI. Kpome Toro, 1aHHble MOKHO
o0pabarsIBaTh TaK, YTOOBI YYUTHIBAINCH TOJIBKO BbIOpaHHbIE MOAHAOOPHI TAKCOHOB (HATIPHMED,
KJIIOUEBbIE MOKa3aTeIN C CUJIbHBIMHU IIOJIOKUTEJIBHBIMU KOppensauusamMu). JlaHHbIE MOXKHO
BBIPA3UTh, HAIIPUMED, B MPOLIEHTAX OT OOIIEro 4ucyia 0OHApyKEHHBIX MUKPOOPTAaHH3MOB WU B
NPOLIEHTAaxX MO Macce U T ..

CornmacHO OAHOMY BapHaHTy OCYILECTBJIEHUS HelapaMeTpUYecKHil MHOTrOMepHbIi
KpuTepuii, TakoW kak Metastats, aHajguM3 OOIMHOCTH, aHAJIU3 TJIABHBIX KOMIIOHEHT,
HerapaMeTpU4ecKuii MHOro(aKTOPHBIN TUCTIEPCHOHHBIN aHamu3 (kputepuii Kpackena-Y ommca)
U TJ., MOXHO HCIOJNb30BaTh JUIs CBSI3BIBAHHSI CUTHATYPbl MHKPOOMOMa C KOHKPETHBIM
(b€HOTUIOM CO CTaTUCTHYECKU 3HAYMMbIM (P-3HaueHunem), coctaBisitomuM Menbie dem 0,05.
Takue kpuTepuUM M3BECTHBI B HACTOsIIEH OOJIACTH TEXHUKU U OmucaHbl, Hanmpumep, White JR,
Nagarajan N, Pop M (2009) Statistical Methods for Detecting Differentially Abundant Features in
Clinical Metagenomic Samples. PLoS Computational Biology 5(4): 1- 1 1; u Clarke KR, Gorley
RN (2001) PRIMER v5: User Manual and Tutorial, PRIMER-E Ltd. Plymouth Marine Laboratory,
UK.

CornacHo ApyruM BapuaHTaM OCYINECTBJICHHs (PUIIOreHeTUYECKHe CIIOCOOBI, TaKhe Kak
Unifrac, MOXHO HCHOJB30BaTh Ui CBS3bIBAHUS CHUTHATYPbl MHKPOOMOMa C KOHKPETHBIM
(beHOTUIIOM €O CTaTUCTHYECKU 3Ha4NMbIM (P-3HaueHnem), coctaBistomuM Menbine dem 0,05.
Cwm., nannpumep, Lozupone C, Knight R (2005) UniFrac: a new phylogenetic method for comparing
microbial communities. Appl Environ Microbiol 71:8228-8235.

CormacHo ApyruM BapuUaHTaM OCYINECTBIEHHS METOJ OIOPHBIX BEKTOPOB MOXHO
UCTIONIb30BaTh JUI CBSI3bIBAHMUS CHTHATYPbl MHUKPOOMOMa C KOHKPETHBIM (DEHOTUIIOM C
IOCTaTOYHO BBICOKOM Mepoil TouHocTH kinaccupuxammu (F-mepoit) w  mopxopmsimei

YyBCTBUTEIBHOCTHIO U CIEM(PUIHOCTBIO, KOTOPAs IPUHSATA B HACTOsAIIEH oOsacTu TexHUku. Cwm.,
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Hanpumep, Yang C, Mills D, Mathee K, Wang Y, Jayachandran K, Sikaroodi M, Gillevet P, Entry
J, Narasimhan G (2006). An ecoinformatics tool for microbial community studies: Supervised
classification of Amplicon Length Heterogeneity (ALH) profiles of 16S rRNA. Journal of
Microbiological Methods 65(1):49-62.

CornacHo npyruM BapHaHTaM OCYIIECTBIEHHs CIIOCOOBI KOPPENSILHOHHONW CETH M CETH
KOPPEISIMOHHON Pa3HHULIBI MOXKHO MCIIONIBb30BATh JJIsI CBSI3BIBAHMS CHTHATYPbl MHKPOOHMOMA C
KOHKPETHBIM (DEHOTHUIIOM CO CTaTUCTUYECKH 3HAUUMbIM (P-3HaueHneM), COCTABIIAIOLINM MEHbIIE
gem 0,05. Cwm., nanmpumep, Weckwerth W, Loureiro ME, Wenzel, Fiehn O (2004) Differential
metabolic networks unravel the effects of silent plant phenotypes. PNAS 101(20):7809-7814.

Kak yka3zaHo, ecnu 4ucio 6akTepHalbHOro TAKCOHa MHUKPOOHOMA JKBAYHOTO KUBOTHOTO
HAXOAMTCA  HIDKE  3aJaHHOTO  YPOBHs, 3TO  sBJISIETCA  MOKAs3aTesleM  SKUBOTHOTO,
XapaKTepU3YIOIIErocss BBICOKOH 3(PQPEKTUBHOCTBIO HCMOJb30BAHUS KOPMOB W  HU3KOH
NpOAYKLHENH MeTaHa.

Hcnonp3yeMplii B HAcTOSINEM JOKYMEHTE TEPMHMH “TIOKa3aTeslb  OTHOCHUTCS K
BEPOSATHOCTH TOTO, YTO ACCOLMALMS C KOHKPETHBIM (peHOoTUroM mpesbiaer 50%, 60%, 70%,
80%, 90% wu BbIIIIE,

Uncno OaxkTepHaibHOTO TAaKCOHA MOXKHO AaHAJIM3MPOBaThb HA YpPOBHE BUAA, POJA,
ceMelCTBa, Mopsiika, Kjlacca MK THUMA.

Kpome TOro, ecim 4uciio reHOB MHKPOOMOMA >KBAYHOTO KHBOTHOTO HIIKE 3aJaHHOTO
YPOBHS, 93TO  SBISETCS  IOKas3aTelleM O KHUBOTHOIO, XapaKTepPU3YIOLIErocsi  BBICOKOH
3¢ EKTUBHOCTBHIO UCTIOJIb30BAHHUS KOPMOB M HU3KOH MPOAYKLIMEH MeTaHa.

CornacHO OIHOMY BapHaHTy OCYINECTBJEHHs] €CJIU YHCJIO BHUIOB OaKTEpHId,
NPUCYTCTBYIOIIMX B 0Opasie MUKpoOroma, coctasisieT Hike 6000, 3TO SIBISETCS MOKa3aTesieM
TOTO, YTO YKUBOTHOE XaPAKTEPU3YETCs BBICOKON 3(p(heKTHBHOCTBIO HCTIOIB30BAHUST KOPMOB.

CormacHo JapyroMy BapHaHTy OCYIIECTBJIICHHS €CIH YHCJIO BHUAOB OaKTepHi,
NPUCYTCTBYIOMINX B oOpasie Mukpodbroma, coctasisieT Hike S000, 3TO SIBISETCS MOKa3aTesieM
TOT0, YTO YKUBOTHOE XaPAKTEPU3YETCs BBICOKON 3(p(heKTHBHOCTBIO NCIIOIB30BAHUS KOPMOB.

CornacHo ApyroMy BapHaHTy OCYIIECTBJICHHUS €CIIH YUCIO BUAOB OAKTEPHI COCTABISET
Hwke 4000, 5TO sABIsETCA TMOKa3aTesieM TOro, YTO >KMBOTHOE XapaKTEPU3YETCsl BBICOKOM
3(¢(HEeKTUBHOCTBIO UCIIOIb30BAHHSI KOPMOB.

CormacHo ONHOMY BapHaHTy OCYLIECTBJICHUS €CJIM YUCJIO OaKTepUaNbHBIX TI'€HOB,
TMPHUCYTCTBYIOIIMX B 00pa3lie MUKpOOHOMa, COCTaBsieT Hike 4% 10°, 370 siBseTCs mokaszaTeneM

TOT0, YTO YKUBOTHOE XaPAKTEPU3YETCs BBICOKOH 3(p(heKTHBHOCTHIO NCTIOIB30BAHUS KOPMOB.
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CormacHo aApyroMy BapHaHTy OCYINECTBIEHHsS €CJIM YHUCIO OaKTepHaNbHBIX TI'€HOB
TIPHCYTCTBYIOIMX B 06pa3slie MUKpoOHOMa, cocTaBisieT Huxke 3,5%10°, 5To siBsieTcs nokasarenem
TOTO, YTO KUBOTHOE XaPAKTEPU3YETCs BBICOKOH 3(P(PeKTUBHOCTHIO NCTIOIB30BAHUST KOPMOB.

CormacHo napyroMy BapHaHTy OCYIIECTBJICHHS €CIH YHCJIO PONOB OaKTepHi,
NPUCYTCTBYIOIINX B oOpasie Mukpobmoma, cocrasisier Hiwke 120, 3TO SBISIETCS MOKa3aTesieM
TOT0, YTO KUBOTHOE XaPAKTEPU3YeTCs BBICOKOH 3(p(PEeKTUBHOCTHIO NCIIOIB30BAHUS KOPMOB.

CornacHo ApyromMy BapHaHTy OCYIIECTBJICHHUS €CIIM YUCIO POAOB OAKTEPHH COCTAaBISET
Hwke 100, 3TO sABIseTCA NOKas3aTeJeM TOro, 4YTO >KMBOTHOE XapaKTePU3YETCs BBICOKOMH
3¢ (HEeKTUBHOCTHIO UCIIOJIb30BAHMSI KOPMOB.

CormacHo npyromMy BapuUaHTy OCYILIECTBIEHHS €CIM YHCIO CEeMEWCTB OakTepwi,
NPUCYTCTBYIOIINX B oOpasue MHKpoOuOMa, cocTaBisieT Huxke 70, 3TO SIBISETCS IOKa3aTesieM
TOT0, YTO KUBOTHOE XapPaKTEPU3yeTCsl BBICOKON 3(p(PeKTUBHOCTHIO HCIIOIB30BAHUS KOPMOB.

CornmacHo JpyroMy BapHaHTy OCYLIECTBJICHHUsSI €CIM YHCIO CeMeicTB Oakrepuit
cocTasisieT Huxke 60, 3TO SBISETCs TOKA3aTeNIeM TOT0, YTO KUBOTHOE XapaKTePU3YeTCsl BBICOKOM
3P EKTUBHOCTBHIO UCTIONB30BaHHSI KOPMOB.

CormacHO JpyroMy BapHaHTy OCYINECTBICHUS €CIH YHCIO TOpPSAAKOB Oaktepuit
COCTABJISIET HUXKE 35, 3TO SIBJISIETCS TOKA3ATENIEM TOT0, YTO KMBOTHOE XapaKTEPU3YETCsl BICOKOM
3¢ (P EKTUBHOCTHIO UCTIOIBb30BAHHS KOPMOB.

CornacHo ApyromMy BapHaHTy OCYINECTBJIEHUS €CJIH YHUCIIO KJIACCOB OAKTEPHIl COCTABIISET
HIKEe 25, 5TO SABJSETCA TMOKAa3aTeJIeM TOro, 4YTO JKMBOTHOE XapaKTEPHU3YeTCs BBICOKOM
3¢ (HEeKTUBHOCTBIO UCIIOJIb30BAHMSI KOPMOB.

CornacHo ApyromMy BapHaHTy OCYIIECTBJICHHUS €CIIH YUCIO TUIOB OAKTEPH COCTABIISET
HKe 14, 5TO dABIseTCA MNOKAa3aTeJIeM TOro, 4YTO JKMBOTHOE XapaKTEPHU3YEeTCs BBICOKOMH
3¢ (HhEeKTUBHOCTBIO UCIIOIb30BAHMSI KOPMOB.

Kpowme Toro, eciu pasHooOpa3ue TakcoHa (Harnpumep, BUIA) W/ WU FT€HOB HAXOIUTCS HUXKE
3a/IaHHOTO YPOBHsI, 3TO SIBJISIETCS IOKa3aTesleM >KMBOTHOIO, XapaKTepU3YIOLIErocsi BBICOKOM
3¢} EKTUBHOCTBIO UCIIOJIb30BAHMS KOPMOB M HU3KOH MPOAYKIHMEH MeTaHa.

Bonee Toro, ecnu JOMUHUPOBaHHE TAaKCOHA (HAmpUMep, BUIA) W/HIIM T€HOB HAXOIUTCS
BBILLIE 3aJJaHHOIO YPOBHs, 3TO SIBJIETCS IIOKAa3aTeleM >KUBOTHOTO, XapaKTepPU3YHOLIEerocs
BBICOKOH 3((PeKTUBHOCTHIO HCIIOIB30BAHNS KOPMOB U HU3KOH MPOAYKLIUEH MeTaHa.

C ucnonp30BaHMEM TINATENBHO pa3paOOTaHHBIX TEXHHK CEKBEHHPOBAHUS M CKPUHHHTA
aBTOPBI HACTOSILEro H300peTeHusi OOHAPYKWIH TOMYJSIMHMH OakTepui, KOTOpbIE MOXKHO
UCTIONIb30BaTh JUIsI TNIPOTHO3UPOBAHMS MApaMeTpPoB, BKIIOYast B ce0sd 3(PpPekTHBHOCTH
UCTIONIb30BaHUsT KOPMOB (Hampumep, u3Mmepsiemyro ¢ momombio RFI), kxoropas obparHo

NPOTIOPLIMOHATIbHA MTPOAYKIIMH METaHa MHUKpobroma pyo1a.
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Takum 0Opa3om, COTIACHO APYroMy acleKTy HACTOSLIEr0 M300pETeHHs MpeayCMOTpPEH
crioco0 ompeneneHust 3(GGEKTUBHOCTH HCIIONB30BAHUS KOPMOB W/WJIHM TMPOAYKLUH METaHa Y
YKBaYHOT'O KUBOTHOTO, MPENYCMAaTPUBAIOIINN KOJHMYECTBEHHOE ONPEAENICHHE 110 MEHbINEH Mepe
OJTHOTO BHJIa OaKTEpHil, KaK MPeACTaBIeHO B TAOMMIax 4 U 5, B MUKPOOHOME KHBOTHOTO, IPUYEM
€CJIM YPOBEHb MO0 MEHbLIEH Mepe OMHOro Buaa OakTepuii B Tabiuue 4 BbILIEe 33JaHHOTO YPOBHS,
3TO SABIISIETCS IIOKA3aTeNeM BbICOKOW 3()(EeKTHBHOCTH MCHOJIB30BAHUS KOPMOB WM HU3KOH
NPONYKIIMM METaHa, U €CJIM YPOBEHb 110 MEHbBILEI Mepe OHOTO BUa OaKTEPHL, TPEICTABIEHHOTO
B Tabnuie 5, HIDKE 3aJaHHOTO YPOBHS, 3TO SIBJISETCS MOKA3aTesleM BBICOKOH 3(h(eKTUBHOCTH
UCTIOJIb30BaHMS KOPMOB HJIM HU3KOW NMPONYKIIMH METaHa.

Tabnuubl 4 u 5 npencrasneHsl B KOHLE paszfena «[Ipumeper» B HaCTOAIIEM AOKYMEHTE
HIKE.

Cnenyer moHMMAaTh, YTO B HEKOTOPBIX Clydasix B TaOnuuax 4 u 5 mpencraBieHbI
KOHKpeTHble mTamMMbl Oakrepuii. Tem He MeHee, COIJIACHO HACTOSINEMY H300PETEHHIO
NPeAyCMOTPEH aHaliM3 BCEX IITAMMOB BMJA, K KOTOPOMY OHM INpHHAJIEXKAT. YIIOMHHAHUE
KOHKPETHOT'O IITaMMa HUKOUM 00pa30M He OJKHO SIBJIATHCS] OTPAHMYUBAIOLIIIM.

Takum oOpazom, Hampumep, B ciydae Methanobrevibacter smithii ATCC 35061,
HECMOTpPsl Ha TO, YTO B Tabmume 4 ykKa3aH TOJBKO HOMep LITaMMa, ABTOPBI HACTOSILIErO
n300peTeHst MpeayCMaTpUBaIOT aHau3 JiroOoro mramma Buaa Methanobrevibacter smithii.

Korna TakcoHBI BbIlle BUIOB NEPEUUCIIeHbl B Tabuunax 4 u S, yka3aH uaeHTH(HKATOp
16S, 5T0 03HauaeT, 4TO TOYHBIH BUJI CIEAYET PACCMATPUBATH KaK MOJTHOCTBIO PACKPBITHIMN.

3amaHHBIl YPOBEHb MOYKHO YCTAaHOBUTH C HCIOJb30BAHHEM KOHTPOJIbHBIX OOpa3IoB,
MOJIYYE€HHBIX OT JKUBOTHBIX, KOTOpPbIe ObLTH MPEABAPUTEIBHO KJIACCH(PUIMPOBAHBI KAK BBICOKUH
NPOM3BOIUTENb METaHA/HU3KUI MPOU3BOAHTENb METAHA WJIN KaK XapaKTEPU3YIOIINUECS BBICOKHM
RFI/au3kum RFIL. Takum oOpasom, Hampumep, €clid KOJIUYeCTBO BUIOB OakTepuil n3 Tadnuubl 4
SIBJISIETCS BBILIE MO MeHbLIEH Mepe B 1,5 pasa, B 2 pasa, B 3 pasa, B 4 pa3a, B 5 pa3 U BbILIE, YEM
KOJINYECTBO, KOTOpOE MPUCYTCTBYET B  MHKPOOMOME JKHMBOTHOTO, IPEIBAPHUTEIBHO
KJIacCU(UIIMPOBAHHOTO KaK JKUBOTHOE CO cpenHHM 3HaueHHeM RFI, TO >KMBOTHOE MOXKHO
KJIacCU(UIIPOBATh Kak *KUBOTHOE ¢ HU3KUM RFI (BbICOKOI sHEpreTH4ecKoil 3¢ (HEeKTHBHOCTHIO).
Ecnu xonuuecTBo BUOB OakTepuii U3 TAOJIULBI S SIBISIETCS] HIDKE 1O MeHbInel Mepe B 1,5 pasa, B
2 pasa, B 3 pasa, B 4 pa3a, B 5 pa3 WIM HHXE, 4€M KOJIMYECTBO, KOTOPOE NPUCYTCTBYET B
MHUKPOOHOME JKUBOTHOTO, TIPEABAPUTEIBHO KIACCU(HUIIMPOBAHHOTO KaK JKUBOTHOE CO CPEIHUM
3raueHneM RF1, To JKHBOTHOE MOXHO KJIaCCU(QULIMPOBATH KaK JKUBOTHOE C BBICOKMM RFI (HM3KO#H
SHEPreTudeckoil 3(h(hEeKTUBHOCTHIO).

Cnenyer moHumarh, 4To Kjaccudukamuss He O0Os3aTeNIbHO IOJKHA OTrPaHUYUBATHCS

IBOWYHOHN Kiaccudukane (BBICOKUNA/HU3KUIN), TIOCKOJIBKY aBTOPHI HACTOSINEro N300peTeHus
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NOKa3aliy, 4To KoiudecTBo Oaxrepuii koppenupyer ¢ RFL Takum oOpas3om, KHBOTHOE Takke
MOYKHO OLIEHHUTbD IO MIKAJIE C UCTIOIb30BAHUEM MHOTHX HEIBOMUHBIX CHCTEM.

CriocoObl  KOJNMYECTBEHHOTO OINpPENENIeHUsT YPOBHS BUAOB OakTepUil U3BECTHBI
CIIeLMAINCTaM B HACTOsLIEH OOJAaCTH TEXHHMKH, BKIOUas B ce0sl criocoObl CEKBEHUPOBAHUS U
KOJINYECTBEHHOE ONpeAeNieHne BUAOCIEUN(UIECKHX T'€HOB, KaK ONHCAHO B HACTOSIIEM
JOKYMEHTE BBILIIE.

Ilpu cpaBHEHMM T€HOB M TAaKCOHOMHUYECKHX TMpoduied Mexay MHKpoOHOMamu
3¢ dexTuBHBIX 1 HEd(P(HEKTUBHBIX KUBOTHBIX aBTOPHI HACTOSILIEro M300peTeHus: 0OHapy KUY,
YTO TeHbl, NPUHAAIEKAIINE AaKPUIATHOMY IyTH, B OOJBIIOM KOJWYECTBE HaOMOamu y
3¢ EKTUBHBIX JKUBOTHBIX 110 CPABHEHUIO C HEA(PPEKTUBHBIMH SKUBOTHBIMU.

Taxum 0Opa3oMm, COrIacHO IPyromy acneKkTy HACTOSIIEro U300peTeHus BUI OaKTepHi,
KOTOPBII aHAIN3UPYIOT, MPEACTABISAIOT COOOI BUJ, KOTOPBIN HCIIONB3YET aKPHJIATHBIHN My Th.

Hcnonpzyemasi B HacTosleM MAOKyMeHTe ¢pasa “Oakrepus, KOTOpas HCHOJIb3YeT
aKpWJIATHBII TyTh~ OTHOCHUTCSI K OakTepuu, KOTOpas CrocoOHa MPOM3BOAMTH MPOMHOHOBYIO
KHCJIOTY U3 MOJIOUYHOH KUCIOThI. Takum oOpazom, OakTepus SKCIIPeCCHPYeT MeHbl, KOOUPYIOLIHe
(bepMeHTBI, XapakTepusyrommecs: cienyromumu Homepamu corsiacio EC: EC 1.3.8.7,283.1 u
42.1.54.

WnmoctpaTuBHbIE BUABI, KOTOPBIE UCTIONB3YIOT aKPUJIATHBIN MyTh, BKIIFOYAIOT B ceOs Oe3
orpanuuenusi Megasphaera elsdenii, Coprococcus catus, Clostridium propionicum w Clostridium
botulinum.

ABTOpPBI HACTOSIILETO M300pETEeHHs MPENyCMATPHUBAIOT KJIACCU(UKALMIO KUBOTHBIX HA
OCHOBAHHMH YPOBHSI IO MEHBILIEN MEPE OJTHOTO, MO MEHBILEH MEpPE IBYX, MO MEHBbLIEH Mepe TpeX,
[0 MEHBLIEH Mepe YEeThIpeX, N0 MEHbLIEH Mepe 5, O MeHbIIEH Mepe 6, 0 MeHbLIEH Mepe 7, 1o
MeHbLIEH Mepe 8, o MeHblIel Mepe 9, o MeHbluel Mepe 10, mo MenbLIeit Mepe 15, no menbLIen
Mmepe 20, no MeHbiuel mepe 30, o meHbuIel Mepe 40, no MeHbiuel mepe 50, Mo MeHbLIEH Mepe
100 mnm Bcex BUAOB, PACKPBITHIX B Tabiuuax 4 u S.

CormacHO KOHKDETHOMY BapHaHTy OCYINECTBJICHHUS MHOKECTBO BHAOB OakTepuit
AHATM3UPYIOT C TEM, YTOOBI MOJNYYUTh OakTepHainbHyr0 curHatypy. CUrHaTypy dacro
CPaBHUBAIOT C CHUTHATYPOH, TMOJYYEHHOW OT JKMBOTHOTO, KOTOPOE YK€ KJIACCU(PHUIIMPOBAIU B
COOTBETCTBHH C ero 3 (EeKTHBHOCTHIO UCTIONB30BaHMs KOPMOB/TIpoAyKIuei Mmetana. Harmpumep,
€CIIH HCClIelyeMasi CHTHATypa SIBJISIETCS CTATUCTHYECKH 3HAYMMO CXOIHOH C KOHTPOJBHOM
CHTHATYPOMH, KOTOpasi, KAK M3BECTHO, MPENCTABISAECT COOON BBICOKHH MPOU3BOANUTENb METaHA, TO
3TO JKUBOTHOE€ MOXKHO KJIAacCH(UIMPOBATh KAaK BBICOKMH MpPOU3BOAWTENb MeTaHa. Ecmu
uccienyeMass CHUTHATypa SBJSIETCS CTaTHCTUYECKH 3HAYUMO CXOOHOM C  KOHTPOJBHOM

CHTHATYPOMH, KOTOpast, KaK M3BECTHO, MPENCTABJIAET COOOH HU3KUH MPOM3BOAUTENb METAHA, TO
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3TO JKMBOTHOE€ MOKHO KJIACCH(PUUIMPOBATh KaK HU3KUHM IPOMU3BOAMTENb MeTaHa. Ecmm
uccieayeMas CUrHaTypa CTaTHUCTUYECKH 3HAYMMO OTJIMYAETCsl OT KOHTPOJIbHOW CUTHATYpBI,
KOTOpasi, KaK M3BECTHO, MPENCTABIISAET COOON HU3KHI MPOU3BOAMUTEND METAHA, TO 3TO )KUBOTHOE
MOYKHO KJIaCCU(UIIMPOBATH KaK BBICOKUI MPOM3BOIUTENb MeTaHa. Eciin nccnenyemas curarypa
CTaTUCTUYECKH 3HAYMMO OTJIMYAETCS] OT KOHTPOJBHOW CHUTHATypbl, KOTOpas, Kak H3BECTHO,
npeacTaBisieT coOOM  BBICOKMH TNPOM3BOAMTENb METAaHa, TO 3TO JKHMBOTHOE MOXKHO
KJIacCU(pUIIMPOBATh KaK HU3KUH MPOU3BOAUTEh METAHA.

CornacHoO OZHOMY BapHaHTy OCYLIECTBIIEHHS S3TOTO aCleKTa HACTOSIIEro N300peTeHus
JIB€ CUTHATYpPbl MUKPOOPTaHU3MOB MOTYT XapaKTepU30BaThCs CTATUCTUYECKU 3HAUYUMO CXOMHOMN
CUTHATYpPOM, €CJIM OHU COAepKaT 1o MeHblIel Mepe 50% OaMHAKOBBIX BUAOB, IO MEHbBIIIEH Mepe
60% OAMHAKOBBIX BUJOB, MO MeHblIeH Mepe 70% OAMHAKOBBIX BHIOB, IO MeHblIel Mepe 80%
OIMHAKOBBIX BUIOB, MO MeHblLIel mepe 90% ONMHAKOBBIX BHIOB, 1O MeHblIed mepe 91%
OMHAKOBBIX BUJOB, MO MeHblIel mepe 92% ONMHAKOBBIX BHUIOB, MO MeHblIed mepe 93%
ONIMHAKOBBIX BUOB, MO MeHblIel mepe 94% ONMHAKOBBIX BHIOB, 1O MeHblIed mepe 95%
ONMHAKOBBIX BHUOB, MO MeHbLIeH Mepe 96% ONMHAKOBBIX BHUIOB, MO MeHblIed mepe 97%
OJIMHAKOBBIX BHUJOB, MO MeHbIIeH Mepe 98% oOnMHAKOBBIX BUAOB, 1O MeHblneld mepe 99%
ONMHAKOBBIX BUAOB Wil 100% ONMHAKOBBIX BUIOB.

JIOTIONHUTENBHO WJIM  QJBTEPHATUBHO, MHUKPOOHMOMBI MOTYT XapaKTepPH30BaThCS
CTaTUCTHYECKH 3HAYUMO CXOIHOH CHUTHATYPOM, €CIIM KOJHMUECTBO (HapUMep, BCTPEUaeMOCTb) B
MHUKPOOHOME MO MEHbIIEH Mepe OJJHOTO U3 BUIOB OaKTepUid, MPeICTaBIEHHbIX B Ta0mMLax 4 u 5,
sABJsieTCsT MACHTUYHbIM. COrJIaCHO NPYroMy BapHaHTy OCYIIECTBJICHUS MHUKPOOHMOMBI MOTYT
XapaKTepU30BaTbCs CTATUCTUYECKH 3HAYUMO CXOAHOW CHUTHATYpOH, €CIU OTHOCUTEJIbHOE
COOTHOILIEHHE B MUKpOOHOMe 1o MeHblIel Mepe 10% Oakrepuii, mpeACTaBICHHbIX B Ta0nuiax 4
u 5, sBysiercst uaeHTUYHbIM. COTJIAaCHO IPYTrOMY BapUAHTY OCYIIECTBIEHUSI MUKPOOUOMBI MOTYT
XapaKTepU30BaTbCsl CTATUCTUYECKM 3HAYUMO CXOAHOW CHUTHATypOH, €ClU OTHOCUTEJIbHOE
COOTHOIIEHHE B MUKPOOHOME 10 MeHblIel Mepe 20% OakTepwii, MpeACTaBICHHbIX B Ta0nmuax 4
u 5, sBysiercst uAeHTUYHbIM. COTJIAaCHO IPYTrOMY BapHaHTY OCYIIECTBIEHUSI MHKPOOUOMBI MOTYT
XapaKTepU30BaTbCs CTATUCTUYECKM 3HAYUMO CXOAHOW CHUTHATypoOH, €Cld OTHOCUTEJIbHOE
COOTHOIIEHHE B MUKpOOHOMe 1o MeHblIel Mepe 30% OakTepwii, MpeACTaBICHHbIX B Ta0nmuax 4
u 5, sBisiercst uaeHTUYHbIM. COTJIaCHO IPYTrOMY BapHaHTY OCYIIECTBIEHUSI MHKPOOUOMBI MOTYT
XapaKTepU30BaTbCs CTATUCTUYECKH 3HAYUMO CXOAHONW CHUTHATypoOM, €Cld OTHOCUTEJIbHOE
COOTHOIIEHHE B MUKpOOHOMe 1o MeHblIel Mepe 40% OakTepuii, MpeACTaBICHHbIX B Ta0nmuax 4
u 5, sBisiercst uAeHTUIHbIM. COTJIaCHO IPYTrOMY BapUAaHTY OCYIIECTBIEHUSI MEKPOOUOMBI MOTYT
XapaKTepU30BaTbCsl CTATUCTUYECKH 3HAYUMO CXOAHONW CHUTHATypoOM, €Cld OTHOCUTEJbHOE

COOTHOIIEHHE B MUKPOOHOME 10 MeHblIel Mepe 50% OakTepwii, MpeACTaBICHHbIX B Ta0nmuIax 4
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u 5, sBisiercss uAeHTUIHbIM. COTJIaCHO IPYTOMY BapHaHTY OCYIIECTBIEHUSI MHKPOOUOMBI MOTYT
XapaKTepU30BaTbC CTATUCTHYECKH 3HAYUMO CXOJIHOW CHUTHATYpPOW, €CIH OTHOCHTENIbHOE
COOTHOIIEHHE B MUKPOOHOME 10 MeHblIel Mepe 60% OakTepwii, MpeACTaBICHHbIX B Ta0nmuIax 4
u 5, sBisiercst uaeHTUIHbIM. COTJIaCHO APYTrOMY BapHaHTY OCYIIECTBIEHUSI MUKPOOUOMBI MOTYT
XapaKTepU30BaTbC CTATUCTHYECKH 3HAYUMO CXOJHOW CHUTHATYpPOW, €CJIM OTHOCHTENbHOE
COOTHOIIEHHE B MUKPOOHOME 10 MeHblIel Mepe 70% OakTepwuii, MpeACTaBICHHbIX B Ta0nmuIax 4
u 5, sBisiercss uaeHTUIHbIM. COTJIacCHO APYrOMy BapHaHTY OCYIIECTBIEHUSI MUKPOOUOMBI MOTYT
XapaKTepU30BaTbCs CTATUCTMYECKH 3HAYUMO CXOJIHOW CHUTHATYpOW, €CJIM OTHOCHTENbHOE
COOTHOIIEHHE B MUKPOOHOME 1O MeHblIel Mepe 80% OakTepwii, MpeACTaBICHHbIX B Ta0nmuIax 4
u 5, saBisiercss uaeHTUYHbIM. COrJIacHO APYrOMy BapHaHTY OCYIIECTBIEHUSI MUKPOOUOMBI MOTYT
XapaKTepU30BaTbC CTATUCTHYECKH 3HAYMMO CXOJHOW CHUTHATYpOH, €CJIM OTHOCHUTENIbHOE
COOTHOIIIEHHE B MHUKpOOHOMe 1o MeHbliel Mepe 90% OakTepuii, npencTaBieHHbIX B Tabaumax 4
U 5, sABISIETCS MIOGHTUYHBIM. Takum 00pa3oM, (pakLUHMOHHOE TPOLEHTHOE OTHOIICHHE
MHUKPOOPTraHU3MOB (HAIlpUMep, OTHOCUTENbHOE KOJMYECTBO, COOTHOIUEHHE, paclpenesieHue,
YaCTOTA, MPOLEHTHOE OTHOLIEHWE U T.A.) OT OOIIEro YuClia MOXKET SIBJISTHCS CTATUCTUYECKH
CXOJIHBIM.

ABTOpBI HacTOAIIEro M300peTeHMsT TakKe OTMETWJIM, 4YTO aHalU3 BCEro poxa
Megasphaera MO>xHO UCTIONB30BATH [UIsl IPOTHO3UPOBAHUS BbIeneHus MeraHa u/miu RFL

Takum o0Opazom, COMNIACHO emle OJHOMY AacCHeKTy HAaCTOsALIero u300peTeHus
npeayCMOTpeH crnocod onpenenenus 3QpGEeKTUBHOCTH UCIIOIb30BAHKSI KOPMOB W/ MJTH MPOIYK UK
MeTaHa y >KBaYHOTO >XHUBOTHOTO, MPEAyCMATPUBAIOIIUN KOJWYECTBEHHOE OIpENesIeHUe I10
MeHbLIEH Mepe ogHOro Buna Oaktepuil pona Megasphaera B MUKpOOHOME KHBOTHOTO, MPHYEM
€CJIM YPOBEHb 110 MEHBIIECH Mepe OJHOTrO BUIa OAKTEPHIl BBIIIE 3JaHHOTO YPOBHS, 3TO SIBJISIETCS
NOKa3aTeseM BhICOKOH 3(h()EeKTUBHOCTH UCTIOIB30BAHUSI KOPMOB T HU3KOH MPOAYKIIUH METAHA.

Crioco® corjacHO 3TOMY acCHeKTy HACTOSIIEro H300pETeHHsT MOXKHO MPOBECTH C
UCIIOJIb30BAaHUEM CITOCOOOB, M3BECTHBIX B HACTOSIIEH OOJACTH TEXHUKHU JJISI KOJUYECTBEHHOTO
onpeneneHus: OakTepuil (kak MogPOOHO OMUCAHO B HACTOSALIEM JOKYMEHTE BBILIE) WM MyTEM
ananmu3a nocynepoBatenpHocTel JIHK, kak 06cykaanoch B HACTOSIIEM TOKYMEHTE BbIIIE.

3anaHHbBIl YPOBEHb COTJIACHO HACTOSIIEMY ACHEKTy HACTOSIIEro M300pETeHHsT MOYKHO
OTIPENENUTD, KAK OMHUCAHO B HACTOSIIIEM JOKYMEHTE BBILIE.

Habopsr nnst mposenenus [ILP nns obnapyxkenus Megasphaera elsdenii packpbIThl B
Advanced kit handbook HB10.03.07 - Quantification of Megasphaera cerevisiae/Megasphaera
elsdenii genomes. 7.

Kak yxe ynmoMHHaNIOCh, a TAaKXKe IJIs1 U3MepeHUsi OaKTepHil U TeHOB, MPUCYTCTBYIOLINX B

MHKpPOOHOME, aBTOPBI HACTOALIETO N300PETEHNUS TAKKE MIOKA3AJIH, YTO U3MEPEHHE META0OIHTOB,
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NPUCYTCTBYIOIINX B MHKpoOuoMe (T.e. MeTaboyiome), Takke MOXKET CIYXKHTb YKa3aHHEM Ha
cratyc 3Q(eKTUBHOCTH HCIIOIB30BAHMSI KOPMOB U MPONYKIMH METaHa MHUKPOOHOMA JKBAYHOT'O
YKHBOTHOTO.

bonee KOHKPETHO, aBTOPBI HACTOSILIErO M300pETEHHs [OKAa3ajdHM, YTO YPOBHH
KOPOTKOLIETIOYEYHBIX JKHUPHBIX KHCJIOT B MeTa0OJIOME >KBA4YHOTO JKUBOTHOTO MOJKHO
UCTIONIb30BaTh Uil OLEHKH 3(P(EKTUBHOCTH HCIIONb30BAHUS KOPMOB M TNPOAYKIMH METaHa
JKHBOTHOTO.

CornacHO OJHOMY BapHaHTY OCYLIECTBIIEHHsS H3MepstoT MerabosoM pyoua. CorjmacHo
APYroMy BapHaHTy OCYIIECTBJIEHUS U3MEPSIOT META0O0JIOM Kaja KMBOTHOTO.

Hcnonp3yemplii B HACTOALIEM JOKyMeHTe '"Merabonur" mpeacraBisier coOoit
MPOMEXKYTOYHOE COSIUHEHUE TN MPOAYKT MeTtadonu3ma. TepMuH "MeTaboauT", Kak MpaBmiio,
OrpaHMYEH MaJIbIMH MOJIEKYJIAMH U HE BKJIIOUAaeT B ceOsl MOJMMEpPHBbIE COSTUHEHUs], TaKHe Kak
JHK wnu Genku, nMHa KOTOPbIX npeBbimaeT 100 aMUHOKUCTOT. MeTabOoIUT MOXKET CITy>KUTh B
KadecTBe cyOctpara s (pepmMeHTa METaOOJUUECKOTO MyTH, MPOMEKYTOYHOTO COEIMHEHHSI
TaKOTO MyTH WJIN MPOAYKTA, MOJYYEHHOIO META0OINUECKUM ITyTEM.

CormacHO OFHOMY BapHaHTy OCYINECTBIICHHMS AaHAJIM3UPYIOT He Oonbpine uem S
merabonutoB. COrlacHO APYroMy BapHaHTy OCYLIECTBJIECHHUS W3MepsIoT He Oosbime dem 10
MeTaboauToB. COrjlacHO APYroMy BapHaHTY OCYLIECTBJIEHHsS] U3MEPSIOT He Oonblie dem 15
MeTaboauToB. COrjlacCHO APYroMy BapHaHTY OCYLIECTBIIEHHs U3MEpsIOT He Oonblie yem 20
MetaboauToB. COrjlacHO APYroMy BapHaHTyY OCYLIECTBIIEHHs WU3MEpsOT He Oonblie yem 30
mMetaboauToB. COrjlacHO APYroMy BapHaHTY OCYLIECTBIIEHHs WU3MEpsOT He Oonblie yem 40
MetaboauToB. COrjlacCHO APYroMy BapHaHTY OCYLIECTBIIEHHsI HU3MEpSIOT He Oonblie yem S0
MetaboauToB. COrjlacHO APYroMy BapHaHTY OCYLIECTBIIEHHsS H3MEpsOT He Oonblie yem 60
metabonmutoB. CorjmacHO APyroMy BapUaHTy OCYILIECTBJICHHs H3MepstoT He Ooubine yem 100
MeTa0OJINTOB.

CornacHO KOHKPETHOMY BapHAHTY OCYIIECTBJICHHUs] METaOOJUT MPENCTaBIsAeT OO0 TO,
YTO M3MEHSIET COCTAB WM (PYHKLIUIO MUKPOOHOMA.

CornacHO TPEANOYTUTENbHBIM BaPHAHTAM OCYINECTBJIEHUS METa0OJNUTHl BKIFOYAIOT B
ceOs1 Oe3 orpaHMYEHHUs] caxapa, OPTaHUYECKHUE KHUCIOTBI, aMHHOKHUCIOTBI, JKUPHBIE KHCJIOTHIL,
TOPMOHBI, BUTAMHUHBI, a Takke HX HOHHbIE (parMeHTbl. COrNaCHO IPYyroMy BapHAaHTY
OCYILIECTBIICHHS] META0OIUT MPEACTABISET COOOH OMUronenTH b (MEHbIIE YeM MPHUOIU3UTENBHO
100 aMHHOKHCIIOT B JUTUHY ).

B wacTtHOCTHM, MONEKylIsipHas Macca MeTaOOJIUTOB COCTAaBJIIET MEHbLIE YeM

npubmuzuTensHo 3000 [Jla u 6oee KOHKpeTHO oT mpubim3uTenbHo S0 1o npudausurensHO 3000
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IIpennoyruTenbHO META0OIUT NMPHUCYTCTBYET B MHUKPOOPTaHM3Max MHUKPOOHOMa HIIH
CEKPETHPYETCS N3 MUKPOOPTaHI3MOB MHKPOOHOMA.

MeTaloauT COrjlacHO 3TOMY AaCIEKTY HACTOSINEro M300pPETeHUs MOXKET MpPEICTaBISThH
co0oi nepBUYHBIA METa0OIUT (T.€. HEOOXOMUMBIH I POCTa MUKPOOPTaHU3Ma) MITH BTOPUYHBIH
MeTabOoJHT (TOT, KOTOPBIN HE UTPAET POJb B POCTE, PA3BUTHU WIIM PA3MHOKEHUH U 00pa3yeTcs B
KOHIIe WJTH BOJIU3H CTAIIHOHAPHOH (ha3bl pocTa).

PenpesenraTuBHble TpUMepbl METAOONMYECKHX IyTeH, B KOTOPbIE BOBJICUEHBI
MeTaOOIUThI COTJIACHO HACTOSIIEMY H300pPETeHUI0, BKIIIOYAIOT B ce0si 0e3 orpaHudeHus
cnenyromee: 1ukn KpeOca, apixatenbHas 1enb, (OTOCHHTE3, (OTOABIXAHHE, TIIHMKOJU3,
IJIFOKOHEOTeHe3, TeKCO30MOHO(OC(hATHBIN MyTh, OKUCIUTENbHBIA NEHTO30(oChaTHBIN MyTh,
aKPUJIATHBIN MyTh, CYKIUHATHBINA MyTh, TyTh METAHOTEHE3a, TPONAHINOJIOBbII MyTh, MPOIYKIIHS
¥ [3-OKUCIIeHNE XKUPHBIH KUCIIOT, IIMKJI OOMEHa MOUEBHHBI, yTH OMOCHHTE3a aMUHOKHCIIOT, Iy TH
paspylueHus OeJKOB, TAKHE KaK NMPOTEACOMHOE pa3pyLIeHHe, MyTH Pa3IoKEeHHs aMHHOKHCIIOT,
OMOCHHTE3 WM Pa3JIOKEHUE CIENYIOLEro: JIMHIBL, MOJUKETUABI (BKIIIOUast B ceOsi, Hampumep,
¢naBoHOUABI M W30(IABOHOMIBI), H30NPEHOUABI (BKJIIOuUast B ceOs, HampuMep, TEepIeHbI,
CTePUHBI, CTEPOMIBI, KAPOTEHOWIBI, KCAHTO(QMUIbI), VYIJIEBOABL, (DEHUINPONAHOUABI H
IIPOU3BOJIHBIE, ATKAJOWABI, OS€H30WABL, MHAOJBI, COeAMHEHMs WHIOJOB U Cepbl, MOP(HUPHHBL,
AHTOLIMAHbI, TOPMOHBI, BHTAaMHHBI, KO(AKTOpPBL, TaKHE KaK MPOCTETHYECKHE TPYIIbl HIN
NEPEHOCUYUKH 3JIEKTPOHOB, JIMTHUH, TJIFOKO3WHOJATBI, MYPHHBI, MUPUMHUAUHBI, HYKJICO3UIbI,
HYKJICOTH]IbI U poacTBeHHbIe Moiekyibl, Takue kak TPHK, mukpoPHK (miPHK) umn uPHK.

CornacHO KOHKPETHOMY BapUaHTy OCYIIECTBJICHUST MeTaOOJUT MpeAacTaBisieT coOOH
KOPOTKOLIETIOYEYHYIO JKUPHYIO KHCJIOTY (HampuMmep, BBIOPAHHYIO M3 TPYIIIBI, COCTOSIIEH H3
NpOMHOHAaTa, OyTUpaTa, BajepaTa U H30BajiepaTa).

CornacHo 3TOMy BapHaHTy OCYIIECTBIIEHHs €CJIU 10 MEHbINEH Mepe OAMH, 10 MeHbIIEH
Mepe I1Ba, 0 MEHbLICH Mepe TPU WM BCE U3 MPOMHOHATa, OyTHpaTa, BajiepaTa M U30BaJiepaTa
NPEBBIIIAIOT 33JaHHBIA ypPOBEHb, OTO SBJIIETCS TOKa3aTeJeM TOro, 4YTO JKUBOTHOE
XapaKkTepu3yeTcsi BbICOKOH 3(()EKTUBHOCTHIO HCIIOBb30BAHUSI KOPMOB M HU3KOH MpOAyKUHEH
METaHa.

ABTOpPBI HACTOSIIIETO U300PETEHNUS JOTIOHUTEIBHO OOHAPYIKUIIH, YTO U3MEPEHHE O0IIero
KOJINYECTBA KOPOTKOLENOYeuHbIX XUPHBIX KUCIOT (SCFA) B MeTraboioMe »KMBOTHOTO MOJKHO
UCTIONIb30BaTh JUISI OLEHKH 3(PQPEKTUBHOCTH HCIOJIB30BaHUS KOPMOB. Takum obOpa3om, eciu
konndecTBO Bcex SCFA mpespnmaer 3amanHblil ypoBeHb (Hampumep, 0,05 M.11.), 3TO sBiIse€TCS
NOKa3aTeJIeM >KUBOTHOTO, XapaKTEPU3YIOLIErocsi BBICOKOH 3(P(EeKTUBHOCTHIO HCIIOIBb30BAHMS

KOPMOB U HU3KOH NMPOAYKLMEN MeTaHa.
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Bonee Toro, ecnm COOTHOLIEHHE MPONMHOHATA K aLIETaTy B MeTa00JIOME JKHBOTHOTO BBILIIE
3amaHHOrO KonmdectBa (Hampumep, 1,1 wmmu 1,2), 370 sBisieTcs TMOKAa3aTeleM >KHUBOTHOTO,
XapaKTEPU3YIOIIErocss BBICOKOH 3(PQPEKTUBHOCTBIO HCMOJNB30BAHUS KOPMOB W  HU3KOH
MPOAYKLMENH METaHA.

CormacHO OFHOMY BapHWAHTy OCYIIECTBJICHHUs MeTaOONUTBl HACHTUPULIUPYIOT C
UCTIOJIb30BaHUEM CITOCO0a (PU3MUECKOTO Pa3IeICHHUS.

Hcnonb3yeMblil B HACTOSIIEM JOKYMEHTe TepMHUH "crocod (usudeckoro pasmeneHus"
OTHOCUTCSI K JHI0OOOMYy crnocoQy, M3BECTHOMY CIIELMAIUCTAM B HACTOALIEH OOJACTH TEXHHUKH,
AOCTATOYHOMY JUJISL TOJNY4YEeHUs NpOoQuiisi HM3MEHEHUH W pasIuuuil B MajbIX MOJIEKYJIaX,
npousBoauMbix B hSLC, B KOHTakTe C TOKCHYECKHM, TEPATOr€HHBIM HJIH HCCIIENyEeMbIM
XUMHUYECKHM COEIMHEHHEeM COTJIacHO crocodaM Hacrtosimero uszoOpereHusi. CoriacHo
NPENNOYTUTENIBHOMY BapUAHTY OCYINECTBIIEHHS CIIOCOOB! (PU3NUECKOTO Pa3/ieNeH sl MTO3BOJISIIOT
OOHapy)XKUBaTh KJETOYHblE METa0OJMThL, BKJIIOYas B ceOs Oe3 oOrpaHHYeHus caxapa,
OpPraHMYeCKHUe KHCJIOTbl, AMHUHOKUCIIOTBI, JKUPHBIE KHCJIOTHI, TOPMOHBI, BUTAMHUHBI U
OJIMTONENTHIbI, a TaKXke WX HOHHbIE (ParMEeHTbl M HHU3KOMOJEKYJISIPHbIE COCAMHEHHS
(MpennoyTHTEIHHO C MOJIEKYJIsipHON Maccoit menee 3000 [la, u Gonee konkpeTHo oT 50 no 3000
Jla). Hanpumep, MOXHO HCIIONB30BaTh Macc-CeKTpoMeTprio. COrjgacHO KOHKPETHBIM
BapUaHTaM OCYIIECTBJICHUS 3TOT aHaJIN3 TPOBOASIT nyTeM JKUJIKOCTHOM
xpomarorpadu/BpeMsnpoIeTHOMI MacC-CIeKTPOMETPHH C  DJIEKTPOPACIBUTUTEIBHOM
nonuzarmeti (LC/ESI-TOF-MS), onHako ciieqyeT MOHUMATh, 4YTO META0OJUTHI, TPEACTaBIEHHbIE
B HACTOSIIEM JOKYMEHTE, MOXHO OOHapyHTh C WCIOJb30BAHUEM aJIbTEPHATUBHBIX
CIIEKTPOMETPUYECKHX CIIOCOOOB MJIM APYTHX CIIOCOOOB, M3BECTHBIX B HACTOSIIEH 00JacTu
TEXHUKU JJIS1 aHAJIM3a STUX THIIOB COSIUHEHHUH B 3TOM JHAIMa30HE Pa3MEPOB.

OmnpenenenHbie MeTabOJUTBI MOKHO HAEHTH(OUUHPOBATH, HANPHUMEP, C TMMOMOLIBIO
aHaJM3a HKCIPEeCCUH TeHoB, Bkioyas B ceOs [ILP B pexxume peanpHoro Bpemenu, OT-IILIP,
HO3€pH-aHAJIN3 U In Situ THOPUIU3ALHIO.

Kpome Toro, mera0oiauTel MOKHO HIEHTH(PHLUUPOBATH C HCHOJIB30BAHUEM MAacC-
cnekrpometpun, Takod kak MALDI/TOF (BpemsimponeTHas MaTpUYHO-aKTHBUPOBAHHAS
nazepHast necopbums/monnsanusi), SELDI/TOF (BpemsinponeTHas yCHIIEHHAsl MOBEPXHOCTHIO
Ja3epHast 1ecopOLs/MOHU3ALMsT ), )KUIAKOCTHAs xpomarorpadus/macc-criekrpomerpusi (LC-MS),
razoBass xpomarorpadus/macc-cnekrpomerpus (GC-MS), Boicoko3(pdexTuBHAS KUIKOCTHAS
xpomarorpadust/macc-criektpomerpusi  (HPLC-MS),  kammuisapsbeiii  3nmextpodopes/mace-
CIIEKTPOMETPUS, CIIEKTPOMETPHUS SIAEPHOTO MArHUTHOTO pE30HAHCA, TaHAEMHas Macc-

ciekrpomeTpust (Harpumep, MS/MS, MS/MS/MS, ESI-MS/MS u 1.71.), BTOpHYHO-HOHHAsI Macc-
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ciekrpomeTpust (SIMS) wnu ciekrpoMerpusi NoABMKHOCTH MOHOB (Hanpumep, GC-IMS, IMS-
MS, LC-IMS, LC-IMS-MS u T.11.).

Macc-cnekTpoMeTprIeCcKHe CrocoObl XOPOILIO H3BECTHBI B HACTOSIIEH 00JIaCTH TEXHHUKH,
UX HCIIOJIb30BAIN JJIs1 KOJHMYECTBEHHOTO ONpPENEeNeHUs W/WIM HUASHTU(UKALUS OHOMOJIEKYII,
TaKWX Kak OeJKU U Apyrue KJIeTodHble MeTaboauThl (cM., Hanpumep, Li et al., 2000; Rowley et
al., 2000; u Kuster and Mann, 1998).

CornacHo onpeneneHHbIM BapUaHTaM OCYIIECTBJIEHHUS UCIIONB3YIOT ra30(ha3HbIi HOHHBIN
cnekrpodoromerp. CoriaacHO APYrUM BapuUaHTaM OCYIIECTBICHHS MAacCC-CIEKTPOMETPHIO C
Ja3epHON  AecopOuuel/MoOHM3auel  UCHONB3YIOT I  HACHTU(HUKALIUH  METaOOJIUTOB.
CoBpeMeHHYI0 Macc-CIeKTPOMETPHIO ¢ JlazepHoi necopbuumeti/monmnsanueit ("LDI-MS") MoxHO
OCYLIECTBUTDH HA MPAKTUKE B ABYX OCHOBHBIX BAPHUAHTAX: MATPUYHO-aKTUBUPOBAHHAsS JIa3epHast
necopbums/monnsauns ("MALDI") macc-ciekTpoMeTpust U yCUJIEHHAs! TIOBEPXHOCTBIO JIa3epHast
necopbumst/monmzauvs ("SELDI").

B MALDI meTabomuT CMEUIMBAIOT C PacTBOPOM, COIAEPKAIIUM MATPHUIy, U KarlIo
JKUIKOCTH MOMEIAI0T Ha MMOBEPXHOCTh CyOcTpaTa. PacTBOp MaTpHIlbl 3aT€M COKPUCTAIUTU3YIOT C
Oouomapkepamu. CyOcTpar BBOAST B MAacC-CHEKTPOMETP. DHEPrHI0 Jlasepa HANpaBisIOT Ha
HOBEPXHOCTh CyOCTpaTa, IZie OHa MOABepraercs necopOuMM W HOHU3UpyeT Oenku 0Oe3 ux
cyliecTBeHHOW (parmentanun. Tem He MeHee, MALDI umeer orpaHuyYeHHss B KauecTBe
aHaUTU4YeCKoro MHCTpyMeHTa. OH He ofecneuuBaeT CpeacTBa Ui (PpaKLUOHUPOBAHUS
OMONIOTUYECKON JKUAKOCTH, M MaTepuall MAaTPHUIbl MOXKET MPENsTCTBOBATH OOHAPYKEHHIO,
OCOOEHHO J1J1s1 HU3KOMOJIEKYJISIPHBIX aHAJTUTOB.

B SELDI noepxHOCTb cyOcTpata MOAU(PUIMPYIOT TaK, YTO OHA SIBJISIETCS] AKTHBHBIM
YY4aCTHUKOM Tmporecca paecopOuuu. B ogHOM BapuaHTe NOBEPXHOCTh AEPUBATUIHPYIOT
ancopOeHTOM W/WJIM  peareHTaMH Uil 3aXBaTa, KOTOpPbIe CEJEKTHBHO  CBS3BIBAIOT
NPEeACTaBISIIOIUI HHTepec Omomapkep. B npyrom BapuaHTe MOBEPXHOCTH NEPUBATH3UPYIOT
MOTJIOIIAFO MU SHEPTHIO MOJIEKYJIAMH, KOTOpPbIe HE AecOpOHMPYIOTCS MpH ynape jasepoM. B
APYrOM BAapUAHTE TOBEPXHOCTb ICPUBATH3HPYIOT MOJEKYJIaMH, KOTOPBIE CBS3BIBAIOT
NPEACTABISIFOINN HHTEpeC OMOMapKep M KOTOpBIE CONEpkKaT (POTOIUTUYECKYIO CBsI3b, KOTOpast
paspymiaercss Mpu NPUMEHEHHH Jiazepa. B KakaoM M3 3THX CHOCOOOB JepUBATH3UPYHOILIEE
CPEACTBO, KaK MPaBHUIIO, JIOKAIHU3YETCS B ONPENEICHHOM MECTe Ha IMOBEPXHOCTH cyOcTpaTa, rae
HAHOCST o0Opasen. DTH ABa Ciocob0a MOKHO O0BEIUHITh, HAaIpUMep, ¢ ucnoib3osanneM SELDI ¢
appuHHON MOBEPXHOCTBHIO MJIs1 3axBaTa aHajWTa (HaNmpuMep, Ouomapkepa) W HOOaBIEHUS
copeprKaliel MaTPUIy KUIKOCTH K 3aXBAUEHHOMY aHAIMTY Ui OOECTIeUeHHs! MOTJIOMIA0IIETO

SHEPruro Martepuala.
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JlonoaHUTENbHYI0O WHPOPMALIMIO O MAacc-CIIEKTPOMETpax CM., Hampumep, Principles of
Instrumental Analysis, 3rd edition., Skoog, Saunders College Publishing, Philadelphia, 1985; u
Kirk-Othmer Encyclopedia of Chemical Technology, 4.sup.th ed. Vol. 15 (John Wiley & Sons,
New York 1995), pp. 1071-1094.

CormacHO HEKOTOPbIM BapHaHTaM OCYINECTBJIEHUS JaHHbIE MAacC-CIIEKTPOMETPUHU
NPEACTaBIEHbl B BHUIE Macc-xpomarorpammsbl. "Macc-xpomarorpamma’ mpencraBisieT coOoi
NPEICTABJIEHNE MAacC-CIIEKTPOMETPUYECKUX JAHHBIX B BHAE€ XPOMATOIPaMMBbl, IZ€ OCh X
NPEACTABIISIET BPEMS, & OChb Y MIPEACTABISET MHTEHCUBHOCTD curHasa. CoriacHO OHOMY acIekTy
Macc-XpoMaTorpaMMa IMpencTaBisier coboi xpomarorpammy obmero uonHoro Ttoka (TIC).
CormacHo npyromy acnekTy Macc-XpoMaTorpamMma IpeNCcTaBiseT COOOH XpoMaTorpaMmy
OCHOBHbIX MNUKOB. COrJacHO APYrUM BapHaHTaM OCYLIECTBIEHHsS MacC-XpoOMaTorpaMma
NPEenCcTaBsieT COOOH XpoOMaTorpaMMy peructpauuu BbiOpaHHbIX HOHOB (SIM). CormacHo
APYrOMYy BapHaHTy OCYINECTBICHHS MaCC-XpOMAaTOrpaMMa MpeACTaBIsieT COO0H XpOMaTorpaMmMy
KOHTpoOJs cenekTuBHBIX peakiuii (SRM). CorinacHo OIHOMY BapHaHTy OCYIIECTBJIEHUS Macc-
XpOMarorpaMma MnpeacTaBisieT COOOH SKCTparnpoBaHHYI0 HOHHYIO xpomatorpammy (EIC).

B EIC opuH npu3HaK OTCIEKHBAIOT HA TMPOTSHKEHMHM Bcero ombita. OOmmyro
MHTEHCUBHOCTb WJIM MHTEHCHUBHOCTb OCHOBHOIO IHKA B MpeAesax OKHA JOMyCKa IO Macce B
OKPECTHOCTH OTHOLIEHHUS MaCcChl K 3apsily KOHKPETHOIO aHAJIUTA HAHOCAT Ha IPpauK B KAXKIYIO
TOYKY aHayiu3a. PasmMep OKHA JTOMYyCKOB MO Macce, Kak MPaBUJIO, 3aBUCUT OT TOYHOCTH MAacChl U
MacCOBOIrO pasperneHusi npudopa, cobduparoiero aaHHble. MCmojap3yemblii B HACTOSIIEM
JOKYMEHTE TePMHH "TPU3HAK" OTHOCUTCS K OIHOMY HU3KOMOJIEKYJIIPHOMY METAaO0OJHUTY MU
¢parmenty meradonuta. COriacHO HEKOTOPBIM BapHaHTAM OCYIIECTBIIEHHS TEPMUH "TPU3HAK"
MOYKET TaKKe BKJIFOYATh B CeOs IIyM MPH AATBHEHIITNX UCCIIETOBAHMSIX.

OOHapy>keHHe TPHUCYTCTBHA METAa0OJUTa, KaKk MpaBWiIo, OyOeT MpenyCcMaTpUBaTh
OOHapy’KeHHe WHTEHCUBHOCTH CHUTHAJA. JTO, B CBOKD OYEPEIb, MOKET OTPAKaTh KOJUYECTBO U
xapakTep Ouomapkepa, CBA3aHHOrO ¢ cyOcrparom. Hampumep, coriiacHO oOmnpenenreHHbIM
BapUAHTAM OCYIIECTBJIEHUS] NHTEHCUBHOCTb CHTHAJIA MUKOBBIX 3HAYEHHUH U3 CIIEKTPOB MEPBOTO
oOpasma W BTOpPOro oOpasua MOXKHO CPaBHUTh (HAampuUMep, BH3YAJIbHO, C IOMOIIBIO
KOMITBIOTEPHOTO aHalu3a U T.A.) AJI ONPEAETICHHsI OTHOCUTENbHBIX KOJHMUYECTB KOHKPETHBIX
MeTaboauToB. IIporpaMMel CHCTEMBI MPOTPAMMHOTO OOECIIEYEHHUs, TaKue Kak IMporpamma
Biomarker Wizard (Ciphergen Biosystems, Inc., Fremont, CA), MOXHO HCHONB30BaTH AJIS
CONEWCTBUSL B aHAJM3€ CHEKTPOB MAaCC-CIIEKTPOMETPUH. Macc-CIEKTPOMETPhl M UX TEXHHUKH
XOPOLIO U3BECTHBL

Crenmaancty B HACTOSIIEH O0MAaCTH TEXHHUKH TIOHSTHO, YTO JIEOOOW M3 KOMIIOHEHTOB

MacCC-CIICKTPOMETPA, HAIIPHUMEP, HUCTOYHHK I[GCOp6I_II/II/I, MacCC-aHAIU3aTop, ACTCKTOPD U T.A. U
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pasHooOpa3Hble TMpenapaThl 00pa3sLOB MOKHO KOMOMHHPOBATH C APYTHMMH IMOIXOISALIAMH
KOMITOHEHTAMH WJIH MperapaTaMy, OMMCAHHBIME B HACTOSIILEM JOKYMEHTE, UJIH C TEMH, KOTOpbIe
U3BECTHBIM B HACTOsIILEH OONacTh TeXHUKH. Hampumep, COrJIaCHO HEKOTOPbIM BapHaHTaM
OCYIIECTBJIEHUS] KOHTPOJIbHBIN 00pa3ell MOKET COflepsKaTh TSKENble aTOMbI, Hanpumep, °C, Tem
CaMbIM TO3BOJISISI CMELINBATh UCCIEAyeMblil 0Opa3el] ¢ M3BECTHbIM KOHTPOJIbHBIM 00pa3LoM B
OJHOM U TOM JK€ OIbITEé Macc-crekTpomerpuu. lIpenycMoTpeHo moxaxopsiiee cTaOuIbHOE
U30TOIHOE MEYEHUE.

CormacHO OJHOMY BapHaHTY OCYIIECTBIEHHUS HCHOJB3YIOT MAacC-CIEKTPOMETP C
BpeMsIIPOJIETHOM s1a3epHoit necopouueii (TOF). B macc-criekTpoMeTpui ¢ Ja3epHoi necopoumeit
cyOcTpaT co CBsI3aHHBIM MapKepOM BBOZST BO BITyCKHYIO cucteMy. Mapkep necopOupyercsi, u ero
MOHHM3HPYIOT B Ta30BOH (pase 1a3epoM U3 NCTOUHUKA MOHU3ALMH. | eHepupyeMble HOHbI COOMPAIOT
C TIOMOIIBI0 HOHHO-ONITHYECKOH COOPKH, a 3aTe€M BO BPEMSIIPOJIETHOM MAaCC-aHAN3aTOPe UOHBI
YCKOPSIOT MOCPEACTBOM KPAaTKOBPEMEHHOIO BO3JEHCTBHSI TOJS BBICOKOTO HANPSDKEHUS U
OCTaBJSIIOT ApeiioBaTh B BBICOKOBAKYYMHYIO Kamepy. B nmanbHeM KOHIE BBICOKOBAKYYMHOH
KaMepbl YCKOPEHHbIE MOHBI MONAal0T HA YYBCTBUTENIBHYIO MOBEPXHOCTb NETEKTOPA B Pa3HOE
Bpemst. [IoCKOJBKY BpeMsi MposieTa 3aBHCUT OT MacChl MOHOB, MNPOLIENIIEe BPEeMs MEXKAY
o0pa3oBaHNEeM HOHOB M YAAPOM O JETEKTOP MOHOB MOXXHO HMCIOJIB30BATh ISl HACHTH(UKALINN
NPUCYTCTBHSI UK OTCYTCTBHUSI MOJIEKYJI C KOHKPETHBIM OTHOLIEHHUEM MACCHI K 3apsily.

CormacHO OIHOMY BapUaHTy OCYINECTBICHUS HACTOSIIEr0 U300peTeHHsi YPOBHU
MeTabOJIUTOB OOHAPYKUBAIOT C TOMOLIBIO Macc-criekrpomeTpun MALDI-TOF.

CrocoObl  OOHapy»keHusi MeTadOJIMTOB Tak)ke BKIIOUAOT B cebs MpUMEHEeHHe
MOBEPXHOCTHOTO M1a3MOHHOTO pe3oHanca (SPR). buocencopnyro TexHonoruto SPR o0benuuum
¢ macc-criektpomerpueit MALDI-TOF nnst necopOumnu u uaeHTu¢ KA MeTadOIUTOB.

JlaHHbBIE Uil CTATHCTHYECKOrO aHaM3a MOKHO M3BJIEUb M3 XPOMATOrpaMm (CIEKTPOB
CUTHAJIOB MAacC-CIIEKTPOMETPUH) C HCIOJIb30BAHUEM MPOTPAMMHOTO OOecredeHus: st
CTAaTUCTUYECKUX METOJIOB, U3BECTHBIX B HACTOsIIEH 00macTu TexHUKH. "CTaTucThKa" - 3TO HayKa
00 3¢ ek THBHOM HCIOMB30BAHHU YHCIOBBIX JAHHBIX, OTHOCSIIUXCS K MPYIaM UHAWBUAYYMOB
Wik dKcrnepuMeHToB. CrocoObl CTATHCTUYECKOrO aHajli3a XOPOIIO M3BECTHbI B HACTOSILIEH
00JTACTH TEXHUKH.

CornacHo OTHOMY BapUaHTY OCYLIECTBIEHHS JJIS1 CTATHCTUYECKOTO aHAJIN3a HCTIONB3YIOT
KOMITBIOTED.

CornacHo OTHOMY BapHUaHTY OCYILIECTBIEHHS JJIS1 CTATHCTUYECKOTO aHAJIN3a HCTIONB3YIOT
nporpammHoe obecneuenne Agilent MassProfiler wnu MassProfilerProfessional. Cornmacuo
APYrOMY BapHaHTyY OCYINECTBJCHHUS JJIsl CTATUCTHYECKOTrO aHAJIN3a HCIOJBb3YIOT MPOrPaAaMMHOE

obecrieuenne Agilent MassHunter Qual. CornacHo npyruM BapuaHTaM OCYIIECTBJICHHS] MOJKHO
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UCTIONIb30BaTh ~ AJIbTEPHATUBHBIE CIOCOOBI  CTATUCTHYECKOTO aHaiuM3a. lakue Japyrue
CTaTUCTHYECKHE CIIOCOOBI BKIIIOYAIOT B cedst nucnepcronHblid aHanu3 (ANOVA), kpurepuii xu-
KBaJpaT, KOPPEISILUOHHBIN KpuTepui, Kpurepuil (akropHOro axamusa, U-xpurepuii ManHa-
VYuTHH, cpenHee KBaApaTHUHOE B3BeleHHoe oTKiIoHeHne (MSWD), kosdunuerT koppensiuun
ITupcona, perpecCHOHHBII aHANN3, K03 UIMEHT paHroBol Koppessiiuu CriupMeHa, t-Kkpurepui
Croronenta, kpurepuit Kpamepa-¥Yanua, kpurepuil TbloKH U aHaIN3 BPEMEHHBIX PSATIOB.

CornacHo pa3aMyHBIM BapHAHTaM OCYILIECTBIEHHS CUTHAJIbI MACC-CIIEKTPOMETPHH MOXKHO
npeo0pa3oBaTh PA3TUYHBIMU CIOCOOAMU IS YIIYUIIEHHUS TPON3BOAUTENBHOCTH criocoba. JIroObie
MHMBUAYAJIbHbIE CUTHAJIBI HIIH CBOJIHBIE JAHHBIE pacrpeieNIieHn CUTHAJIOB (TaKHe Kak CpeHee,
MeIuaHHOe 3HAa4eHHE WJIM JUCIEPCHs) MOXHO IpeoOpa3oBaTh TakuM oOpazoMm. Bo3moxHble
npeoOpa3oBaHusl BKJIIOYAIOT B cebst  jorapudmupoBaHHe, BO3BEIEHHE B HEKOTOPYIO
MOJIOXKHUTEJIBHYIO UM OTPULIATEIIbHYIO CTENEeHb, HAIIPUMEP, U3BJIEUEHHE KBaJPaTHOTO KOPHS WIIH
BBIYHCIICHHE WHBEPCHU, UM BbluucieHne apkcunyca (Myers, Classical and Modern Regression
with Applications, 2nd edition, Duxbury Press, 1990).

Cnenyer npuHIMaTh BO BHUMAaHHE, YTO KaK TOJIBKO KUBOTHOE OBLIO KJIACCU(UIIMPOBAHO
C KOHKpeTHbIM (peHOTHIIOM (Hampumep, BBICOKas 3(P(PEKTHUBHOCTb HCIIOJIB30BAHUS KOPMOB,
HHU3KHH IPOM3BOAMTENL METAHA), €r0 MOXKHO OTOOpaTh (HarpuMep, OTACIUTD OT OCTAJIbHOM YacTH
craga) U KiacCH(PUUUPOBATh KaK XapaKTEPU3YIOLIErocs: ykasaHHbiM (eHoturom. CoriacHo
OHOMY BapHAaHTy OCYIIECTBJICHMS KHBOTHOE UMEET TaBPO C TeM, YTOOBI OBUIO SICHO, YTO OHO
XapaKTepU3yeTcs STUM (PEHOTHUTIOM.

CornacHo OTHOMY BapHaHTY OCYIIECTBIICHHUS KHBOTHOE BEIOUPAIOT B KAUECTBE KAaHIUAATa
Ha cenekiuio. COriacHO APYyroMy BapUaHTY OCYLIECTBICHHS *KHBOTHOE BBIOMPAIOT B KaueCTBE
KaHAMIaTa Uil TPOM3BOACTBA Msica. B ciywae, korma OOHapyXeHO, 4YTO JKUBOTHOE
XapaKTepU3yeTCss  HeXeNaTeIbHbIM  (peHOTHNoM  (Hampumep, Huskas 3((HEeKTUBHOCTH
UCIIOJIb30BaHMsI KOPMOB, BBICOKUH NPOHM3BOAUTENb METAaHA), XHMBOTHOE MOXHO BBIOpaTh B
Ka4eCTBE KaHIUAATA JIJIsl TEPAITHH.

Takum 0Opa3oM, COTIACHO APYroMy acleKTy HACTOSLIEr0 M300peTeHHs MpeayCMOTPEH
cioco0 yBennueHus: 3(PPEKTHBHOCTH HCIOJNb30BAHUSI KOPMOB HJIM YMEHBLIEHHS MPOAYKIHH
MeTaHa JKBA4HOTO JKHBOTHOTO, PEAYCMAaTPUBAIOIINUN BBEEHHE JKUBOTHOMY CPENCTBA, KOTOPOe
YBEJIMYMBAET KOJIMYECTBO IO MEHbLIEH Mepe OJHOro BHAa OakTepui, MPEICTABICHHOTO B
tabmune 4, B MHKpoOMOMe pyOIa >KMBOTHOTO, TeM CaMbIM yBenuuuBas 3((EKTUBHOCTD
UCTIOJIb30BAaHUsI KOPMOB WJIM  YMEHbIIAas TPONYKIHMIO METaHa JKBAYHOTO >KMBOTHOTO.
AJNBTEpPHATUBHO ISl yBeNUUEHUs! 3((HEKTUBHOCTH HCIOJIB30BAHUS KOPMOB (WMJIM YMEHBIICHUS
NPONYKIIMH METaHA) MOKHO MOJYYHTh CPEICTBO, KOTOPOE YBEIMYMBAET KOJMUECTBO 110 MEHBLIEH

Mepe OIHOro Buaa poxa Oakrepuii Megasphaera, mo MeHblel Mepe IBYX BUAOB pona OakTepwii
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Megasphaera, o meHbIineli Mepe Tpex BUIOB pona Oaktepuit Megasphaera, o meHbIIel Mepe
4eThIpex BHIOB pona Oaktepuili Megasphaera, mo MeHbIIEH Mepe ISITH BHIOB ponia OakTepuit
Megasphaera, o MeHblel Mepe mecTH BUAOB pona bakrepuii Megasphaera, o MeHblIeH Mepe
ceMu BUIOB pona Oakrepuii Megasphaera, mo MeHbIneli Mepe BOCBMU BHIOB poja Oakrepuit
Megasphaera, no MeHbIel Mepe AeBATH BUIOB poaa Oaktepuii Megasphaera, no MeHbineii Mepe
aecsaTy 1 OoJblle BUIOB pona Oakrepuii Megasphaera.

CornacHo HacrosmeMy H300pPETEHHIO INPENAYyCMOTPEHO YBEJNWYEeHHE O0ecreunBaeMoi
MUTaHUEM SHEPTUU WM YMEHbLIEHNE MPOAYKLMHY METaHa JKBAYHBIX KUBOTHBIX BCEX BO3PACTOB.
CornacHoO KOHKPETHOMY BapUaHTy OCYIIECTBJICHHUS JKUBOTHBIE, Ubsi OOecrieurnBaeMasi MUTaHHEM
SHEPIus U3MEHSETCs, MPENCTABISAIOT COOOH HOBOPOKACHHBIX, KaK IIPABUJIO, BO3PACTOM He Ooiee
onHoro fHs. CornacHo ApyromMy BapHaHTy OCYLIECTBJIEHHUSI BO3PACT >KUBOTHBIX COCTABJISET HE
Oonee nByx aHel. CoriacHoO APYyroMy BapHaHTy OCYLIECTBJIEHUS BO3PACT )KUBOTHBIX COCTABIISET
He Oonee Tpex aHed. CoOrjacHO APYroMy BapUaHTy OCYILECTBJIEHHS BO3PACT >KHUBOTHBIX
cocraBisier He Oosmee 1 Hememu. CoryiacHO JAPYroMy BapHaHTy OCYLIECTBIEHHS BO3pacT
’KMBOTHBIX cocTaBisier He Oomee 2 Henmenu. COrjlacHO APYroMy BapHaHTY OCYIIECTBIICHHS
BO3pACT JKMBOTHBIX cocTaBisier He Oomee 1 wmecsima. CormacHo JApyromy BapHaHTY
OCYIIECTBJIEHUSI BO3PACT >KUBOTHBIX COCTaBisieT He Oonee 3 MecsueB. CoriacHO Apyromy
BAPUAHTY OCYLIECTBJIEHHsI BO3PACT JKUBOTHBIX COCTaBisieT He Oomee 6 mecsues. CoriacHo
APYroMy BapHaHTy OCYIIECTBJICHHS BO3PACT *KHBOTHBIX COCTaBiisieT He Oonee 1, 2 wim 3 Jer.
CornacHo Apyromy BapHaHTy OCYIIECTBIEHUS JKUBOTHBIE SBIISIOTCS B3POCIIBIMHL.

CormacHO ONHOMY BapHaHTy OCYIIECTBJIEHUS CPEACTBO TMpPEncTaBisieT CcoOoH
KOMIIO3HIIHIO, CONEPIKAIYI0 OakTepun (MUKPOOHOIOTHUECKYO KOMITO3HIIHEO). OHA COIEPIKUT IO
MEHbIIIEH Mepe OIMH, TT0 MEHBILEH Mepe J1Ba, IO MEHbIIEH MEpe TPH, MO MEHBILIEH MEPE YEThIPE,
[0 MEHbIIEH Mepe MATh, IO MEHbILIEH Mepe LIeCTh, 10 MEHbLIEH Mepe CeMb, [0 MEHbIIEH Mepe
BOCEMbB, [10 MEHBIIEN Mepe IEBSTh, 10 MEHbIIEH Mepe AeCATh, 10 MeHbLIeH Mepe 11, mo Menb1ei
Mepe 12, mo meHbluel mepe 13, o meHbuiel Mepe 14, mo MeHbluel mepe 15, mo MeHblIen Mepe
16, mo meHbIel Mepe 17 nin BCe U3 BUOB MUKPOOPTaHU3MOB, YIIOMSIHYTBIX B TAOJIULE 4.

[IpenqnoyrurenbHO MHUKPOOHUOJNIOTHYECKHE KOMIIO3UIUH COTJIACHO 3TOMY ACHeKTy
HACTOSIIIETr0 M300PETEeHHs COAEepIKaT 10 MEHbINEH Mepe ABa BHIa MUKPOOPraHU3MOB. COriacHo
OJHOMY BapHaHTY OCYIIECTBIEHHS] MUKPOOHOIOrHIECKHE KOMITO3UIIUH COTJIACHO 3TOMY aCIIEKTY
HACTOSIIIETO M300peTeHHsI conepskar MeHbine 4eM 100 BHIOB MHUKPOOPTaHM3MOB, MEHbBILE UYeM
500 BuIOB MUKPOOpPraHu3MmoB, MeHbIle 4eM 400 BUIOB MHUKPOOPraHW3MOB, MeHblIe yem 300
BUJIOB MUKPOOpraHu3moB. MmrocTpaTuBHbIE AUANAa30HbI BUAOB MUKPOOPIaHU3MOB BKJIFOYAKOT B
ceds 2-1000, 2-500, 2-250, 2-200, 2-150, 2-100, 2-90, 2-80, 2-70, 2-60, 2-50, 2-40, 2-30, 2-25, 2-
20, 2-15, 2-10.
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IIpennoyrnTenbHO KOMIO3ULIMS CONEPKUT MO MEHbILIeH Mepe oxmH BUI Megasphaera
(manmpumep, M. elsdenii) w/unm BHUI, XapaKTEPU3YIOIIMKCS MOCIENOBATENBHOCTBIO T'eHa 16S
pPHK, xak npencrasneno B SEQ ID NO: 4 unu 12.

OtHocHTeNbHBIE KOJTMYECTBA KAKI0H OaKTepHaIbHON MOMYJISIIMYA B KOMITO3UIIUK MOKHO
OTIPENENUTD C UCTIONB30BAHUEM COOTBETCTBYIOIINX CUCTEM aHau3a. COriacHO OMHOMY BapUAHTY
OCYILIECTBIIEHUsT OTHOCUTENIbHOE KOJMYECTBO Oakrtepuil Megasphaera mnpesbllIaeT 3TOT
nokaszareib B (peKaJbHOM MHKpoOMOME WM MHKpoOuome pyOlia >KMBOTHOTO C BBICOKOM
SHEepreTuieckoil 3¢ eKTHBHOCTHIO/HU3KOTO MPOU3BOAMUTENS METAHA.

MukpoOHONOrn4eckyr0 KOMITO3UIUI0 MOKHO TOJYYHUTh HETOCPEACTBEHHO U3 o0pasua
MHUKPOOHOTBI KHUBOTHOTO C BBICOKOH JHepreTHueckod 3((eKTHBHOCTBIO. AJIBTEPHATUBHO
MHUKPOOMOJIOTHYECKYI0 KOMITIO3ULIMI0 MOKHO HCKYCCTBEHHO CO37aTh IyTeM A00aBlIE€HUsS
U3BECTHBIX  KOJIIMYECTB  Pa3IMYHBIX  MHKpoopraHuzMoB. Crenyer  MOHMMAaTh,  4TO
MHKPOOHOJIOTHUECKYI0 KOMITO3ULIMIO, OJTYYEHHY IO U3 00pa3Lia MUKPOOHOTHI JKHBOTHOTO, MOKHO
oOpabarbiBaTh Tepen BBEJCHHEM IIyTEM YBEJIHYEHHs KOJHMYECTBA OIPENEeNeHHOr0 BHAA
(HanpuMep, yBeTHMUSHNs] KOJINYECTBA/WIIN UCTOIIEHUS KOJIMUECTBAa KOHKPETHOTO BUAA, TAKOTO KaK
Megasphaera). CormacHo JapyroMy BapHaHTy OCYIIECTBJIEHHS MHKPOOHOJOTHYECKHUE
KOMIO3ULMK He 00pabaThiBalOT KAaKUM-THOO 00pa3oM, 4YTO CIYKUT JJisi U3MEHEHUs
OTHOCHTEJIbHOTO PAaBHOBECHS MEXIy MHKPOOHMOJOrMYECKUMH BHAAMH U  TaKCOHAMH,
comepkammiMucss B HuX.  COrVIaCHO ~ HEKOTOPBIM ~ BapHaHTaM  OCYLIECTBIICHHS
MHUKPOOHMOJIOTHYECKYIO KOMIIO3ULIMIO PAa3MHOXKAEM €X VIVO C HCIOJIb30BAHHEM M3BECTHBIX
Croco0OB KyJIbTMBUPOBaHUs mepen BBeaeHueM. COrlacHO APYTrUM BapUaHTAM OCYINECTBIICHUS
MHUKPOOHOJIOTHYECKYIO KOMITO3ULIMIO HE PA3MHOKAIOT €X VIVO Tepel BBEICHUEM.

CornacHO OHOMY BapHaHTy OCYINECTBJICHUS MHUKPOOHOJIOTMYECKYI) KOMIIO3HMLIUI HE
NOJIY4ar0T U3 (PEeKaTbHOTO MaTepuaa.

CormacHo ApyroMy BapHaHTy OCYIIECTBJIEHHS MHUKPOOHOJIOTWYEeCKas KOMITO3HMLIUS HE
COmEP KUT (MJIN CONEPIKUT TOJIBKO B CJIEIOBBIX KOJMUYECTBAX) (PeKANbHBIH MaTepual (Hampumep,
KJIETUATKY ).

ABTOpBI HACTOSIIEro M300pEeTEeHUs] MPEAyCMATPUBAIOT CPEACTBA, OTJIMYHBIE OT CaAMHX
MHKPOOPTaHU3MOB, KOTOPBIE YBEIHMUHUBAIOT COOTHOIIEHHE JIFOOOH M3 OnaronpusTHRIX OaKTepHH,
npencTaBieHHbIX B Tabmuue 4. Takue cpencrBa MOTYT NPEACTABISITH COOOH MeTabONUTHI
MeTalonuTsl MOTYT BKJIOUYATh B Ce0sl JIAKTAT WM CYKIIMHAT FJIM KOPOTKOLETIOYEUHBIE KUPHBIE
KHCJIOTBI, KOTOPbIE MOTYT MPEACTABIATh COOOH MOATPYINY SKUPHBIX KHUCIOT C 6 WJIM MEHbLIE
aTOMaMH yryiepoaa B UX aln(aTHUIeCKUX XBOCTAX, HANPUMED, aLETaT, MPOIUOHAT, U300y THPAT,
U30BAJIEPUAHOBAsT KHCJIOTA, 3-METHJIOYTAaHOBAasl KHCJIOTA, BaJEPUAHOBAS KHUCJIOTA, MEHTAHOBAS

KHCJIOTA, HU30BAJIEPHUAHOBAsA KHCJIOTA, HU3O0MCHTAHOBAs KHCJIOTA U 6YTI/IpaT. HpeI[HOLITI/ITeJ'IbHO
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KOPOTKOLIETIOYEYHAS JKUPHAsI KUCJIOTa MPEICTABIIsIeT cOO0M MpOnuoHaT, OyTHPAT, BalepaT 1/ uin
usoBasiepat. JlOMOJHUTENbHBIE TIPEAYCMOTPEHHBIE CPENCTBA BKIIFOYAIOT B CeOsl TIMKAHbI, TAKHE
KaK  Kpaxmaj,  LeJUTI0JIo3a,  TEeMHLEJUII0JIO3a,  TMEeKTHUH,  XpsIeBble,  TKaHEBbIE
(TTMKO3aMUHOTTIHKAHbI ¥ N-CBS3aHHbIE TJIHKAHbI) )KUBOTHOTO MPOUCXOXKICHUS U 3HIOTECHHbIE
TJTUKaHbI U3 CIH3U x03siuHa (O-CBsI3aHHbBIE TJIHKAHbI).

INocne BBeneHMSsI CPEICTB COITIACHO HACTOSIIIEMY H300PETEHHIO OCTATOYHOE MOTpeOdIeHe
KOPMa/TIPOAYKIIMIO MEeTaHa MOKHO HM3MEPHTb C TeM, YTOObI OCYINECTBJISATb MOHUTOPHHT
usMeHeHus. TakuM 00pa3oMm, 103y CPEACTBA MOXKHO KaJHOpOBaTh/PEryIUPOBaTh B COOTBETCTBHH
¢ MOTPeOHOCTSMHU KUBOTHOTO. [[pyrue mapameTpbl, KOTOPbIe MOXKHO MEPENPOBEPSITh, BKIIOUAIOT
B ce0st METaOOJUTBL, JIETYIHE JKUPHBIE KUCIIOTHI.

Jlo BBeIeHMs JKMBOTHOE MOXKET IMPEIBAPUTENIBHO MOJYYHTb JICUEHHE C TOMOLIBIO
CPEeNCTBa, KOTOPOE YMEHBINAET KOJMYECTBO BCTPEYANOLIErocs B MpUpone MuUkpobuoma pydua
(Hampumep, myTeM JieueHus] aHTHOMOTUKOM). COrIaCHO KOHKPETHOMY BapHAHTY OCYIIECTBIICHHSI
JICYeHUE 3HAYNTENIbHO YCTPAHIET BCTPEUAIOINYIOCS B MPUpoAe MUKpodopy pyOia mo MeHbIueit
mepe Ha 20%, 30% 40%, 50%, 60%, 70%, 80% unu naxe 90%.

IToMuMO yBeTUYEHUS] BBIEYNOMSIHYThIX OaKTepUANBHBIX MOMYJSIUI B MHKpoOHOME
pyOLa SKUBOTHBIX, aBTOPbI HACTOSINEr0 H300pPETeHUs] IOMOJHHUTEIbHO MPEeayCMaTPUBAIOT
yMeHbLIeHHe JI000ro u3 BUAOB OaKTepUll, MPUBEACHHBIX B TAONHUIE 5 B HACTOSIIIEM AOKYMEHTE
HITKE.

Takum 00Opa3oM, COrJIACHO IPYroMy acreKTy HACTOSIIero M300peTeHHUs MpenyCMOTpeH
cioco0 yBennuyeHus: 3(PpPEeKTHBHOCTH HCMOJIb30BAHUSI KOPMOB WJIM YMEHBLIEHHS MPORYKIHH
MeTaHa >KBAYHOTO >KMBOTHOIO, NPENyCMATPHBAIOINUI BBENEHHE >KUBOTHOMY KOMIIO3HIIMH,
cozmepsKaleil Mo MeHbIIel Mepe OIHO CPENCTBO, KOTOPOE CHeLU(PHYECKH TMOHMKAIOIIE
peryJupyeT KOJIMYeCTBO MO MEHbIIEH Mepe OHOM U3 OaKkTepuil, MPUBEISHHBIX B TAOIULE 5, TEM
caMbIM yBenu4nBas 3(H(HEeKTUBHOCTD MCITOb30BaHMsI KOPMOB HIJIM YMEHbIIAs TPOAYKIIUIO METaHa
’KBAYHOT'O JKMBOTHOTO.

CormacHo  KOHKPETHOMY  BapHaHTy  OCYIUECTBJICHUS CPEOCTBO HE  SIBIISIETCS
AHTHOUOTHKOM.

CormacHo [pyromMy BapHaHTy OCYLIECTBJIEHHS CPEICTBO IMPENCTABIsieT CoOOM
aHTUOAKTEPUAITbHBIN TTEMTHI.

CormacHo [pyromMy BapHaHTy OCYLIECTBJIEHHS CPEICTBO IMPENCTaBIsieT CoOOM
Oakrepuodar.

CornacHo JpyroMy BapHaHTy OCYIUECTBJCHUS CPEACTBO CIOCOOHO MOHMKAMOIIE
peryaupoBaTh KPUTUYECKH BaXkKHBI Te€H IO MEHbIIeH Mepe OIHOr0 W3 BHIOB OakTepwid,

OMUCAHHBIX B HACTOALIEM JOKYMEHTEC HUXKE.
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Takum o00pa3om, HampuMep, aBTOPBI HACTOSILIErO H300PETEHHs MPEeayCMaTPUBAIOT
NMPUMEHEHNE METaHyKJIea3, TAKMX KaK HyKJiea3bl ¢ MMHKOBBbIMU najbiamu (ZFN), sdpdexropHbie
HykJiea3bl, nofoOHble aktuBaropaM TpaHckpunuun (TALEN) u cucremsr CRISPR/Cas nminst
OTPHULIATEJBbHON Peryisliui KpUTUYECKH BaXKHOTO T€HA.

Cucmema CRISPR-Cas — MHuorue 6akTepHuy 1 apXxeu CoepKaT CUCTEMbI IPUOOPETESHHOTO
UMMyHUTeTa Ha ocHoBe dHAoreHHoW PHK, xoropsle MOTryT paspyliaTh HyKJI€HMHOBbBIE KHUCIIOTHI
MHBA3UBHBIX (aroB M IJIa3MHI. JDTU CHCTEMBI COCTOAT M3 I€HOB KOPOTKHX MAJUHIPOMHBIX
MIOBTOPOB, peryysipHo pacnonoxkeHHbIx rpynnamu (CRISPR), koTopsle mpon3BOaAT KOMIOHEHTHI
PHK, u acconmmuposanubix ¢ CRISPR (Cas) reHoB, KOTOpble KOAUPYIOT OEITKOBBIE KOMITOHEHTHI.
PHK CRISPR (cpPHK) conep»ar KOpOTKHE y4aCTKU T'OMOJIOTMU C KOHKPETHBIMH BUPYCaMH U
IUIA3MUAAMHU U IEHCTBYIOT KaK MPOBOAHUKH, YTOOBI HAaNpaBysiTh Cas-HyKJeasbl AJis Pa3JIOKEHHS
KOMIUIEMEHTapHbIX HYKJIEMHOBBIX KHCJIOT COOTBETCTBYHOLIEro mnartoreHa. HMccnegosanus
cuctembl CRISPR/Cas II Tuma Streptococcus pyogenes mnokasanu, 4TO TPU KOMIIOHEHTA
dopmupyror kommuiekc PHK/Genoxk u BMecTe SBISIFOTCS AOCTATOYHBIMU JUII aKTUBHOCTH
crieuduyeckoii B OTHOIIEHMM MOCIIEAOBATEIbHOCTH Hykieassl: Hykineasa Cas9, cpPHK,
cogepkamasi 20 IM.H. TOMOJIOTUM B OTHOLICHHWU LEJIEBOW IOCIENOBAaTENbHOCTH, M TPAaHC-
axtusupyromasi cpPHK (tracpPHK) (Jinek et al. Science (2012) 337: 816-821.). JlonoaHUTENBHO
NPOIEMOHCTPUPOBAIH, UTO cuHTeTHueckass xumepHasi runoas PHK (rPHK), cocrosimas w3
custHust mexxny cpPHK u tracpPHK, morna nanpasisite Cas9 nist pacmernnenus JJHK-mummenei,
KOTOpBIE sIBIsIOTCs KomruieMeHTapabiMu ¢pPHK in vitro. Kpome Toro, npoaeMoHCTpUpPOBAJIH,
YTO TpaH3ueHTHyI »skcnpeccnto Cas9 B coueranuu ¢ cuHtermdeckumu rPHK  moskHO
UCTIONB30BaTh AJIs MOJyUYeHUs] HALEJIEHHbIX BYXLIETIOUYEYHBIX Pa3pbIBOB Y MHOTHUX Pa3JINYHBIX
BuzoB (Cho ef al., 2013; Cong ef al., 2013; DiCarlo et al., 2013; Hwang ef al., 2013a,b; Jinek et
al.,2013; Mali et al., 2013).

Cucrema CRIPSR/Cas nisi pemakTHpOBaHHSI TE€HOMAa CONEPIKHUT JIBA OTAENIbHBIX
komrioHeHTa: rPHK u sHnonykneasy, nanpumep, Cas9.

rPHK, kak mnpaBuio, mpencrasisier coboit 20 HyKJIECOTHIHYIO IOCIENOBATEIbHOCTD,
KOIUPYIOIIYIO KOMOWHAIMIO ILeJeBoH romojorudHod mocienosarenbHoctd  (cpPHK) wu
sHporeHHol OakrepuansHoit PHK, kotopas coenunsier cpPHK ¢ nykneasoit Cas9 (tracpPHK) B
enuHbplii  xuMmepHblii  TpanckpunT. Kowmmuieke rPHK/Cas9 BkmrowaeTcss B LENEBYIO
MOCJIEIOBATENBHOCTh MyTEM CHAPUBAHUS OCHOBAHMHI Mexay mnocienosarenbHOCTh0 TPHK u
komruieMenTapHoi reHomHoit JIHK. Jlns ycnewmHoro ceszbiBaHus CasO reHomHasi Lieneast
MOCJIEIOBATENBHOCTD TAKXKE [OJKHA COAEPKAaTh MPABUIIBHYIO IMOCIENOBATENbHOCTh MOTHBA,
npujieraromero k mporocneticepy (PAM), cpasy mocie LeleBOl MOCIeIOBaATEIbHOCTH.

CesspiBanne  kommiekca rPHK/Cas9  nmokamusyer Cas9 Ha  TeHOMHOW — II€JIEBOM
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NoCJIeIoBaTeNIbHOCTH  Tak, 4ToObl Cas9 wmornma paspesatp ob6e wnenu JIHK, Bbi3biBas
nByxuenodeuHbiii paspeiB. Kak u B ciyuae ¢ ZFN u TALEN, nByxuenodeuHble pa3pbiBbl,
npomsBeneHHble CRISPR/Cas, MoryT moaseprarbcsi romojiornyHol pexomOnaanuu wi NHEJ
(HErOMOJIOTHYHOMY COETMHEHHIO KOHIIOB).

Hykneasa Cas9 conepxur nBa ¢yakimoHanbHeix qomeHa: RuvC m HNH, kaxnbni u3
KOTOPBIX pazpesaeT pazamunyto uemnb JJHK. Ecnu 06a u3 atux nomeHoB aktuBHbI, Cas9 BbI3bIBAET
AByXLleNOoYe4Hble pa3pbiBbl B reHomHON JIHK.

CymectBennoe mpeumymectso CRISPR/Cas cocrour B TOM, 9YTO BBICOKas

>
3¢ (HEeKTUBHOCTD 3TOM CUCTEMBI B COYETAHHH CO CIIOCOOHOCTBIO JIETKO CO37aBaTh CHHTETUIECKHE
rPHK nosBosnsier oiHOBpEMEHHO HALlEJIEHHO BO3JIEHCTBOBATh CPa3y Ha HECKOJBKO reHoB. Kpome
TOTr0, OOJIBLUTMHCTBO KJIETOK, HECYIIUX MYTALUIO, IPEICTABISAIOT COO0H OnansenpHble MyTallliu B
LIEJIEBBIX T€HAX.

Tem He meHee, Kaymascsi TMOKOCTb BO B3aUMOAEHCTBHSAX CIAPUBAHMS OCHOBAHHH
Mexnay nocaenosatenbHocThi0 TPHK u nenesolt mocnenosarenpbHOCTBIO reHoMHon JIHK
JOTNyCKAaeT HECOBEPIUECHHbIE COBNAAECHMS C LIEJEBOM MOCIEN0BATENbHOCTBIO, KOTOPAsi MOJIKHA
ObITh pa3pesana ¢ nmomoinsto Cas9.

Moau¢unmpoBanabie Bepcun ¢epmenta Cas9, conmep:kamye OAMH HEAKTUBHbIN
KaraymuTuyeckuii momeH, mbo RuvC-, mu6o HNH-, nHaseiBaroTcst 'Huka3amu'. TONBKO ¢ OOHUM
AKTUBHBIM HYKJIEa3HbIM JOMeHOM Huka3a Cas9 paspesaer Tonbko omHy uenb neneoi JJHK,
CO3/1aBasi OAHOLIETIOUEYHBIN pa3pbIB, WK 'HUK'. OQHOLIETIOUEYHBIH pa3phiB, WIH 'HUK', B HOPME
ObIcTpO penapupyercst nocpenctsoM nmytu HDR, HCHOIB3y st MHTAKTHYIO KOMILUIEMEHTAPHYIO LEMb
JHK B kadectBe Marpumbl. OIHAKO 1Ba MPOKCHMAJIBHBIX OJHOLICTIOYEYHBIX pPa3pbiBa Ha
NPOTHUBOMOJIOXKHBIX IIETX, BBEACHHBIX HUKa30i Cas9, MpUpPaBHUBAIOTCSA K JBYXLEMNOYEUHOMY
pa3ppiBYy B TOM, 4TO 4acTo HaszbiBatoT cuctemodr CRISPR ¢ 'mBOHHBIM ONHOLIEIOYEUHBIM
paspbiBoM'. JIBOWMHOM OAHOLIETIOUEYHBII pa3pblB MOXKHO penapupoBaTh ¢ moMoueio 6o NHEJ,
m6o HDR B 3aBucumocTH oT Tpedyemoro s¢dekta Ha TeHHYI0 MHLIeHb. TakuM 00pa3om, eciiu
creun(pUIHOCTb U CHIKEHHBIE 3(h()EKThI HEIeJIEBOrO BO3IEHCTBHS HMEIOT PeLIaroliee 3HaYeHUE,
ucrosib3oBaHNe Hukasbl Cas9 nnst co3maHuss ABOWHOTO OJHOLIENIOYEYHOTO paspbiBa IyTEM
koHCTpyupoBanuss 1Byx TPHK ¢ meneBpIMH mNOCIENOBATENBHOCTSMU B HEMOCPENCTBEHHON
OJU30CTH U Ha MPOTUBOMOJIOKHBIX Hersix reHoMHoN JIHK ymenbmano Ob1 3¢ ek HeneneBoro
BO3JEHCTBHS, Tak Kak Jodas TPHK otnensHO OyaeT mpuBOAUTE K MOSBICHUIO OJHOLIENIOYEUHBIX
Pa3pbIBOB, KOTOPbIE HE U3MEHAT reHoMHyr0 [ITHK.

Momudunmuposanneie Bepcun ¢epmenta Cas9, copmepkammue 1Ba HEAKTHUBHBIX
KaTanuTHueckux nomena (Meptseiid Cas9 wim dCas9), He 00nafar0T HyKII€a3HOH aKTHBHOCTBIO,

xoTst MoryT cBsi3biBaThes ¢ JIHK Ha ocHoBanmm cnemuduynoctu rPHK. dCas9 moskHO
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UCIIONIb30BaTh B Ka4eCTBE MIaT(OpMbI 11 peryisitopoB TpaHckpunuuu JJHK nist akrusanmm ninm
NOJABJIEHUS] SKCIPECCUH T€HOB NyTEM CIUSHHUS HEAKTUBHOrO (PepMeHTa ¢ HW3BECTHBIMHU
peryiastopHbiMA  nomMeHamu. Hampumep, cBssbBanne dCas9 ormenpHO ¢ mesneBoi
MOCJIE0BATENbHOCTBIO B reHOMHOU JIHK MokeT nmpensiTcTBOBaTh TPAHCKPHUIILIUU I'eHa.

CyuecTByeT ps HHCTPYMEHTOB, HaXOSLIMXCS B OTKPBITOM JOCTyIlE, KOTOpbIE
MIOMOTAIOT BBIOMPATh W/MIN pa3padaThiBaTh LENEBbIE IMOCIEAOBATENBHOCTH, & TAK)KE MEPEeUuHU
OnonH(pOpPMaLIMOHHO orpeeeHHbIX YHUKaIbHbIX TPHK 11 pa3snudHbIX reHOB y pa3HbIX BUOB,
takue kak Target Finder maGoparopuu Feng Zhang, Target Finder mabopaTopun Michael Boutros
(E-CRISP), wunctpymentst RGEN: Cas-OFFinder, CasFinder: ruOxmii anroput™ s
unenTudukanun crnenuduueckux s Cas9 mumeneit B renomax, u CRISPR Optimal Target
Finder.

Hns  ucnonb3oBanusi cucteMbl CRISPR  kak rPHK, Ttak wu Cas9 nomxHbI
HKCIPECCUPOBATHCS B LIENIEBON KiieTKe. FIHCepLIMOHHBIN BEKTOP MOXKET COiepKaTh 00€ KacCeThl
Ha ONHOM IJIa3MUJE, UIM KaCcCEThl SKCIPECCUPYIOTCS U3 ABYX OTAENbHBIX MasMun. IInasmumsl
CRISPR sBasiroTCS KOMMEpUECKH JOCTYITHBIMY, Takue Kak ruasmuza px330 ot Addgene.

MukpoOHONIOrHYECKYI0 KOMITO3UIIMIO MOKHO BBOOUTH camy 1o cebe (Hampumep, C
UCIIOJIb30BAHMEM KaTeTepa WM LINPHLA) WX MOKHO BBOAUTH BMECTE C KOPMOM (Hampumep, B
KauecTBe KOPMOBOH T0OABKH) AJIs SKUBOTHOTO MJIM HAITUTKA JJIS1 )KUBOTHOTO.

ITHUX JKBAYHBIX JKUBOTHBIX MOKHO KOPMHTD C TIOMOLIBIO KOMITO3UIIUH KOPMOBOH J00aBKH
COTJIACHO HACTOSIIEMY H300peTeHHI0 B JI0OOe BpeMsi U B JEOOOM KOJMYECTBE B TEUEHHE HX
»u3HA. UHBIMU CJIOBAMHU, JKBAYHOE YKMBOTHOE MOYKHO KOPMHTBH KOMIIO3HLIMEH KOPMOBOI 10OaBKH
COTJIACHO HACTOSIIEMY M300peTeHuro Jubo camoii mo cebe, TUOO B Ka4yeCTBE YaCTH PALMOHA,
KOTOPBIN BKJIFOYAeT APYrue KOPMOBbIE MPOAYKThL Kpome Toro, >xBayHOE >KMBOTHOE MOKHO
KOPMHUTB KOMITO3UIIEH KOPMOBOI JOOABKH COTIIACHO HACTOSILIEMY H300PETEHHIO B JIFOOOE BpeMst
B T€UYECHHUE ero Xu3HH. JKBauHOE JKUBOTHOE MOYKHO KOPMUTH KOMITO3HIIMEH KOPMOBOI H00aBKH
COTJIACHO HACTOSIIIEMY U300PETEHUIO TIOCTOSIHHO, Yepe3 PEeryJIipHbIE IPOMEKYTKH BPEMEHH HUJIH
nepuoauyuecky. JKBauHOE JKMBOTHOE€ MOMKHO KOPMHTb KOMIIO3HMLIMEH KOPMOBOH 100aBKH
COTJIACHO HACTOSIIIEMY H300PETEHHIO B TAKOM KOJIMYECTBE, YTOOBI Ha €€ OO MPUXOIUIICS BECh
KOpM, OOJIbIIast MUK MEHbINAs AOJsI KOPMa B PallMOHE JKBAYHOT'O JKHBOTHOTO B TEYEHHE JFOOOTO
Nepruosia BPEMEHHU B JKU3HU KUBOTHOTO. COrylacHO OJHOMY BapHUaHTy OCYILECTBIIEHUs KBaUHOE
KHBOTHOE KOPMST KOMITO3UIMEH KOPMOBOW HOOABKH COTJIACHO HACTOSIIEMY H300pPETEHUIO B
KOJINYECTBE, TaK YTO HA HEE MPUXOAUTCS OOJIbINAs YaCTh KOPMA B PALIMOHE KHBOTHOTO B TEUEHUE
3HAYUTEIBbHON YaCTH KU3HH KHBOTHOTO.

ITpuMeps! AOMOTHUTENBHBIX AKTHBHBIX KOPMOBBIX JOOABOK AJIsl pyOLa, KOTOPBIE MOYKHO

NOJYYUTh BMECTE C KOPMOBOM 100ABKOH COTJIACHO HACTOSALIEMY HU300PETEHHUIO, BKIIFOYAIOT B CE0sI
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Oydepsl, ¢depMeHTHpPyeMble OCTAaTKH, 3(HpHBIE Macia, MOBEPXHOCTHO-AaKTHUBHBIE CPEICTBA,
MOHEH3HWH HATPHsI, OPraHMYECKHE KUCIIOThI U TOTIOJTHUTEbHbIE ()ePMEHTBHI.

Kpome Toro, mpenycmMoTrpeHa MHKAICYJSLUS MUKPOOPTAHM3MOB B HAHOYACTULIAX WU
MHUKPOYACTHIIAX C HCIOJb30BAHUEM CIOCOOOB, M3BECTHBIX B HACTOSIICH OOJACTH TEXHHKH,
BKJItO4Yasi B ce0s1 criocoObl, onucanHubie B EP085805, EP1742728 A1, W02006100308 A2 u US
6449916, conep>xaHUe KOTOPBIX BKJIFOUEHO B HACTOSILIIUI JOKYMEHT ITOCPEACTBOM CCBUIKU.

Komrmo3uimn MOKHO BBOAHTH IMEPOPATBHO, PEKTANbHO WM JIFOOBIM IPYTHM IyTEM,
KOTOPBIN SIBJISIETCS OJIArOMPUSATHBIM JUJISL SKUBOTHOTO, TaK YTOOBI MHUKPOOPTaHU3MBI TOCTHTAJIH
pyO11a JKUBOTHOTO.

CormacHo  npyroMy  BapHaHTy  OCYIIECTBJIEHHS ~ HacTosimee  H300peTeHue
NpeayCMaTpPUBAeT HOBbIE CHOCOOBI BBIPALIUBAHUS JKBAYHOTO JKUBOTHOTO IMYTEM KOPMJICHHS
’KBAYHOT'O YKMBOTHOT'O TAKOH KOMITO3ULIMEH KOPMOBO# TOOABKH.

IMpexxne yeM NOAPOOHO MOSICHUTH MO MEHbIIEH Mepe OOMH BapUAHT OCYIIECTBICHHS
HACTOSIILETO N300pETEHHs], ClIeNyeT MOHUMATh, YTO HACTOsLIEe U300PETEHNE HE OTPAHUYEHO B €T0
MIPUMEHEHUN JeTajsIMy, U3JI0KEHHBIMU B NOCJIEAYIOIEM OIUCAaHUU WJIN
NPOWJUTIOCTPUPOBAHHBIMU MpuMepaMu. Hacrosiiiee u3oOpeTeHHe MOXKET MpeayCMaTpPUBaTh
OpYyTUe BapUAHTBI OCYILECTBJICHUS], NN €r0 MOKHO OCYIIECTBUTh Ha MPAKTUKE WM BBINOJHUTD
paznu4yHbIMH MyTssMUA. Kpome TOro, cieayer moHuMaTh, YTO (OPMYJIHPOBKH U TEPMHHOJIOTHS,
UCIIOJIb3YeMbIe B HACTOSIIIIEM JOKYMEHTE, TpPEeAHA3HAuYeHbl JJIi OMHCAHUS W HE IJOJDKHBI
paccMaTpuBaThCS KaKk OrPaHUYHUBAIOIINE.

JIOTIOTHUTEIbHBIE LIEJTH, MTPEUMYIIEeCTBA U HOBbIE MPU3HAKK HACTOSIIETO M300pETeHHSI
CTaHyT OYEBHIHBIMH Ui CPEOHEro CIELUAINCTa B HACTOSINEH OOJNACTH TEXHHKHU IPH
PaCCMOTPEHUH CJIEAYIOLIUX MPUMEPOB, KOTOPbIE HE MpeIHA3HAuYeHBbI g orpaHuydenus. Kpome
TOTO, KXKIIbIH U3 PAa3IMYHBIX BAPHUAHTOB OCYIIECTBIIEHUS U aCMIEKTOB HACTOSIIIErO H300peTeHuUs,
OMUCAHHBIX BBIIIE W 3asBJIEHHbIX B pazaene (GOpMysbl H300pPETEHUs HIDKE, HAXOOUT

SKCIEPUMEHTAJIbHYIO MMOAACPIKKY B CICAYIOIIHX IMPpUMEpPax.

IHPUMEPBI
Hwxe npuseneHa ccpulka Ha CIHEAYIOIIME IPUMEPBI, KOTOPBIE BMECTE C
BBILIENPUBEIEHHBIMU ONHUCAHUSIMU WUTIOCTPUPYIOT HaCTOALIEE n3o0pereHue
HEOTPAaHMYUBAIO UM 00pPa3oM.
Kak npaBuiio, HOMEHKJIATy pa, UCTIONIb3yeMasi B HACTOSIIIEM TOKYMEHTE, U J1adopaTopHbIe
NPOLEAYPHl, UCMOJB3yeMble B HACTOSIIEM H300pPETeHHH, BKIIIOYAIOT B Ce0Sl MOJICKYJISIPHBIE,
OMOXMMHYECKHEe, MUKPOOHOJIOrHYeCKHe TEeXHUKH M TexHuku pekomOuHantHor JIHK. Taxue

TEXHUKU MOAPOOHO omucanbl B uteparype. Cm., Hanpumep, "Molecular Cloning: A laboratory
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Manual" Sambrook et al., (1989); "Current Protocols in Molecular Biology" Volumes I-III
Ausubel, R. M, ed. (1994); Ausubel et al., "Current Protocols in Molecular Biology", John Wiley
and Sons, Baltimore, Maryland (1989); Perbal, "A Practical Guide to Molecular Cloning", John
Wiley & Sons, New York (1988); Watson et al., "Recombinant DNA", Scientific American Books,
New York; Birren et al. (eds) "Genome Analysis: A Laboratory Manual Series", Vols. 1-4, Cold
Spring Harbor Laboratory Press, New York (1998); meronuku npencrasiensl B mareHtax CIIIA
NeNe 4666828; 4683202; 4801531; 5192659 u 5272057, "Cell Biology: A Laboratory Handbook",
Volumes I-1II Cellis, J. E., ed. (1994), "Culture of Animal Cells - A Manual of Basic Technique"
by Freshney, Wiley-Liss, N. Y. (1994), Third Edition; "Current Protocols in Immunology"
Volumes I-III Coligan J. E., ed. (1994); Stites et al. (eds), "Basic and Clinical Immunology" (8th
Edition), Appleton & Lange, Norwalk, CT (1994); Mishell and Shiigi (eds), "Selected Methods in
Cellular Immunology", W. H. Freeman and Co., New York (1980); noctynHble IMMyHOAHAIH3bI
NoApOOHO ONMHUCAHBbI B MATEHTHOW M HAy4YHOH JuTeparype, cM., Hanpumep, nateHTel CIIIA NoeNe
3791932; 3839153; 3850752; 3850578, 3853987; 3867517, 3879262; 3901654; 3935074,
3984533; 3996345, 4034074; 4098876, 4879219; 5011771 u 5281521; "Oligonucleotide
Synthesis" Gait, M. J., ed. (1984); “Nucleic Acid Hybridization" Hames, B. D., and Higgins S. J,
eds. (1985); "Transcription and Translation" Hames, B. D, and Higgins S. J, eds. (1984); "Animal
Cell Culture" Freshney, R. I, ed. (1986); "Immobilized Cells and Enzymes" IRL Press, (1986);
"A Practical Guide to Molecular Cloning" Perbal, B., (1984) u "Methods in Enzymology" Vol. 1-
317, Academic Press; "PCR Protocols: A Guide To Methods And Applications", Academic Press,
San Diego, CA (1990);, Marshak et al., "Strategies for Protein Purification and Characterization -
A Laboratory Course Manual" CSHL Press (1996); Bce U3 KOTOPBIX MOJHOCTBIO BKIJIFOYEHBI
MIOCPEICTBOM CCBUIKH B HACTOSLIMI JOKYMEHT. J[pyrue oOuine CCbUIKH MPUBENEHBI IO BCEMY
HaCTOALIEMY JOKYMEHTY. CLII/ITaeTCH, qTO NPEACTABICHHDBIC B HUX MPOLUEAYPHI XOPOIIO U3BECTHDI
B HaCTOfIH_[eI\/'I O6J'IaCTI/I TEXHUKU U MPEAHA3HAYUCHDBI OJIsA y2[06CTBa yuraTteisd. Bes COACpIKalasics B

HHUX PIH(l)OpMaLII/Iﬂ BKJIFOYUCHA B HaCTOﬂH_II/Iﬁ AOKYMEHT NOCPEACTBOM CCBLIIKH.

MATEPHAJIBI U METO/IbI
Jusaitn ucnsimanun: J1ns sxcnepuMeHTa BoIOpanu 146 roqmTHHO-(QPU3CKUX MOJIOYHBIX
kopoB. Kopos ¢ 3a0oneBaHUsIMH, BBIKHIBIIIAMUA M OEPEMEHHOCTSIMU IBOMHEH B UCTOPHUU HIIH
HAXOJSALINXCSl BBIIIE IEPBOrO TpPUMECTpa OEPEeMEHHOCTH HE BKIIOYAJIH B OSKCIIEPHMEHT.
DKcrnepuMeHTaIbHasE MOJIOUHAs pepMa OCHAIeHa O0OPYIOBAaHUEM, CIIELIHANIBHO Pa3pabOTaHHBIM
Il MHOUBUIYaJbHOTO MOHHUTOPUHTA BCeX (YHKIMI JKHMBOTHOTO, MOTpeOJNeHHs KOopMa u
Pa3NIUYHBIX (PU3HOJIOrHYECKHX MapaMeTpoB. JKUBOTHBIX pa3feni Ha 7 TPy B COOTBETCTBHH C

MEPUOJOM JIAKTALMH, TAK YTO KaKaast KOpoBa Haxoaunaack Mexay S0 - 150 nusimu nakrauuu npu
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monutopunre. Kaxnas rpynna coapepxkana oT 19 no 21 kOpoB, KOTOpPBIX NOABEpPraau
MOHUTOPHHTY B TeueHue 42-49 nueit. JKuBorHbix kopmunu ad libitum crannaptHO# nuetoit ans
IOHHBIX KOpOB, coctosmend u3 30% rpyboro kopma u 70% KOHLEHTpaTa, KMBOTHBIE UMENH
cBOOOIHBIN nocTyn K Boge. KOpoB mpuydanyu K BHIIEYIOMSHYTOH AUETE B TEUCHHE 3 HEAEIb 10
Hayaja 5KCIEePUMEHTa, TaK 4TOObl OHM MPUBBIKIM K WX WHAWBUIYAJIbHOMY OTKOPMOYHOMY
MYHKTY.

Crenyromue napaMerpbl MOABEPrajd aBTOMATUYECKOMY MOHUTOPHHTY TPHU pa3a B JI€Hb
BO BpeMs dKCIiepuMeHTa: norpednenue cyxoro Bemectsa (DMI; kr), macca (kr), ynoit Monoka
(xr), comeprkaHue B MOJIOKE JIAKTO3bI, skupa U Oenka (T') ¥ KOJMYECTBO COMATUYECKUX KIIETOK C
ucnonb3oBanueM nporpammel Afimilk (Afimilk Ltd., Kibbutz Afikim, Israel). OOpa3ier Mmonoka
OTHPABJSUIA B YIIOJIHOMOYEHHYIO JlabopaTopuro kadectsa Mosoka (National Service for Udder
Health and Milk Quality, Caesarea, Israel) Tpu pasza ans kaxmodl rpynmnsl JJsi BepuduKanuu
anaimmn3za nporpammbl Afimilk. Ouenky ynmuranHoctu B Oamnax (BCS) mpoBomun oauH pa3 B
HEJIENI0 OZIUH U TOT K€ YeJIOBEK Ha MPOTSHKEHUU BCETO HKCIEPUMEHTA.

ITapametpbl 5(h(eKTHBHOCTH UCIIOIB30BAHUSI KOPMOB, OCTAaTOYHOE MOTpebiIeHne Kopma
(RFI) n xoa¢pdunment xousepcuu kopma (CR) paccuuTsiBasy B COOTBETCTBHU C (popMyIaMu
HanmonansHoro uccnenosatenbckoro coBeta (National Research Council) (2001). B nemsx
MOBBIIIEHHS] CTATUCTHYECKOH MOILIHOCTH TIO CPABHEHHUIO CO CIYYaiHOH BBIOOPKOW MPUMEHSLIH
NOAXON K BBIOOpKE 3KcTpeMaibHbIX GeHoTunoB (Li ef al., 2011). JIBeHaaaTh KOPOB C CAMBIMHU
SKCTPEMaIbHBIMU U CTaOWIbHBbIME 3HaueHusiMU RF1 BeIOMpanu u3 kaxmoi rpynmsl Ay otoopa
00pa3uoB coka pyOua, mecTb ¢ HU3KUMHU 3HAYEHHUSIMH U IIECTh ¢ BICOKUMH 3HaYeHHssMUu RFL
Kputepuii Throku nCnonp30Baics Ajisl TOATBEPKAEHUS TOro, uto 3HadeHue RFI kaxaoi kopoBbl
SIBJISUIOCH YCTOMYMBBIM Ha TPOTSKEHUH BCETO SKCIIEPUMEHTA M 3HAYUMO OTJIHYAJIOCh OT KOPOB B
rpymnmne mNpoTUBONOJOXKHON 3(dexTnBHOCTH. B menom, 78 kopoB BbiOupamu ans orOopa
o0pasuoB, u oHU npencTasisum 25% Haubonee 3¢ dekTuBHbIX 1 25% Hanbonee Hea(HEKTUBHBIX
KUBOTHBIX Bcelt koroptsl (P <0,0001; ¢urypa 8).

Céop obpaszyoes: Obpasusl pydua codupanu 3 nust moapsin. OOpasiubl OT KOPOB codupaiu
yepe3 6 4acoB IOCJIE€ KOPMIICHMs, B TE€YEHUE KOTOPBIX UM He mpemnaranu kopm, 500 mu
COAEPIKUMOTO pyOI1a COOMPAH C UCIIOIB30BAHUEM JKETYIOYHOTO 30H/1a U3 HEPIKaBEIOLIEH CTan
C BaKyyMHbIM TpoOooTOOpHHKOM mjisi pyOuoB, u cpasy ompenemsuiu pH. OOpasubr mis
skctpakuuu JIHK 1 merabonura ObICTPO 3aMOpaKHBAIIK B XKHUIKOM a30Te U XpaHuau npu -80°C
no ananmsza. OOpasns! pyorna Ay MeTaboIMYeCKUX aHaJIH30B (PUIIBTPOBAIN Yepe3 IIECTh CIOEB
CHTOBOMW TKaHU IS yIAJICHUS KPYITHBIX YaCTHUI] KOpMa, epeHocru B conepkamue CO; OyThuKkH

u npombiBasin CO» uist moanep:kanust aHad>poOHBIX yeiaoBuid. Cpasy ske mocie coopa oOpasiiel
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pybua mnonneps;kuBanu mnpu Temmeparype 39°C Bmioteh 0 1 baca [0 HCHONB30BAHUS H
oOpabarbiBasiu B JabopaTopuu, pacnoioskeHHou B 100 merpax.

Caexxue oOpa3iusl pekanuii momydanu 3 pa3a B AeHb B TeueHue 4 nuei nonpsin. O0pasisl
HEMEJIEHHO 3amopaskuBanu mpu -20°C.

In vitro ananusz nepesapumocmu: In vitro nepeBapuMOCTb BOJOKOH KJIETOUHBIX CTEHOK
pacTeHul, TPEACTABJICHHbIX HEUTpaibHO pacuierusieMoi kierdarkoil (NDF) wmmu oOmumu
noJuMepaMd KopMa (B CYXOM BEIIECTBE), OIPEAENSIM B COOTBETCTBUH C JBYXITAITHOH
texnonorueil Tilley u Terry (Tilley & Terry, 1963). Bkpariie, kKopM 151 KOPOB CYIIMJIH B TE€UEHNE
72 yacoB B BEHTWJIMPYEMOH nieun ¢ Temriepatypoii 60°C u 3aTeM u3Menbyaiu, 4To0bl OH MPOLIes
yepe3 1 mm cuto. Kopm nakyOuposanu ¢ cokom pyoOua u 6ydepom i HCKYyCCTBEHHOTO pyOLa B
3aIasiHHBIX CTEKJISTHHBIX MPOOUPKAX.

Bbydep nns uckyccTBeHHOrO pydua coctaBiisiiy, kak onucaHo panee (McDougall, 1948,
Tilley & Terry, 1963). Bkpatue, 100 ma 6ydepa A [98 r NaHCOs, 93 r NaHPO4- 12H,0, 5,7 r
KCl, 4,7 r NaCl, 1,2 r MgSO4 7H,0, noGasnenunsie k DDW no koHe4HOro oOBeMma,
cocrapysromero 1 i, noGasmsuim x 800 ma DDW. PactBop mpombiBanu crpyeit CO: s
camkenusi pH 1o 6,8-7,0. 3arem 1 mn 6ydepa B [40 r CaCla, noGasnennbsie k DDW 1o koHedHOTro
obbema, cocrasisromero 1 n], 50 ma 6ydepa C [30 r NHsHCOs, nobasnennsie k DDW no
KOHe4HOoro oObema, cocrtasysroumero 1 ] u 100 mxn Oydpepa D [10 r MnCly4H0, 1
CoCly 6H,0, 8 r FeClz-6H20, nobasnennsie Kk DDW 10 koHEYHOro o0beMa, COCTaBIIsIFoIero 1
1] nobGasnsnu u Oydep TOBOIUIN 1O KOHEUHOTO 00beMa, CocTaBsiromero 1 1, ¢ momoisio DDW.,

ITpobupku npombiBanu ctpyeit CO2 1 3aKpbIBAIN KPBIIIKOI 0OPaTHOTO KJIamaHa, KOTopast
MIO3BOJIsIIA TPOMYCKATh ra3 TOJNbKO U3 mpodupku. [Ipodupku nHKyOHpoBanu B TeueHue 24 nim 48
4 nipu 39°C U BCTPSXHUBAIH MSITh Pa3 B I€Hb C TOCIEAYIOMIEH HHKYOAUeH ¢ KHCIIBIM METICUHOM.
I[lo oxoHWaHMM 3TOH TpoOLEnyphl HENepeBapeHHbIE TBEPHAbIE BEIIECTBA  OCAKIATIN
uentpudyruposanuem npu 1000 g B rederne 10 MUH U BRICYIIMBAIHN B BEHTHJIMPYEMOH €YU TIPU
60°C B TeueHue 72 yacoB. Ocagku HMCMOJNB30BAIM JII OMPEAETICHHUS OCTATOYHOIO CYXOro
BemecTBa (DM) myTtem B3BemmBaHMA WM Uil ompeneneHust ocrarouHoro NDF, cienys
npouenype Van Soest ef al. (Van Soest ef al., 1991). Pe3ynbraTel BBIpAKalOT KaK CPEIHION0
NepeBapuMOCTb KOpMa B pyO1ie OT ABYX IMOCIEIOBATENbHBIX JHEH 0TOOpa 00pa3IoB.

In vivo nepesapumocmp: TIpou3BOJBHO B3siThie 00pa3ubl (pexanuii OOBenUHSIINA IS
Ka)x110H KopoBbl, BbIcylnnBanu npu 60°C B TeueHue 72 4 B Me4u ¢ NPUHYJUTENbHON Mojadeit
BO3/lyXa W W3MeNbyasd, 4ToObl OHM mpouutd depe3 1 mm curo. ConeprkaHue HemnepeBapeHHOH
NDF onpenensiniu B paunoHe W B oOpas3nax (ekanuii B COOTBETCTBUH C paHee OMUCAHHBIM
cnocobom (Lippke ef al, 1986) mocie mHkyOamumu ¢ COkOoM pyOma B TedeHHe 72 4HaCOB H

HCIIOJIb30BAJIM B KAYECTBE BHYTPEHHETO MapKepa IJIsl aHaJIn3a Kaxyuieics nepesapumoctu DM
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BCETO IMUIIEBAPUTEIBHOTO TpakTa. In vivo nepesapumocts DM u NDF pannoHna kaxaoit KopoBbl
PacCUYMTHIBAIIH C UCTIONB30BAHUEM €€ CPEIHETO MOTJIoeHus1 ¢ kopMoM DM u BbIxona ¢ exauid.

In vitro anaius éviderenus memana

Ob6pasubl pazdasnsmn 1:2 (o6bem./obbem.) Oydepom uckyccrBeHHOro pyodua. J{BoiiHbIe
MOBTOPHOCTH MO 5 MJI aJIMKBOT U3 KaKAOTr0O pa30aBIeHHOro o0paslia MEPEeHOCHIIH B CTEKIITHHbBIE
npoOupku ¢ HaBuH4MBaroweiics kpeimkoi (ISL, Israel Scientific Instruments Ltd., Petah-Tikva,
Israel), nogxopsuue s n3MepeHns Merana ¢ ucnojib3osanueM cucteMbl GC (HP-5890 cepus 11,
nerektop FID). O6pasusl nuakyouposanmu npu 39°C B Teuenue 24 1 ¢ 0,5 r DM kopwma, a 3aTem
a"anmusupoBanu ¢ nomoibo GC B oTHOImEHNH BeigeneHust MmeraHa. O0pasmsl o 0,5 mi rasa us
pabouero npoctpaHcTBa npodupku Beoamau B 182,88 cm x 0,3175 cM x 2,1 cM 3aNOJHEHHYIO
KoNoHKY S5A Supelco analytical ¢ monekynsapasiM cutom 45/60 (Sigma-Aldrich) ¢ renmem B
KAa4eCTBE Tra3a-HOCUTENs, CKOPOCTb IIOTOKAa KOTOpPOro ycraHaBnuBanu Ha 10 mi/mMuH, u
TemMrieparypa repmocrara cocrasisuia 200°C. TemnepaTypa TepMocTara oCcTaBajiach HEM3MEHHOU
B T€UEHHUE BCEr0 BPEMEHU aHaJN3a, COCTaBisAomero 5 MuH. CTaHAapTHYIO KPUBYIO MOJIYYAJIH C
HCTIOJIb30BaHUEM YHUCTOTrO ra3a METaHa.

ITponykuuo MeTaHa KOJMYECTBEHHO onpenessuiu st 36 oOpa3noB Mukpobroma pyoia
JKMBOTHBIX € HamOoyee SKCTpeMajbHbIM (PEHOTHUIIOM TIpymn ompeneneHus 3PpQPeKTHBHOCTH
ucnosb3oBaHusi KOpMoB (18 sd¢exTuBHbIX U 18 Hed(h(HEeKTUBHBIX), ¢ IBYMs OMOJOTHUECKUMU
MIOBTOPAMH ISl K&XKIOTO YKUBOTHOTO.

Hoenmuduxkauyus u Konuuecmeennoe onpeoeiieHue Memadoiumos coxka pyouya:
3amoposkeHHbIe 00pa3Lbl coka pydua orrausaiu npu 25°C u uenrpudyruposanu npu 10000 g B
teuenue 15 mun. CynepHaraHT ¢uiasTpoBanmu yepe3 crepwibHbii 0,45 MM ¢unstp (EMD
Millipore). O06pa3ipl coka pyOla XpaHWUIH Ha JIbAY B TE€YEHHE SKCTPAKIIUM METabOJHUTOB B
KOHBelepe uaeHTUUKAIH MeTaboJIMTOB U UX KojmyecTBeHHoro onpenenenus B GC-MS u GC
111 MUHUMH3ALUH pa3pyIueHusi MeTaboJIuTOB.

Obpasubl pybna anHagusupoBaiu ¢ nomombid GC-MS B OTHOIIEHHWH TMOJSIPHBIX
metaboautoB 1 ¢ nomoinbio GC ¢ nerexktopom FID B otHomennu SCFA. TIpotokoun skcTpakium
u nepuBaruzanuu s anannsa GC-MS apantupoBanu u3 paHee onmucaHHOro crocoda (Saleem ef
al., 2013). JlepuBaTH3MPOBAHHBIC YKCTPAKTHI AHAIM3UPOBAIH C UCIOIb30BAHUEM CHCTEMBI JJIS
razosoii xpomarorpadun Agilent S5975C GC u cucrems! aist macc-cniekrpomerpun Agilent 7890A
MS, paboTaromux B pexkMMe HOHH3AIUH 3J1eKTPOHHBIM yapoM (EI). AnuksoTs! (1 MKIT) BBOOHIN
(6e3 paznenenus) B 30 M x 0,25 mm x 0,25 mxm konorky HP-SMS Ultra Inert column (Agilent
Technologies) ¢ ra30M-HOCHUTENEM I'elINEM C YCTAHOBJIEHHOHN CKOPOCTBIO TIOTOKA, COCTABIISIOLIEH
1 mu/MHH, W HadanbHOH TeMmmepaTypoll TepMocrata, cocraBisiomeli 70°C. Temmepartypy

TepMOCTATa NOAAECPKUBAJIN TOCTOSTHHON NPU HAYAJIBHOM TEMIIEpPAaType B TEUEHHE 2 MUH, a 3aTeEM
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yBeJM4YUBaIn co cKopocThio 10°C/MHH 10 KOHEYHOH Temmeparypsl, cocrasisiomeii 310°C u
KOHEYHOE BpeMs aHaim3a cOCTaBisuio 45 muH. OOpasipl aHATM3MPOBAIM C HCIOIb30BAHUEM
MOJTHOTO CKaHWUpOBaHWs B nuama3zoHe macc 50-500 m/z (1,7 ckaHUpPOBaHUI/C) C 3aIePKKOM
OoOHapy»KeHHsl, CoCTaBIsFoIIeH 4 MUH. IHIEKCHI yep )KUBaHUS PACCUUTHIBAIH C UCTIOJIb30BAHNEM
cranpapTHoro pactBopa cmecu C8-C20-amkanoB (Sigma-Aldrich) B kauectBe BHemHero
cranpapta. KonndecTBeHHOE ompeneneHne W WACHTUPHUKALHMIO TPUMETHIICHINIMPOBAHHBIX
MeTabOJINTOB MPOBOAWIN C HCIIONb30BaHueM Oa3bl aHHBIX NIST u craHngapToB kBanmupukaumn
B2XX.

Hns  unentudukaumm u  KonmudectBeHHoro —ompeneneHuss SCFA 400wk
oTGUIBTPOBAHHOTO coKa pyoua cmemmBainy ¢ 100 mxia 25% pactBopa MeradpochopHONH KUCTOTHI
(Macc./o0beM. B OMIUCTIIUIMPOBAHHON BOZIE) M NIEPEMELINBAIIN BUXPEBBIM CIIOCOOOM B TEUEHUE
1 mun. OOpasuel unkyouposanu npu 4°C B teuenne 30 MUH M mocjie LIEHTPUPYTHPOBATIH B
teueHne 15 muH npu 10600 g. CynmepHaTaHT NOEKAaHTUPOBAJIM B HOBbIE NPOOUpPKH, 3aTeM
nobasmsmn 250 mxn merui-tper-Oyruinosoro s¢upa (MTBE) (Sigma-Aldrich) u npobupku
HepeMeIInBaIi BUXPEBbIM crocoOoM B TeueHue 30 c¢. Jpyroi mukia neHTpudyrupoBaHUsS
nposomwin B Tedenne | muH npu 10600 g. Bepxniowo ¢asy, conepxamyro MTBE + SCFA,
aHamu3upoBanu ¢ ucrnonb3oBanueM cuctembl GC Agilent 7890B ¢ nerekropom FID. Temnepatypa
Ha BXoze u nerektope cocrasisuia 250°C u 300°C, cooTBeTCTBEHHO. AJMKBOTHI (1 MKJT) BBOAMIIH
C OTHOLIEHUEM JIeJICHUs TOTOKA, COCTaBsttouM 1:25, B konoHky 30 M x 0,32 mm x 0,25 MM ZB-
FFAP (ZEBRON) ¢ ra3oM-HOCHTEJIEM IeJIueM, CKOPOCThb MOTOKA KOTOPOTO YCTAHABIMBAIH TIPU
2,4 Mu/MHMH, U HadaJbHOH Temrmepatypoil Tepmocrara, cocrasisiomedi 100°C. Temneparypy
TEPMOCTATA MONJAEPKUBAIIN IIOCTOSIHHOHN MPH HAYaJIbHOH TeMIepaType B TCUSHHE S5 MUH, a 3aTeM
NOBBIIIAA CO CKOPOCTBhIO, cocraBisiromerd  10°C/MuH, 10O KOHEYHOW TeMIepaTypsbl,
cocrapsironieit 125°C, u KoHEUHOE BpeMsi aHaIN3a COCTaBysuIo 12,5 MUH.

KonnuectBeHHOE ompeneneHHe ©  HACHTH(GHUKAIMIO MeTa0OJUTOB MPOBOIWIA C
UCIIOJIb30BAaHUEM CTaHAapToB kBaiudukaumu mis BOXKX. Bce mMerabomuTsl HOPMHPOBAIH K
COIep KaHUIO OPTraHUYECKOTO BEIIECTBA B COKE pyOLa, M3 KOTOPOro UX SKcTparnposaiu. O0pasubl
pybOua ¢puasTpoBau uepe3 crepuiibHblii 0,45 MkM MeMOpaHHbIid GuibTp Supor Membrane (PALL
Life Sciences). ConepskaHue OpraHHYeCKOro BellecTBa B oOpa3lax pyOla aHaJTu3upOBAIU C
NIOMOIIBI0 aHAJIM3aTopa o0Iero coxepkanusi opranudeckoro yriepopa (TOC) B mpomykrax
cropanust Formacs (Skalar, De Breda, Netherlands).

Ixempaxyun murpoduonozuueckoii /[HK: Mukpobuonornueckyro (pakumo pydia
pazgensiiu cornmacHo Stevenson u Weimer (Stevenson & Weimer, 2007), ¢ He3HaYUTEIbHBIMU

MOI[I/I(I)I/IKaLII/IﬂMI/I B COOTBETCTBUHU C HOTpe6HOCT$[MI/I 9THUX SKCIICPUMECHTOB, KaK OITUCAHO B Jami
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et al. (Jami ef al., 2013). Dxcrpakunro JAHK npoBommnm, kak onmcaHo Stevenson m Weimer
(Stevenson & Weimer, 2007).

Cekeenuposanue /[HK memooom Opobosuxa u ananu3: buOImoTekn MeTareHOMHBIX
JHK xoHCTpyHpoBasiv ¢ MOMOIIBI0 Habopa aiist moydeHus: oopasnos TruSeq DNA Sample Prep
kit (Illumina). bubnuorexkn oOBEAMHSAIN U CEKBEHUPOBAIM IO JBYM IOJIocaM B TedeHue 151
mmKita ¢ kaxnporo konua Ha HiSeq2500 (Illumina) u obpaGarsBanu ¢ momompeto Casava 1.8.2
(Ilumina). B cpennem muis kaxaoro oopasua nonydanu 35581041 + 6899269 napHbIX MpOYTEHUI
U B o01mel cinoskHocTH nony4rtu 2775321186 mapHsix npoureHuii. 18,6% npouTeHuii He MPOLILIH
bunpTpanuio u ynaneHue apredaktoB ¢ ucnoiab3oBaHueM konseiiepa MOCAT (Kultima ef al.,
2012).

Jnis monydenust Oojiee TOJHOTO METareHoma co3Jalid OObEeOUHEHHYH0 COOpPKY BCeX
JaHHBIX OT 78 KOPOB. ITO KOMIEHCUPOBAJIO OOJiee HU3KYIO IMIyOUHY CEKBEHHPOBAHUS KaXKIOTO
OTHENBbHOrO o0pasua M OOy CHCTEMAaTHYECKYK) IOrPELIHOCTb, BBI3BAHHYIO COOPKOH
oTAeNbHBIX 00pa3uoB. [IpouTeHus oT Bcex 00pa3ioB OObEAUHSIN  COOMPAITH B OTMH METareHOM,
¢ ucnonszoBanneM CLC Bio, makera CLC Assembly Cell Bepcun 3.2.2 ¢ K-mer = 21 u
napaMeTpaMu Mo ymonauanuto;, noiayuuiu 16784830 xonturos. Kousetiep QC nepernukauuu u
CKPUHUHT B OTHOLIEHUM NPOUTeHUH Bos 1aurus npoBOAWIN C UCIIONb30BaHUEM KoHBelepa MG-
RAST. Hukakux u30bITO4HOCTEH He Obuio oOHapyskeHo, U 0,43% KOHTUrOB OTOPOCHIIU MOCIE
yoaneHuss npumeceit Bos faurus. ®UIOreHETHYECKOe TMPOUCXOKIACHUE KaXIOro KOHTHUTA
cHaOxanu anHoTaumei 0a3bl nanHbXx RefSeq (Pruitt e al., 2007) (E < 10-5) ¢ ucnonp3oBanuem
koHBeiiepa MG-RAST (Meyer et al., 2008).

Pacnio3HaBaHue reHOB MPOBOAMIIN HA KOHTHUTAX ¢ ucnojb3oBanueM FragGeneScan (Rho ef
al., 2010); Bcero unentudunmponanu 21531511 renos. IIpourenus kaxxaoro odpasia Habupau
no BceM reram ¢ wucrnosb3oBanueM BWA (Li & Durbin, 2009) ¢ 98% HIEHTHYHOCTBIO H
napamMeTpaMH Mo YMOJTYAHHIO, TIOPOT OJHOTO MPOYTEHUs ISl UACHTU(UKALIMHI TeHa BbIOUpPAIIH
IUI BKJIFOYEHHs B aHAIM3 PeOKuXx reHoB. B cpemHem 52,4% mpoureHuil w3 kaxnaoro oOpasua
COTIOCTABJISLITH C MOJTyY€HHBIMH TeHaMU 03 pa3iunduii Mexkay rpynnamu 3¢ ekTuBHOCTH ((purypa
9). B xaxnmom obpasue wuneHtTHduuupoBanu B cpeaHeM 4079212 reHOB, OTHOCHUTENbHYIO
YHCJICHHOCTh ONPEACNIEHHOTO TEHAa pPAaCCUYMTHIBAIM 1O YHCIY MPOYTeHHH, HaOpaHHBIX
OJTHO3HAYHO, HOPMAJIM30BAHHBIX MO JUTMHE F'eHa U OOIIIMM MPOYTEHUSM, TIOJYUYEHHBIM U3 00pasna.
Uucino oOHapyKEHHBIX T€HOB HE 3aBUCEJIO OT YHCJIa COMOCTABICHHBIX pouTeHni (purypa 10).

CexBenupoBanue u anaaus 16S plHK

Obnacte 16S V3  ammuudunupoBanu ¢ HUCHONb30BaHWEM mpaiimepoB 357F
CCTACGGGAGGCAGCAG (SEQ ID NO: 20) u 926R CCGTCAATTCMTTTRAGT (SEQ ID

NO: 21) (Peterson et al., 2009). bubnarorexkn 00beTUHSIIN U CEKBEHHPOBAIHM Ha OJTHOW MPOTOYHOU
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kroBere MiSeq (Illumina) B Teuenne 251 nmkia ¢ KaKA0ro KOHLA (PparMeHTOB U aHAJIM3HPOBAIIH
¢ nomomero Casava 1.8. Beero 49760478 crapeHHbIX NMPOYTEHUH MOJYYUIIN B TE€UEHUE BCEX 3
nHel otbopa 00pa3Los, ¢ cpeaHeM mo 212652 npouteHnii Ha 0Opasen B IEHb.

KoHTponb kadecTBa JaHHBIX U aHAJIN3bI IPOBOMIIN C UCTIOJIb30BaHuEM kKoHBelepa QIIME
Bepcun 1.7.0 (Caporaso et al., 2010). Bunbel ycranaBmuBanmu npu 97% HAEHTHYHOCTH C
ucnionb3oBanneM UCLUST (Edgar, 2010). OtHeceHue BHIa K OIPEAENIEHHOMY TaKCOHY
nposoamiu ¢ ucnojib3osanueM BLAST no cripaBounoit 6a3e nannsix 16S pPHK RDP (Bepcus
10) (Cole et al., 2003). Bce 00BbEKTHI-ONMHOUKN U CIy4aiiHble TIOBTOPEHMS YAAJSIM U3 HaOopa
JaHHBIX, YTO AaBajo B pe3dyabTare 81000 BumoB co cpennuM 3HaueHueM 5039 Ha oOpasen. Buabl
CTPYNIHMPOBAIN HA PA3JIUYHBIX TAKCOHOMUYECKHX YPOBHSX JUIA IOJYYEHHs] OTHOCHTEIBHOM
YHICJIEHHOCTH TaAKCOHOB ISl KAXIOro (pusoreneTnyeckoro yposss (purypa 11).

Ananus éuopasnoobpasun: Paznoobpasue B npenenax odpasua (anbdha) paCCUUTHIBAIH C
UCTIoNb30BaHNeM uHpaekca IlleHHOHa M JOMUHHMPOBAHME OIPENENAIN COrjacHo | — HHIeKC
Cumnicona (Harper, 1999). Hunexkcel mnpoduneir reHoB 16S pPHK paccuntsBamun ¢
UCTONIb30BaHHeM OyTcrpennuHra ¢ 9999 nmoTopHOCTsMU. HachIlIEeHHOCTh T€HOB M TaKCOHOB
NPEACTABJIsUIN B BUJE IPOCTOrO MOJCUETa FeHOB U TAKCOHOB.

Hoenmuurayus ouppepenyuanvnoix 6udos u zenos: CTaTUCTHYECKYIO 3HAYMMOCTD
pa3iuuuii B OTHOIIEHHM OTHOCHUTEIBHON YHCIEHHOCTH BHMJOB M TI€HOB MEXAY TIpynnamu
5(p(EKTUBHOCTH aHAIM3UPOBAIUA C TIOMOLIBK) KPUTEPHsl CYMMbl paHrOB YHIJIKOKCOHA,
00BEeNMHEHHOTO ¢ moaxonoM OyTcrpemnmnuHra, 3auMmcrBoBaHHoro u3 Le Chatelier ef al. (Le
Chatelier et al., 2013): 70% Bceli 0TOOpaHHOI KOrOpTHI CiIy4aiiHbIM 00pa3om BbiOupanu 30 pas,
u 3HayeHune onpenemn npu P < 0,05 ¢ 6yrcrpenom = 0,8 B Ka4eCTBE MOPOTOBOrO 3HAYCHUSI.
Jrotr npouecc nosropsuin ¢ emie 30 urepanusiMu Ha 48 KOpOBaX C CaMbIM 3KCTPEMaJIbHBIM
¢denorunom (24 >¢ppexruBnbie u 24 HeapdexTrrHbIe). B enom, 18 3HAUMMO pa3nMYHBIX BHIOB
u 34166 3HaYMMO pa3IMYHBIX TeHOB, OOmMMX i BceX O0 WCHIBITAHUHN, IOMOJHHUTEIBHO
npoananuzupoBau (P <0,05). [IpoBoauau KOPPENSLHUIO BUIOB U T'€HOB, KOTOPbIE SIBJISUIUCH
3HAYUMO paznuuHbiMH, ¢ napamerpoM RFI ¢ wucnomp3oBanuem koppensiiuun Crnupmera.
QOYHKIMOHAIBHYIO aHHOTALMIO 3HAUUMbIX [€HOB OCYIIECTBJUIM ¢ ucronb3oBanueM BLASTP c
E < 10° no 6asam nanueix KEGG PATHWAY, MODULE, BRITE, GENES u ORTHOLOGY
(2014, 46% annoraumun) (Kanehisa ef al., 2011). Otu rens! Taxxe noaseprain BLAST mo 0aze
nanHbix NR (Pruitt ef al, 2007), u ux (UIOTEHETHUYECKYI0 AHHOTALMIO OIPENeNsn B
cOOTBeTCTBUH ¢ MyumuM pesynbratoM (BLASTP ¢ £ < 10°; 89% annoTauun).

Cmamucmuueckue Kpumepuu U  OUEHKA  YPOGHA  JIOIHCHONONLONCUMEDHBIX
pesyabmamos: Kpurepun Trroku, t-xputepuii CTbroAeHTa U KpPUTEpUH CyMMbI PaHIOB

VYunkokcoHna NpoOBOAUIIN B 3aBUCUMOCTU OT HOPMAJIbHOCTU PACIPEACTICHUA BXOAHBIX NAHHBIX.

10

15

20

25

30

35



51

Bce kpurepum KOpPpPEKTHPOBAIM C YYETOM YPOBHS JIOXKHOTIOJOXKUTENBHBIX PE3YJIbTATOB C
UCTIONIb30BaHNEM crioco0a, onrcanHoro Benjamini ef al. (Benjamini & Hochberg, 1995), ecnu ve
yKa3aHO HWHOE. B mepecTaHoBOYHOM t-KpUTEPHH 3HAYMMOCTh PA3HULBI MEXAY CPEOHUMHU
BBIBO/IUJIM ITyTE€M BBITIOJTHEHHS t-KPUTEPUS MEXKAY ABYMsI TPYIIIAMU U CPABHEHUS TIOJTYYEHHOM t-
CTATUCTHUKH C t-CTATUCTUKOM, MOJYUCHHOMN U3 9999 nepecTaHOBOK CIy4alHbIX paACIPEaEIECHH MO
rpynnam (aByxcropoHHuil kpurepuii, £ <0,05) (Davis, 1986). [{nsa KoppeKuUH TUMOTE3BI IS
MHOTOMEPHBIX aHHBIX pacnpeneneHune P-3HaueHui t-KpuTepusi CPaBHUBAIN C paclpeeieHueM
CaMbIX HU3KUX P-3Ha4€HUN, TONYIeHHBIM U3 9999 nepecTaHOBOK CIy4alHbIX paclpenesieHui o
rpyrmmnam B coorBerctBum ¢ Westfall m Young (Westfall & Young, 1993). Oty mpouenypy
BBIMOJIHSUIA ¢ UCTOJp30BaHueM makera R bioconductor package multtest (K. S. Pollard ef al.,
2005), pynxiun mt.max 1, ”HAUBUAYAIBHO JJIs1 KAXKIOTO METAOOINYECKOT0 aHAIN3a WITH aHAJTN3a
Ha aKTUBHOCTb, @ MMEHHO aHanu3a noaumepos, SCFA, meraHa u Bcex APYrHMX H3MEPEHHBIX
merabonutoB. CXOACTBO OUCIEPCUIl MCCIEAOBAIN TaM, IZie 3TO TpeOyeTcs CTaTHCTHYECKHM
KpPUTEPHEM.

Ilpoznosuposanue paziuunsix usuonozudeckux napamempos: BpiOOp NPH3HAKOB
BUJIOB MUKPOOPTaHM3MOB M T'€HOB INPOBOAMIIM IyT€M BbIOOpA BHUIOB MJIHM TI'€HOB, KOTOpBIE
SBJSUTICH 3HAYMMO PA3JIMYHBIMU IO CBOEMY HPUCYTCTBUIO/OTCYTCTBHUIO C HCIIOJIb30BAHHUEM
TouHOro Kpurepus ®umepa. Bunbl u reHbl COPTUPOBAIM OTAENBHO B COOTBETCTBUM € UX P-
3HAYEHUSIMU B MOPSIKE BO3PACTaHUS U rpynmnupoBaiu B Ounbl u3 100 npusHako. Kaxabrit Oun
UCTIONIb30BAIM B KAUeCTBE MPOTHOCTHUYECKUX TMPU3HAKOB (eHoTHna 3PQPEeKTUBHOCTH
UCTIONB30BaHUsT KOPMOB ¢ ucnojibzoBanuem ajaroputma KNN (Aha, 1997) ¢ k = 3. Cpenntoro
TOYHOCTb NPOTHO3MPOBAHUS PACCUUTHIBAIM C MCIOJIB30BAHUEM IepeKkpecTHON nposepku 1000
uTepanui s Kakaoro OuHa, B KoTopoM 70% 00pa3ioB UCTIONB30BAIH B KAYE€CTBE OOYHAIOLIETo
HaOopa, a ocranbHble 30% UCMONB30BAIM B KA4eCTBE HMCCIENyeMOro Habopa It M3MEpeHUs
TOYHOCTH MPOTHO3UPOBaHus. M3meneHnue paszmepa Ouna (OuHbI pa3MepoM B 1uamna3one ot 50 1o
1000 ¢yHkimii Ha OWH) HE MOBIMSJIO HA TOYHOCTH MPOTHO3UpPOBaHHs. UTOOBI MpPOBEPUTH
3HAYUMOCTh TOYHOCTH KJIaCCHM()HMKAIMK, HMCIIOJNB30BAIM TEXHUKY NepecTaHoBok. [Ipouenypy
kinaccupukamun  noBTopsii 100 pas, KakAbli pa3 mocie CIOy4YailHOH TMepeTacoBKH
(mepecTaHOBKHM) METOK 00pa3LoB. 3aTeM P-3HaueHue M KaKIOW TOYHOCTH KjlacCU(UKAIMH
NOJTY9aJIi 1O MPOLIEHTHOMY OTHOILIEHHIO MEPECTAHOBOK, B KOTOPBIX JOCTUTHYTAs! TOYHOCTD ObLTa
Oonble, YeM TOYHOCTb KJACCU(UKALMH, AOCTHTHYTash C HCXONHBIMH, HE TOABEPIHYTHIMH
NePECTAHOBKE JaHHBIMU. Ty k€ CaMy0 METOIUKY NMPOTHO3UPOBAHMS, ONPENEICHHE TOUHOCTH U
P-3HadueHus] TPUMEHSIM K HECKOJNbKUM JApYruM Metabomumueckum mnapamerpam: CR, ynoii

MOIJIOKA, SHEPTrEeTUICCKAasaA HEHHOCTDb MOJIOKA, COACPKAHUEC JIAKTO3bl MOJIOKA, JKHUPa MOJIOKA, Oeska
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modoka, BCS, pH u DMI. [{ns1 kakqoro nporHOCTHYECKOro TeCTa METabOINYEeCKOro mapamerpa
KOPOB pa3fesuii Ha ABE IPYIIIbI [0 CPETHEMY 3HAUEHHUIO (PU3HOJIOrHYECKOTO TapameTpa.

Hns  xaxgoro  (QU3HONOTMYECKOro HWHIAEKCAa TMMOJydanud TIpaduku  3aBHCHMOCTH
YyBCTBUTEIBHOCTH OT YaCTOTBI JIOKHOMOJMOXKUTENbHBIX 3akmoueHnii (ROC) u um3mepeHus
wiomanu mox kpusoi (AUC) monydanu Ha oCHOBaHHH cpenHero 3HadeHust 1000 wreparmii
nepekpecTHol nposepku ¢ nomoupio KNN. AHann3 mpoBogwin ¢ MOMOIIBIO Kiacca Metrics,
KOTOPBIH sABJIsieTCs 4acThio TuaTdgopmsl MammrHHOro 00yueHust SKLEARN python.

Habop ¢ muxpobuonozuueckue zenomvt u memabdoiuueckue nymu: IlpoBomunn
NMOABBIOOPKY MPOYTEHUH OT Kaknoro obpasna B COOTBETCTBUU C OOPa3LOM C HAUMEHBIINM
gyuciaoM npouteHud  (21000000). Ilpourenuss u3 kaxnoro oOpasla BBIPAaBHUBAIU C
ucronb3oBanneM mnporpammbl BWA ¢ HaOopom naHHBIX 59 T€HOMOB MHUKPOOPTaHU3MOB,
3arpy>xeHHbIX 13 NCBI ¢ ncnons3oBannem BWA ¢ 98% uneHTUYHOCTBIO U MapaMeTpamu IO
ymonmdanuio. Ilpoutenuss Takke Habupanu B MeTaOOJMYECKHe MyTH 3HAYUMO Pa3JIMYHBIX
merabonutos (P <0,05) ¢ ucnonb3oBaHueM TOro ke crocoba. basa naHHBIX aBTOPOB HACTOSIIETO
n300peTeHust cocTosa U3 Bcex Bo3MOXHbIX (epmenToB KEGG nust kaxaoro metabonndeckoro
nytu. Homepa cornacuo EC, ncrnonb3yemsle st KaXkaoro MetaboJIMYecKoro MmyTH, ONHCAHbI B

tabnune 1 B HACTOSIIEM TOKYMEHTE HUXKE.

Taoauya 1

Auerar byrupar | Ilponuonar | Banepar | Usosanepar | Jlakrar Meran
2838 2727 13.8.7 1.2.1.19 1.1.1.26 1.1.1.27 1.12.98.1
2838 2831 1213 1.2.1.24 1.1.1.28 1.12.982
4.1.1.41 12.1.5 1213 1.13.124 1.2.99.5

4.2.1.54 1.2.1.47 1214 1212 1.5.1

5.4.99.2 1231 12.1.5 3126 1.5.98.1
51.99.1 1218 1.2.1.77 42.1.130 1.5982

2838 12.18 1.8.98.1
3.1.1.1 1.2.75 2.1.1.86

3.1.1.22 3.1.18 284.1
3.1.1.8 3.1.2.20 23.1.101
3555 3.5.427

3557
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CyuiecTBoBaHM€e aKPHJIATHOTO MYTH MPOAYKLIUS MPOMHOHAT B F€HOMAX HCCIIEIOBAHHBIX
YTUJIM3AaTOPOB JakTaTta Selenomonas ruminantium n Anaerovibrio lipolyticus nomnonHUTENHEHO
uccnenosany, noasepras ux BLAST no Bcem BosmoxkabM pepmentam KEGG, npunapiexamnmm
k akpuiatHomy nyta (EC 1.3.8.7, 2.8.3.1 1 4.2.1.54) ¢ ucrnonp3oBaHNEM OPOrOBOTO 3HAUEHUS

oonee 70% unentuanocty, 70% AIMHBI BRIpaBHUBAHUS UcclienyeMoro reHa u E < 107,

PE3YJbTATbBI

Ilocmpoenue cnpagounozo Habopa OGHHBIX MemazeHoMa pyoya

UroObl ompenenuTh, CyIIECTBYIOT JM IPH3HAKH MUKPOOHMOMA, aCCOLMHUPOBAHHBIE C
SHepreTudeckoil  >(PQPeKTUBHOCTBIO  KOPOBBI, CHauana onpeaemsuii  3p(EeKTUBHOCTD
UCTIONIb30BaHUsT KOPMOB 146 rommtHHO-Qpu3ckux kopoB. Kakmoe >KMBOTHOE NOABEpraiu
ABTOMATUYECKOMY MOHMTOPUHIY B OTHOIIEHUH HECKOJBKHUX INapaMeTpPOB, UCIOJIb3yEMBbIX IS
pacyera 5(dekTMBHOCTH HCMONB30BaHUS KOPMOB (C ucmojb3oBanueM mnoxaxoma RFI). Jlns
HaJbHEHINNX aHAJIM30B BBIOMPATHM BEPXHHME W HIDKHUE 25% JKUBOTHBIX, KOTOPBIE MPOSBIISIN
HKCTpeMasibHble 3HaueHHs >(PPEKTHUBHOCTH HCIOJIB30BAHUSA KOPMOB, B oOmiel cioxHocTH 78
KHUBOTHBIX - 40 3¢ dexTrBHbIX U 38 HeappexTHBHBIX (Purypa 8). Obpasus! merarenomHbIx JTHK
MHKpPOOMOMOB pyOlLia 3THUX >KUBOTHBIX IOJBEPrajiu CeKkBeHHpoBaHHIO TeHOB 16S pPHK wu
CEeKBEHHPOBAHUIO BCEr0 IreHOMa MeTOnOM npoOoBuKa. Bce MeTareHOMHbIE MPOUYTEHHs BCEX
00pa3LoB 00OBENUHSIIA U COOMPAITH, a CIIPOrHO3UPOBAHHBIE T€HBI CITYKHJTH CIIPABOYHBIM HAOOPOM
naHHbix (Matepuanbl u  Meronbl). MerareHoM comepkan  96,72%  OakTepuabHBIX
nocnenosaTenbHocTel, 1,73% apxeiitHpix nocnenosatenbHocTel U 1,34% 3ykapuoTHHYECKUX
NOCJIEIOBATENIbHOCTEH, aHAJOTMYHO TOMY, YTO OBUIO OINMHCAHO paHee il MEeTareHOMOB
mukpoduoma pybua (Brulc ef al., 2009). Hu ogna u3 3yKapuOTHYECKHX MTOCJIEIOBATEIbHOCTEH He
NoKasajia 3HAaUUMOCTH B aHAJIN3AX.

Ilpuznaku MuKpobuomMa omiudaMCcas U MOZYHL CHPOZHO3UpOSams henomun
Ippexmusnocmu ucnob306aHUA KOPMOG

CpaBHeHHE HACBILIEHHOCTH MHUKpPOOMOMa y BCEX JKMBOTHBIX BBIIBIJIO 3HAYMMO Oosee
HHU3KYI0 HACBIIEHHOCTh B MHKpOOHMOMaxX 3P QEeKTHBHBIX KOPOB KaK B OTHOLIEHHH BHIOB (P =
0,0049), tak u comepkanusi reHoB (P = 0,0023; ¢uryper 1A-B). Paznuuust B HaCBIEHHOCTH
TAaKCOHOB SIBJISUTMCh OYEBUIHBIMHU BIUIOTH 1O ypoBHs Tuma (purypa 1C), 4TO DOMONHUTETHHO
MOAYEPKUBAJIO HHTEHCUBHOCTD 3TOTO siBJieHUs. COCTaB TAKCOHOB M COZIEPKAHHME T€HOB Oy alIH
U3 JIBYX Pa3IMYHBIX MPOLEAYP CEKBEHHPOBAHUS M aHAIN3a, U MMOSTOMY COTJIACHE MEXIY 3TUMHU
pe3yJibTaTaMH TMOMYEPKHUBAET HANEKHOCTh HaOMroneHus. Pa3nmuuns B HACHIEHHOCTH TaKKe

COMPOBOXKAAIUCH 3HAYUMO 0oJiee HU3KUM pa3Hoo6pa31/1eM u 00oJiee BBICOKUM AOMUHHUPOBAHUEM B
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MHUKpoOnoMax 3 QEeKTHBHBIX >KUBOTHBIX Ha ypoBHE BUAOB U reHoB (P <0,01 m P <0,05,

COOTBETCTBEHHO, KaK JUJIsl PA3HOOOpa3wsl, Tak U AJist AoMuHHpoBaHus; purypst 1D u 1G u Tabnuua

2).

Tabauna 2
HesddexTuabie O dexTuBHbIE HHnekc pasHooOpaszust
6,092 + 0,03 5,87+ 0,05 Buns! anbga-
paszHooOpazms ™ *
14,53 £ 0,028 14,32 +£ 0,06 I'enb! anbda-
pasHooOpazms™*
0,0079 £+ 0,0003 0,01 £0,001 Bunbl nomuHIpOBaHUS *
0,86x10721 +6,15%x102 1,14x1021 £ 972103 I'enp! JOMUHUpPOBaHUSA ™

OTH paznuuus SBISUTMCH OYEBUAHBIMU 1O YpOBHs cemelictBa (¢purypa 12A-B). Otu
pasnuuust B MUKpoOroMax 3(pQeKkTuBHBIX 1 Hed(PPEKTHBHBIX KOPOB MOPOKAAIH BOIIPOC O TOM,
MOKHO JIM HCIIOJIb30BaTh MPU3HAKH MHUKPOOHMOMA B KayeCTBE MapKepOB ISl XapaKTEPUCTHKU
3¢} EKTUBHOCTH HCIIOIB30BAHHS KOPMOB.

BcnencrtBue 3TOro cocTaB BHIAOB M I'€HOB MHUKPOOMOMOB pyOLa HCIONB30BAJIH IS
YCIIEITHOTO MIPOTrHO3UPOBaHMs (PeHOTUNOB 3(h(EKTHBHOCTH UCTIONB30BAHUS KOPMOB )KHBOTHBIX C
TOYHOCTBIO BILIOTH 10 91% ¢ ucnonb3oBanueM ajropurma k-ommkaiimmx coceneit (KNN) (Aha,
1997). Jlns mpouecca BbIOOpa MPH3HAKOB HCMOJB30BAIM TOYHBIM Kputepuii ®ummepa mis
U3MEPEHUs] Pa3IMYMi B MPUCYTCTBUH/OTCYTCTBHH MEXKAY MHUKpPOOHOMamMH 3(PQPEKTUBHBIX H
Hed(D(PEKTUBHBIX JKUBOTHBIX. BUABI U T€HBbI PAaHXUPOBAIH OTAEIBHO B COOTBETCTBUU C HX F-
3HAYEHUSIMU B TIOPSAKE BO3pPACTaHUS W pasznessii Ha OuHbl mo 100 mpu3HAKOB, KOTOpHIE
UCTIOJIb30BAJIH [Tl MPOTHO3UPOBaHUsl. Kaskaplii OMH HCIIBITHIBAJIM B OTHOLIEHUHU €0 CIIOCOOHOCTH
NPOTHO3MPOBATh BBICOKYIO WM HHM3KYK 3()()EeKTHBHOCTH HCIONB30BaHHS KOPMOB. CpemHIor
TOYHOCTh TPOTHO3MPOBAHUSI PACCUUTHIBAIN C HMCIIOJIb30BAHHEM IEPEKPECTHON MPOBEPKU MJIS
kaxgoro 6muaa (1000 urepauuii). TOYHOCTH MPOrHO3UPOBAHKS MEPBOrO OMHA BUAA COCTABIISLIA
80%, B TO BpeMsi Kak TepBblii OMH rena noctur To4HOCTH 91% (durypa 2A-B). TouHocTh
NPOTHO3MPOBAHUS BUIA CHIKANACh 10 50% (TOYHOCTD CIy4alHOM AOTAKH) IOCIIE MATOro OMHA,
TOTAa KaK CHIDKEHHE TOYHOCTH MPOTHO3MPOBAHUS AJISI TEHOB COIMPOBOXKAAIOCH ropasno Oonee
YMEPEHHBIM HAKJIOHOM, IPU 3TOM MEPBbIE YEThIPE MPOTHOCTHYECKUX OMHA XapaKTEePHU30BAJIHCH
Beiie 90% TOYHOCTH C OYEHb 3HAYUTENbHBIMH F-3HaYEHWSMH. JTH PA3JIU4HUs B HAKJIOHE
TOYHOCTH TPOTHO3UPOBAHHUsSI MOTYT ObITh OOYCIOBJIEHBI TeM (DaKTOM, HYTO KaKABIH BHI
NpeACTaBysieT cOOON OUH I€HOM, COAEPIKAIIMHA TBHICSYH T'€HOB, MO3TOMY OOJiee CTPEMUTEIBHO

CHUKACTCA IO CPABHCHUIO C 6I/IHaMI/I, COCTOAIIUMMHU U3 COTCH OJAUMHOYHBIX I'CHOB.
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IIpu3Hakm MHUKpOOMOMa TaKKe SBISUINCh OYEHb MPOTHOCTUYECKHMHU JUJIsI APYTHX
(pU3HUONIOTHUECKUX TAPAMETPOB, TAKHX KaK COAEPIKaHUE JIAKTO3bI B MOJIOKE U YAOH MoJoKa (¢ur.
13A-1 u 14A-I). UyBCTBUTENBHOCTD U CIIELMPUIHOCTD MPOrHOCTUYECKUX OWHOB JTOMOTHUTEIBHO
OLIEHMBAJIN ITyTE€M IPOBEIEHHs aHAIN3a «OMEPALlMOHHBIX XapakTepucTuk npueMHuka» (ROC)
IUIl TIEPBBIX NATH OWHOB Ui JAaHHBIX B OTHOIIEHHHM KaK BHJOB, TaK U TE€HOB KaXAOTO
¢usnonoruueckoro mapamerpa (purypst 15A-J u 16A-J). DTOoT aHanmM3 mMOKa3ajg BBICOKYIO
YyBCTBUTEIBHOCTh M CHELU(UIHOCTH MPOTHO30B (PU3HONIOTMYECKHX NPU3HAKOB XO35IMHA Ha
OCHOBE€ 3THX IPU3HAKOB MUKPOOHMOMA, MOCKOJIbKY MHAEKC riomanu nox kpusoi (AUC) umen
BBICOKHE 3HAUEHUsI, KOTOPbIE CYUTAIOTCSI XOPOIIUMH JIJIs AAHHBIX B OTHOIIEHUH BUIOB, U OTJIMYHO
MOIAXOAAT I JAaHHbIX B OTHOUeHHH reHoB (AUC> 0,8, AUC> 0,9, cooTBeTCTBEHHO). JTa
BBICOKAs] TOYHOCTb ITPOrHO3UPOBAHMS YKa3bIBajla HAa TO, YTO PA3JIUYUS B COMAEP’KAHUU I'€HOB U
TAKCOHOMMUYECKOM COCTaB€ MHUKpPOOMOMa MOJKHO MHCIIONB30BaTh [UIA KJIAacCHU(PHUKALUU U
NPOTHO3UPOBAHUS HSHEPTETHUYECKOH 3P PEKTUBHOCTH KOPOBBI.

Memabonuyeckan aKmueHOCHIL MUKPOOUOMA 6apbUPYemMcs ¥ KOPO8 € pPU3IUYHOIU
Ippexmusnocmovio ucno1b308aHUA KOPMOE

PazHooOpasme,  HACBIIEHHOCTh WM JOMHHHUPOBAHME  SIBJIIOTCS  KJIIOYEBBIMH
SKOJIOTHUECKUMH J€TEPMUHAHTAMH, KOTOPbIE, €CIH UX U3MEHHUTh B JTAHHOM JKOCHUCTEME, Kak
NPEATNONAraloT, OKaKyT 3aMeTHOe BiMsHUE Ha ee ¢pyHkuuoHambHOCTh (Hooper ef al., 2005).
CrnenoBarenbHO, clienysi pe3yjbTaTaM OYE€BHIHBIX pPa3IMuMil B 3THX mapamerpax (¢urypa 1,
¢uryper 12A-B u Ttabnuna 2), TONOJHUTENBHO HCCISIOBATN (PYHKIIMOHABHOCTD 3KOCUCTEMBI
py6Oua. IIpoBenu HECKOIBKO aHAIU30B MUKPOOUONIOTMYECKON aKTUBHOCTH, a TaK»kKe ceputo u3 41
MeTabOJINTa TMOABEPIJIN HALICJICHHOMY BO3ICHCTBUIO M M3MEPEHUIO, MPEACTABIISIs MPOLECChl U
NPONYKTBl PA3IUYHbIX TPOPUUECKUX YpPOBHEH MuKpoOHMoMa pybua y 3¢GQGEeKTUBHBIX WU
Hed(P(PEKTUBHBIX KOPOB, HAYMHAS C PA3JIOKEHUS MPOTJIOYEHHOTO PACTUTENbHOTO BOJIOKHA 10
KOHEYHBIX MPOAYKTOB (urypa 3).

3HauuTeNnbHble pa3nuuus oOHapyxkwin B OonmpimHcTBe SCFA. U3 mectn m3MepeHHbIX

SCFA, 4eTbipe — NponuoHAT, OyTHUpaT, BajepaT U M30BAJIEPAT — HAXOAMIUCH B OOJiee BBICOKHUX

KOHLIEHTpALsIX B pyOue 3¢ dexTuBHBIX KOpoB (purypa 3, KOHEUHbIE POIYKTHI META0OIM3Ma U

tabnuua 3).
Tabauuna 3
Mertabonmutr | DddextusHpie | HeapdexTnBHbe O¢pdexTrBHbBIE HesddpexTuBHbie
(MM) (MM) (MM Ha /1 OM) (MM Ha r/n OM)
Anerar 3561 + 1,24 3326+ 1,55 11,84 £ 0,26 11,1+ 0,42
IIponmonar 22,32+0,82 19,45+ 0,84 7,45+ 0,232 6,49 £ 0,22°
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UsoGytupar | 1,5+ 0,05 1,35+0,06 0,5+ 0,01 0,45 + 0,02

ByTupar 22.03 + 1,16 19.6+ 0.9 725+ 027 6,52+ 0,22
Usosanepar | 2,94+ 0,15 2,5+0,13 0,97 + 0,037 0,84 + 0,04
Basepar 3,75+0,14 3,15+0,14 1,25+ 0,047 1,05 + 0,04
O61mue 88,14+ 3.13 793 + 328 29.26 + 0,62° 26.46 + 0,82°
VFA

JlaxTat 0,028 + 0,007 | 0,073 0,02 0,009 £ 0,002 0,03 + 0,009
CyKuuHaT 0,29 + 0,03 0,33 +0,03 0,1+0,01 0,11+ 0,01

Kpome Ttoro, obmas xonuenrtpauuss SCFA Obina Bbime y 3¢¢EKTUBHBIX >KUBOTHBIX,
JIeMOHCTpHUpYOIMX yBenanueHne Ha 10% wmexnay nBywms rpynnamu s¢gdexrtusHoctu (P <0,01;
burypa 4A). OTH pa3nuuus, KaK CUMUTAETCs, OKAa3bIBAIOT 3aMETHOE BO3JEHCTBHE Ha
5 PEeKTUBHOCTh KMBOTHBIX, YYUTBIBAs, YTO MPHONM3UTENbHO 70% 4YHCTBIX MOTpeOHOCTEH B
SHEPIHH KMBOTHOTO YAOBJIEeTBOpsitoTCs ¢ momotbio SCFA (Seymour ef al., 2005).

HHTepecHOo, YTO COOTHOIIEHHE MPOMUOHATA K aleTaTy Y 3((PEeKTHBHBIX JKUBOTHBIX TAKKe
SBJSUIOCH 3HAUYMMO OoJjiee BBICOKHMM, 4eM y HeaddektuBHbx (P <0,05; ¢ur. 4B); yBenudenue
3TOr0 COOTHOLIEHHUS CBSI3aHO CO CHIDKEHHEM NPOAYKLIUH METaHAa U YBEJIHMYEHHEM YJeprKaHUs
SHEPruu y KpymHoro poraroro ckora (Russell, 1998). 3Ty naHHbIe COMOCTABUMbI C U3MEPEHUSIMU
NOTEHIIMAJa METAaHOTeHe3a MHUKPOOHMOMOB, MPH KOTOPBIX OBUIO OYE€BHMIHO, YTO MHKPOOHOMBI
3(¢(HEeKTUBHBIX KOPOB MPOU3BOMAT 3HAYMTEIHLHO MEHbINE MeTaHa, 4YeM uX Hed(h(eKTHBHbIE
anayoru (P <0,01, purypa 3, koHeuHbIe TPOAYKTHI MeTabou3Ma). OOHapykeHue Ooiee BhICOKUX
koHuenrpauii SCFA u 0Oojee HHM3KOro BbIIENIEHUS MeETaHa W3 MHUKPOOMOMOB pyOua
3¢ EKTUBHBIX JKUBOTHBIX COTJIACYETCS C TPEACTABICHUEM O TOM, YTO MPOAYKLIHMS MPOIHOHATA U
OyTHpaTa KOHKYPHPYET C METAHOT'€HE30M 33 BOIOPOX M MPEACTABISET COOOH albTepHATHBHBIN
MEXaHU3M, KOTOPBIH CIy>KHUT B KauecTBe akuentopa siekrponos (Ungerfeld, 2015). ITponyxrmst
6onbmero xommuecrsa SCFA u MeHbIIero Konu4yecTsa MeTaHa MUKpoOHoMaMu 3¢ (¢eKTHBHBIX
KOPOB COTJIACYETCs C MOBBILICHHON YHEPreTHYeCKOi 3¢ (PEeKTHBHOCTHIO.

AHanmu3 He BbIBHJI KaKUX-JIMOO 3HAUYMMBIX PAa3JIMYMid B CIIOCOOHOCTH MHKPOOHOMOB
pasyaraTh KJIETOUHYIO CTEHKY PACTEHHH B palMOHE, in vitro uiw in vivo (durypa 3, momumeps! u
¢durypa 17A-D).

OMHOCUME/IbHAA HUC/IEHHOCHb

Judppepenyuanvuasn

Memaboiuyeckux nymeii pyoua

MUKPOOD2AHU3IMOB u

bonee Hu3Kkoe pazHOOOpasue u Oojee BHICOKOE JOMHUHHPOBAHHIE B COAEP KAHHH T'€HOB U
TAaKCOHOMHYECKOM COCTaBe, HaOJIoaroIIfecs B MUKpoOHoMe 3(()EeKTUBHBIX KOPOB, BMECTE C

U3MEHEHHUsIMH B Habope MeTaOO0JINTOB, YKa3all Ha TO, YTO ITOTOK Yepe3 o0Iue MeTadoImIecKue
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NyTH Pa3JIMu€H B 3TOH rpymnmne MUKPOOMOMOB. JTO MO3BOJIMIIO BBIABHHYTH THIIOTE3Y O TOM, YTO
3TO MOKET OBITh CBA3aHO C M3MEHEHUSIMHU B 3aHATOCTH KOHKPETHBIX MUKPOOHOIOTMIECKIX HHII
pyOma,  ompenensieMblx — MeTaDONMYeCKUMH U (U3WYECKHIMU  XapPaKTEPUCTUKAMH,
(YHKUNOHATBHBIMHU TPYNIIAMH, KOTOPBIE PAa3IMYalOTCsA MO MX MOTPEOHOCTSIM B pecypcax MU
NPOIYKTaM Ha BBIXOJE.

i uccnenoBaHusl 3TOU FMIIOTE3bI IPOBEIN NEPECTAHOBOYHBIN KPUTEPUM CYMMBI PAHIOB
VYUIKOKCOHa, B KOTOPOM CpPaBHHMBAJIM T€HHbIE U TAaKCOHOMHUYECKHE NPOPIIN MEXKAY
MuKpoOnomamu 3 heKkTUBHBIX U He3(PEKTUBHBIX KUBOTHBIX (MaTepuassl 1 MeToabl). B miesnom,
18 BunoB u 34166 renoB nupdeperunposann MUKpOOHOMBI 3PPEKTUBHBIX U HEIPHEKTHBHBIX
kopoB (purypsr 18 m 19); m3 Hux 2 Buma u 227 TIeHOB XapaKTEpU30BAIUCH OoJbIIei
OTHOCUTENIPHOW YHMCIEHHOCTBIO Yy 3((EKTUBHBIX KOPOB. ODTH BUABI M T'€Hbl HE TOJBKO
XapakTepu3oBaIuCh IudpdepeHnanbHO O0NblIe OTHOCUTENBHOW YHUCIEHHOCTBIO Y KOPOB C
pasznuuHbIMH 3HaYeHusiMH RF1, HO Taxoke 3HaUMMO KOppeIrpOBaIv C HHTEHCUBHOCTBIO (hEeHOTHIA
(dburypa 5A). bonee HU3KHME KONIMYECTBA BUAOB M I€HOB, KOTOpbIe ObUIM OOJI€e MHOTOYHCICHHBI
B MHUKpoOHOMax 3((eKTHBHBIX KOPOB, COMOCTABUMBI C 0Ojiee BBICOKMM JAOMHHHUPOBAHUEM H
Oonee HM3KON HACBIIEHHOCTHIO BHUIOB U COCTaBAa I'€HOB 3THX MHKPOOHMOMOB. AHHOTAIlMHU U
aHain3 audepeHunpyIux reHoB no otHomenuto k 6ase nanabix KEGG (Kanehisa ef al.,
2011) Takke COTJIaCYIOTCS C 3TUMH Pe3yJIbTaTaMH, a Takxke ¢ MeTaboJIOMHbIM aHajan3oM. Cpenu
nyreit KEGG 1 nmonyueHHbIX B pe3yJIbTaTe MeTa0OIUTOB, KOTOPbIE HAXOAMUJIHCH B MOBBIIIEHHBIX
KOJINYECTBAX B MHUKPOOMOMAax He3(P(EKTUBHBIX KOPOB, HAXOAMIUCH (EPMEHTHI U3 KATErOPUH
nepeBapuBaHus u abcopOuum Oenka, Kateropud OMOCHHTE3a aMHHOKHCIOT U MeTadoJm3Ma
MeTaHa.

Kpome Toro, 3HauumrtenbHO MeHbinee uucio nyted KEGG Oputo yBennueHO B
MHUKpoOHOMax 3¢ (EeKTUBHBIX KOPOB, MPUBOAS K 3HAYUTEIBHO MEHBIIEMY YHCITY MOTEHIUABHBIX
MPOITYKTOB.

OTU NaHHBIE CBUAETEIBCTBYIOT O TOM, YTO B MHKpoOHOMax He3((EKTUBHBIX KOPOB
CyIIecTByeT Oojiee pa3sHOOOpa3HOE UCIIONB30BAHUE COSTMHEHUI-PECYPCOB, TAKUX KAaK IHIIEBbIE
Oenxu, nupysar, aueTmi-CoA 1 BOJOPOA, UTO MPUBOJUT B Pe3yJbTaTe K OoJiee pasHOOOpa3HOMY
Ha0Opy MPOHM3BOIUMBIX META0OJUTOB, HEKOTOPBIE U3 KOTOPBIX BIIMSIOT HA aKKyMYJHPOBAaHUE
SHEPIHH )KUBOTHBIM B OTPULIATENbHON (POpME HITH HE MOTYT OBbITh UCTIONB30BAHBI JKUBOTHBIM JJIS
yIOOBJIIETBOPEHHsT ero mnorpedHocTeil B sHeprun. B mukpobmomax 3¢ (¢eKTHBHBIX KOPOB
UCTIOJIb30BAaHUE STUX COSNUHEHUH JOMUHHUPYET 32 CYET OrPAHMYSHHOTO YHCia METabOINIeCKHX
NyTeH, KOTOpbIe SBISIOTCS OoJiee 3HAYMMBIMU U LIEHHBIMH U SHEPTETUUECKUX MOTpeOHOCTEH

JKUBOTHOTI'O.
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B ¢unoreneTnuecknx aHHOTALMSIX T'€HOB, KOTOPBIMH OBLIH OOOTaIeHbl MUKPOOHOMBI
3¢ dexTuBHBIX KOpOB, mpeodnamanu Bunel Oaktepuil pyoua Megasphaera elsdenii, odeHb
AKTUBHBIN YTHIM3ATOP JIAKTaTa IJIsl MPOU3BOACTBAa OyTHpaTta u mponuonara (purypa 5SB). Dra
AHHOTALMS WU o0ast Ipyras ONM3KOPOICTBEHHASI AHHOTALIUS HE MOSIBIIIACHh B T€HAX, KOTOPBIMU
Obutn  oOorameHpl MHKpoOMOMBI Hed3(h(eKTUBHBIX KOpoBBL. B memoM, B MHKpoOnOoMax
He3(PPEeKTUBHBIX KOpPOB OBUTM B MEHbIIEH CTEMeHu Mpeodianan KOHKPETHBIH TaKCOH,
YHUKaJIBbHBIA AN 3TOH Tpymnmnbel MUKpoOHoMoB (¢urypa 5B), uro eme Oojpine NMOATBEPAMIIO
runore’y o Ooyiee BBICOKOM JOMHHHMPOBAHHUHM KOHKPETHBIX (DYHKIMOHAJNBHBIX TPyl B
MHKpoOnoMax 3(PQPEKTUBHBIX KOPOB. IJTO TaKKE MOIKPEIUIAJIOCh aHHOTalMeH ABYX BHUJOB,
KOTOpbIE SBJSUTUCH 3HAYUMO O0Jiee MHOTOYHCIEHHBIMA B MUKpOOHOMax 3(h()eKTHBHBIX KOPOB B
a"anuse reHos 16S pPHK. Onna anHOTanus, KOTOpast MOSBUJIACH UCKJIFOUUTENBHO B 3TOM IpyIIe,
npuHamexana kK pony Megasphaera. Jlpyrue BHIbI C TOBBILIEHHOH OTHOCHTEIBHOM
YHUCJIIEHHOCTBIO TNpUHAUIeXanu K cemelictBy Lachnospiraceae, KkOoTopoe Takke HMMENO
NPENCTABUTENISI CPEeOW BHUAOB, KOTOpble ObLTH 0OONee MHOTOYMCIIEHHBI B MHKPOOHMOMAax
HeaPPeKTUBHBIX KOpoB (purypa SA).

M. elsdenii Tax>xe B BBICOKOH cTeneHn odoraman MUKpOOHOMBI 3¢ (HEeKTUBHBIX KOPOB, UTO
YCTAHOBUJIM € UCIOJB30BAHUEM JPYroro reHOMHOIO aHajliu3a, B KOTOPOM IPOUYTEHHs U3 BCEX
00pa31oB BbIPAaBHUBAIM C 0a30l MaHHBIX U3 59 CEKBEHHPOBAHHBIX T€HOMOB MHKPOOPTaHHU3MOB
pyOla W KHIIEYHHWKA, KOTOpbIC, KaK H3BECTHO, YYACTBYIOT B PA3JIMYHBIX META0OIMYECKUX
npoueccax W ObUTM TakXe WACHTU(PHUIMPOBAHBI B TpeAblAyIneM aHajmse. M 3mech CHOBa
Hed(ppekTHBHbIE MHKPOOMOMBI SIBJSUTMCH 3HA4YUMO Oojiee OOOTralleHHbIMH HECKOJbKHUMHU
MHUKPOOHOJIOTHYECKMMH T'€eHOMaMH, Cpean KOTopbix Methanobrevibacter ruminantium (P <0,01),
METaHOTeHHas apxesi HauboJiee pacpoCTPaHEHHOTO poza B pyduie (purypa 6A u ¢purypa 20). 3to
UCCIIEIOBAHNE JIOTIOJIHUTENIbHO PACIIUPWIM, TIOCTABUB BOINPOC, CHPABEMJIUBBI JIU OTH
HAOJTFOIEHUS HE TOJIBKO IS TEHOMOB KOHKPETHBIX MHKPOOPTAHH3MOB, HO H JIJIsl BCEX BO3MOJKHBIX
depmenToB KEGG, mpuHaanexammux K METaOOJIMYECKUM MyTsIM KOHEYHBIX MPOAYKTOB pyoOLa, ¢
UCIIOJIb30BAHMEM OJHOTO W TOTO JK€ NOAXOAa HAa OCHOBAaHUHM IPOYTEHUS-BBIPABHUBAHUS
(Marepuanbl 1 MeTozbl). B COOTBETCTBUU € MPEABIAYIIUMH PE3yJbTaTaMHU MyTh METAHOTEHE3a
SIBJISUICS 3HAYUTEIbHO 00OTaIleHHBIM B MUKpoOromax HeaddekTuBHbIX Kopos (P <0,01). 13 Bcex
UCCIIEIOBAHHBIX MyTeH MPOIYKLMH MPOMHOHATA TOJIBKO aKPUJIATHBIN MyTh, KOTOPBII UCTIONB3YET
JAaKTaT JUId TIOJyYeHHs TIPONMOHATA, SBIBUICS Ooyiee TPEACTABICHHBIM B MHKpoOHOMax
s¢dexTuBHbBIX KOpoB (P <0,01; durypa 6B). Cnenyer OTMETUTD, YTO 3TOT MyTh KOJUPYETCS B
reHome M. elsdenii (Prabhu ef al., 2012) u Coprococcus catus (Reichardt et al., 2014), koTopeiMuy,
Kak OOHApPYKMUJIM C TOMOIIBI aHAIKW3a, ObUIM 3HAYUTENbHO OOOTaIeHbl MHUKPOOHOMBI

3¢ dexTuBHBIX XUBOTHBIX ((purypa 5, 6A, ¢urypa 20), a HE B reHOMax OPYTUX HCCIENYEMbIX
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MHUKPOOPTaHU3MOB, HUCHONB3YIOMKX JaktaT (S. ruminantium wu A. lipolyticus). Kpome Ttoro,
NPOYTEHHs, BBIPOBHEHHBIE C STUM MyTEM, IPEUMYLIECTBEHHO aHHOTHPOBAHbI Kak M. elsdenii n
C. catus, TeM He MeHee, Takxke oOHapy:xeHbl anHoTauuu Clostridium propionicum wn Clostridium
botulinum (¢urypa 21). D10 ykKa3plBaeT Ha aKpHWJIATHBIH NyTh KaK HAa OCHOBHOH (hakTop,
CIMOCOOCTBYIOIINK YBEJIMYEHUIO MPOIMHOHATA M YMEHBLIEHHWIO JIAaKTaTa, 4YTO HaOMIomanu B
MeTabOJIOMHOM aHaJIN3€e TPy IIbl MUKpoOHnoMa 3G pekTHBHBIX KOpoB ((purypa 3).

B tabnune 4 npencrasieH nepedeHb OAKTEPHiA, KOTOPbIE MTOJIOKUTENBHO KOPPETUPYIOT C
BBICOKOH »HepreTrueckoil 3((eKTHBHOCTBIO, HU3KOW MPOAYKIMEeH MeTaHa, KaKk BHOHO U3
SKCIEPUMEHTOB, ONMCAHHBIX B HACTOSIIEM JIOKYMEHTE BBILIE.

Tabauuna 4
Hocnenosarenbnocrs_ID | SEQ ID NO:

(Clostridiales) pon Megasphaera denovol133121 4
cemeiicTBo Lachnospiraceae denovo613908 12
Prevotella bryantii B14

Prevotella albensis DSM 11370 JCM 12258
Ruminococcus flavefaciens ND2009
Megasphaera elsdenii DSM 20460
Megasphaera elsdenii

Megasphaera elsdenii T81

Streptococcus bovis ATCC 700338
Coprococcous catus GD/7
Methanobrevibacter smithiit ATCC 35061
Bacteroides sp. AR29

Prevotella sp. AGR2160

Allisonella histaminiformans DSM 15230
Olsenella sp. KH2P3

Bacteroides sp. AR20

Prevotella sp. HUN102

Olsenella umbonata DSM 22619

B Tabmune S npencrasieH nepedeHb OAKTEPHiA, KOTOPbIE MOJIOKUTEIBHO KOPPETUPYIOT C
HU3KOW SHepreTHdeckod 3¢ (eKTUBHOCTHIO, BBICOKOW MPOAYKIMEH MeTaHa, KaK BHIHO W3

SKCIIEPHUMEHTOB, OMMHMCAHHBIX B HACTOAIICM JOKYMEHTE BBILIEC

Tabauna S
SEQ ID
Hocaenosarensnocts ID | NO:
cemeiictBo Lachnospiraceae denovo167490 5
nopsinok Clostridiales denovo108376 2
(Bacteroidales) pon Prevotella denovo255270 6
(Clostridiales) cemetictBo Mogibacteriaceae denovo540895 9
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nopsinok Bacteroidales denovo1028257 1
(Bacteroidales) pon Prevotella denovo428724 8
nopsinok Clostridiales denovo110296 3
nopsinok Bacteroidales denovo582030 11
nopsinok Bacteroidales denovo747362 14
(Bacteroidales) pon Prevotella denovo976950 18
nopsinok Clostridiales denovo963919 17
(Bacteroidales) cemeiictBo S24-7 denovo565357 10
(Bacteroidales) pox CF231 denovo358968 7
nopsinok Clostridiales denovo640035 13
nopsinok Clostridiales denovo865633 16
(Clostridiales) cemeiictBo Ruminococcaceae denovo855267 15
nopsinok Clostridiales denovo980934 19

Prevotella ruminocola Ga6b6

Prevotella ruminocola 23

Prevotella brevis P6B11

Prevotella brevis ATCC 19188

Fibrobacter succinogenes S85

Succinimonas amylolytica DSM 2873

Ruminobacter sp. RM87

Succinivibrio dextrinoslvens H5

Ruminococcus flavefaciens FD-1

Ruminococcus flavefaciens 17

Ruminococcus albus 8

Ruminococcu albus AD2013

Ruminococcu albus 7

Butryvibrio fibrisolvens YRB2005

Butryvibrio fibrisolvens WTE3004

Butryvibrio fibrisolvens MD2001

Butryvibrio fibrisolvens FE2007

Butryvibrio fibrisolvens 164

Bifidobacterium pseudolongum DSM 20092

Bifidobacterium pseudolongum AGR2145

Bifidobacterium pseudolongum PV8 2

Bifidobacterium adolescentis 221

Bifidobacterium adolescentis L2 32

Bifidobacterium thermophilum RBL67

Bifidobacterium thermophilum DSM 20212

Bifidobacterium thermophilum DSM 20210

Anaerovibrio lipolyticus

Anaerovibrio lipolyticus LB2005

Selenomonas ruminantium ATCC 12561

Selenomonas ruminantium AC2024

Selenomonas ruminantium AB3002

Streptococcus bovis B315

Lachnospira multipara MC2003
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Lachnospira multipara LB2003

Lachnospira multipara ATCC 19207

Lactobacillus reuten mramm TMW1.112

Lactobacillus reuten LTH5448

Lactobacillus reuten LTH2584

Pseudobutyrivibrio ruminis HUNO09

Pseudobutyrivibrio ruminis CF1b

Pseudobutyrivibrio ruminis AD2017

Lactobacillus plantarum mramm AG30

Peptostreptococcus anaerobius 653 L

Peptostreptococcus anaerobius VPI 4330 DSM 2949

Clostridium aminophilum DSM 10710

Clostridium sticklandii

Methanobrevibacter ruminantium M1

Methanomicrobium mobile BP T502

Methanobacterium formicicicum

Methanosphaera stadtmanae DSM 3091

Anaerovibrio sp. RM50

Bacteroides sp. GabAl

Bacteroides sp. GabA2

Blautia schinkii DSM 10518

Blautia sp. SF-50

Blautia wexlerae AGR2146

Butyrivibrio fibrisolvens AB2020

Butyrivibrio fibrisolvens ND3005 2

Butyrivibrio proteoclasticus FD2007

Butyrivibrio proteoclasticus P6B7

Butyrivibrio sp.

AC2005

Butyrivibrio sp.

AD3002

Butyrivibrio sp.

AE2015 2

Butyrivibrio sp.

AE3004 2

Butyrivibrio sp.

AE3006 2

Butyrivibrio sp.

FC2001 2

Butyrivibrio sp.

INllal4

Butyrivibrio sp.

INllal6

Butyrivibrio sp.

INIlal8

Butyrivibrio sp.

LC3010

Butyrivibrio sp.

MB2005

Butyrivibrio sp.

MC2021 2

Butyrivibrio sp.

NC2002

Butyrivibrio sp.

NC2007

Butyrivibrio sp.

OB235

Butyrivibrio sp.

Sub

Butyrivibrio sp.

B

Butyrivibrio sp.

VCB2001

Butyrivibrio sp.

VCB2006
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Butyrivibrio sp. WCD2001 2

Butyrivibrio sp. WCE2006

Butyrivibrio sp. XBB1001 2

Butyrivibrio sp. XPD2002 2

Butyrivibrio sp. XPD2006 2

Butyrivibrio sp. YAB3001

Clostridium aminophilum F

Clostridiales bacterium NK3B98

Clostridiales bacterium WTE2008

Clostridium polysaccharolyticuam DSM 1801

Enterobacter sp. KPR-6

Erysipelotrichaceae bacterium NK3D112

Eubacterium ruminatium HUN269

Lachnospiraceae bacterium AC2014 2

Lachnospiraceae bacterium AC2028 2

Lachnospiraceae bacterium AC2029 2

Lachnospiraceae bacterium AD3010

Lachnospiraceae bacterium C6A11

Lachnospiraceae bacterium G41

Lachnospiraceae bacterium KH1P17

Lachnospiraceae bacterium MA2020 2

Lachnospiraceae bacterium MC2017 2

Lachnospiraceae bacterium MD2004

Lachnospiraceae bacterium NK4A144

Lachnospiraceae bacterium PO6A3

Lachnospiraceae bacterium XBB2008

Lachnospiraceae bacterium XBD2001

Methanobrevibacter olleyae DSM 16632

Oribacterium sp. FC2011

Oribacterium sp. P6A1

Prevotella sp. FD3004

Prevotella sp. KHP7

Propionibacterium sp. MB3007

Pseudobutyrivibrio sp. ACV-2

Pseudobutyrivibrio sp. MD2005

Pseudobutyrivibrio sp. OR37

Pseudobutyrivibrio sp. UC1225

Pseudobutyrivibrio xylanivorans DSM 10317

Ruminococcaceae bacterium AE2021

Ruminococcaceae bacterium D5

Ruminococcaceae bacterium KHP2

Ruminococcus sp. NK3A76

Ruminococcus sp. YE71

Sarcina sp. DSM 11001

Streptococcus bovis 2B

Streptococcus bovis AG46 2
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Streptococcus bovis SN033
Streptococcus equinus GA-1
Streptococcus equinus pGA-7
Streptococcus equinus pRS

3AK/IIOYEHHUE

AHanmuM3 MHOTOYHCIIEHHBIX JKHBOTHBIX, IHTAIOIIUXCS OIMHAKOBBIM PAllMOHOM U
COEePIKALINXCS MIPU OAMHAKOBBIX YCJIOBHAX, MOKA3aJ, YTO CYIIECTBYIOT OOJbBIINE PA3JINYUs B
CIIOCOOHOCTH OT/IENbHBIX JKHUBOTHBIX H3BJIEKATh YHEPTUIO U3 CBOETO KOPMa. DTH PA3INYUs TECHO
CBsI3aHbl C HECKOJBKHUMH NPU3HAKAMH MHUKPOOHMOMOB, KOTOpBIE BKJIIOHYAIOT B ceOs CHU)KEHHUE
HACBIIEHHOCTH U YBEJIUYEHNE TOMUHUPOBAHUS TAKCOHOMMYECKON M KOAMPYIOLIEH CIOCOOHOCTH
B MukpoOnome »>¢pdexTuBHONH KOpoBbl. OHH HAXONAT OTPAKEHUS B H3MEHEHUSX B
(YHKLHNOHAJIBHOCTH 3TOH HKOCHCTEMBI, TI7l€ M3MEHEHHUs B JOMHHHUPOBAHUH KOHKPETHBIX
(PYHKIIMOHAJIBHBIX KOMIIOHEHTOB BJIMSIIOT Ha OOINYI0 IOCTYMHOCTb HMPOAYKTOB 3KOCHUCTEMBI,
KOTOpBIE MMEIOT BBICOKYIO LIEHHOCTb AJIsI JKUBOTHOTO-XO3siMHA. HemaBHO OBUIO OMUCAHO, HYTO
NOBBIIIEHHAsT HACBIIIEHHOCTb MUKPOOMOMa M W3MEHEHHUs] B KOHKPETHBIX (DYHKLHMOHAJIBHBIX
IPyNIax BIUSIOT HA MPOU3BOIUTEIBHOCTh X03sieB y pactenuil (Wagg ef al., 2014), a takxe y
JOJEeH, I/le IOHIDKEHHOE PasHOooOpasue U HaCBIIEHHOCTD CBSA3aHbI C O0see BBICOKOH SHEeprueH,
aKKyMyJIUPyeMO U3 Nuiny y jmonaen ¢ oxxuperueM (Turnbaugh ef al., 2009, Le Chatelier et al.,
2013). Bo3aMo:kHOE 00BsCHEHHE ATOTO SIBJIEHUsI MOXKET ObITh 00y CIIOBJIEHO 00Jiee pa3HOOOPA3HBIM
UCTIOJIb30BAHHUEM COEAMHEHUI-PecypCcoB B MHUKpoOHoMax Hed((EKTUBHOW KOPOBBI, KOTOpPbIE
oOoramensl Buaamu, reHamu u nytssMad KEGG, 4ro npuBomuT k Oosee MIMPOKOMY CHEKTpPY
BBIXOISIIIUX MeTabonnTOB ((puUrypset 3, 6 u 7); 3TO TaKKe HALLIO MOATBEPKACHNUE B 3HAUUTEIIBHO
NOBbIIEHHbIX BbIxomsiux Metabomurax KEGG. C  papyroit cTOpoHbl, B MHKpPOOHOME
3¢ eKTUBHON KOPOBBI OOJIEE MPOCTHIE CETU METAOOIUUECKUX IMyTEeH MPUBOAST K IMOBBILIEHHOMY
JOMUHHPOBAHUIO KOHKPETHBIX (PYHKLIMOHAIBHBIX KOMIIOHEHTOB, YTO MPUBOAUT K MOBBIIIEHHBIM
KOHLIEHTPALUSIM MPOAYKTOB SKOCUCTEMBI, KOTOPBIE SIBIISTFOTCS] 3HAUUMBIMH JJIs1 X03s51MHA (purypa
7B). CnenoBarenbHO, 3¢ EKTHBHBIE MUKPOOHOMBI MEHEE CIIOKHBI, HO OoJiee CreHaTn3npOBaHbI
IUTSL TIOAIEPKKU SHEPTETUUECKUX MOTPeOHOCTEH X035IMHA.

3TO NMOHATHE MPOUJLTIOCTPUPOBAHO OOHAPYKEHUEM MOBBIIEHHBIX KOHLEeHTpaid SCFA,
KOTOpbIE SIBISIOTCS LEHHBIMU A KMBOTHOro-xo3siuHa, SCFA morjomarorcss uepe3 CTeHKY
pyOua aJist yIOBIETBOPEHHS SHEPTETUYECKUX MOTPEOHOCTEH JKUBOTHBIX, IPOMHMOHAT, HATIPUMED,
SIBJIIETCS. OCHOBHBIM TPEIIECTBEHHUKOM TJIFOKOHeoreHe3a y >kuBOTHBIX (Russell & Wilson,
1996, Mizrahi, 2011, Mizrahi, 2013). 3To He OTHOCHTCSI K ME€TaHY, TaK KaK COXpaHsieMasi B HEM
SHEPIHsi He MOKET IMOTJIOMATHCS )KUBOTHBIMH | TepsieTcsi B arMocdepe. Takune merabomnueckne

HU3MCHCHUs, KaK MpPaBUJIO, JOCTUTAKOTCA MYTEM HCIIOJIb30OBAHUA AHTUOHMOTHKOB - CTUMYJIATOPOB
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pocTa, KOTOpbIe MOBBIIAT 3()(PEeKTHBHOCTH UCTIONB30BaHMUsI KOPpMOB skuBOTHOTO (Duffield e al.,
2012). Tak 0OCTOUT [1€JI0 ¢ MOHEH3UHOM, KapOOKCHIIbHBIM NOJN3(QUPHBIM HOHO(POPOM, KOTOPBIH
CEJIEKTUBHO BIJIMSIET HA HEKOTOpPhIE M3 MHKPOOPIaHHU3MOB pyOLa, CJIEeIOBATEIbHO, HU3MEHSI
CTPYKTYypy MHuKpoOmoma pyOma u Brocnenctsuu cootHomenne SCFA B pyOue, yBenuduBast
MPONMUOHOBYI0 KHUCJIOTY M yMeHbImaromyw mnpoaykuuio meraHa (Thornton & Owens, 1981,
Callaway et al., 2003, Weimer et al., 2008, Duffield et al., 2012). bbuio nmoka3aHo, 4To MpH
NepOpajbHOM BBEIEHMHM MOHEH3MH yiydmaeT 3((eKTHBHOCTb HCIIONB30BAaHUS KOPMOB VY
KPYITHOIO pOraToro CKOTa A0303aBUCUMBIM 00pa3oM. B ¢Bsi3u ¢ 3THUM, €ro HIMpOKO HCIIOIb30BAIN
11 TON LIeJIU ¢ TOTO MOMEHTA, KaK ero 000N 11l TPUMEHEHUsI B )KUBOTHOBOJICTBE KPYITHOTO
poraroro ckora B cepenuHe 1970-x romos (Duffield ez al., 2012). Oror >3¢gdexT ynpasneHus
MHKPOOHOMOM pyOlLia, AOCTUTHYTBIN TOCPENCTBOM aHTUOMOTHKOB, IOTIOJHUTENBHO YKAa3bIBAET HA
CBsI3b MUKpOOHOMa pyOua ¢ 3¢ (HEeKTUBHOCTHIO HCTIOIB30BAHUS KOPMOB KHBOTHOTO.

B HacrosiiieM NOKyMEHTE aBTOPbI HACTOSINErO H300PETeHUs! MOKAa3bIBAIOT, YTO 3TH
MeTabOJIOMHBIE HM3MEHEHHsl SIBJSIIOTCSl  PEe3YJbTaTOM CTPYKTYP MHKPOOMOMOB, KOTOpBIE
BCTPEYAIOTCS] B IPUPOJE U B BBICOKOH CTENEHH KOppenupyoT ¢ ¢peHoTurnoM 3¢ exTuBHOCTH
UCIIONb30BAHMST KOPMOB M IIPOTHO3UPYIOT ero. Takum o0pa3om, 3TH pe3yJbTaTbl MOXKHO
UCIIONIb30BaTh ISl COKPAIIEHHs IPUMEHEHNS] aHTUOMOTHUKOB - CTUMYJIITOPOB POCTA B CEJIBCKOM
XO3SIACTBE.

C 2KOJNOTHYECKOW TOYKM 3pEHHs] MOHMKEHHAs OTHOCHTEJbHAS YHCICHHOCTHh IyTeH
METAHOTeHe3a W METAHOTeHHBIX apXeil B MHKpoOHoMe 35((EeKTUBHOW KOPOBBI C HU3KOM
HACBIIEHHOCTBIO COTJIACYETCS C TIPENCTABJICHHEM O TOM, YTO TIPOLECCHI, BBIMOJHIEMbIE
HEOONIBIIMMU TAKCOHOMUYECKMMHU TPYIIAMH, TAKUMH KaK METAaHOT€HHBbIE apXeH, KOTOpbIe
3aHUMAIOT JIMINOb HeOOJbINNE TPOLEHThl MHKpoOHMOMa pyOua, Oojiee YyBCTBUTENbHBI K
U3MEHEHUsIM B pa3HooOpasuu 1 HackimeHHocTh (Hooper ef al., 1995). Otu usmeHeHus: OOBIYHO
CONPOBOKAAIOTCS 3ANOJHEHUEM M JJOMUHHPOBAHUEM JTOCTYITHON HUIIM PA3JIMYHBIMH BUAAMU C
UCIIOJIb30BAaHUEM OJTHUX U Tex ke pecypcos (Grime, 1998). Tak obctout neno ¢ M. elsdenii u C.
catus, KOTOPbIMH, KaK HE3aBUCHMO OOHapyXWiH, oOorameHbl MUKPOOHOMBI 3()(EeKTHBHBIX
JKUBOTHBIX B Pa3JIMYHBbIX aHanu3ax (purypst 5, 6A u 20), KOTOpBIE UCTIOIB3YIOT JEKTPOHBI IS
nponykuun neHHelx SCFA: npornmonaroB u OyTupara, T€M CaMbIM OTBJIE€Kass HMX OT
BoccranoBjiernst COz no merana (Prabhu ef al., 2012, Ungerfeld, 2015). AHaOruyHbINA TPUHITATI,
Kak OBLIO NOKa3aHO, MPUMEHSIIN y KeHTypy JlepOu, Korna npeayioKiiy UCIIoIb30BaTh OaKTepUn
Succinivibrio nyist NICTIOIB30BAHUS BOAOPOAA IS MPONYKLNHU CYKIIMHATA, CIeIOBATENIbHO, CHIKAS
€ro JOCTYIHOCTh 1l MeTaHoreHesa (Pope ef al., 2011). Bo3moskHO Takske, 4TO 0OHapyKEHHBIE
Lachnospiraceae B mukpoduomax 35((EKTUBHBIX >KHBOTHBIX, SBISFOTCS MPOM3BOAUTEISIMU

Oytupara (durypa 5) u BHOCSAT NOMONHHUTENbHBIA BKIan B 3TOT 3ddekt (Louis & Flint, 2009,
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Meehan & Beiko, 2014). Tem He menee, mo Mmepe Toro kak npyrue SCFA oOoramaroT
MUKPOOHOMBI 3TOW T'PyMIbL, U OOJbINAS YaCTh YIVIEPOJHOTO MOTOKA B CUCTEME HIIET B aLETHII
CoA, dopmMuar wim BOIOPON W YIJIEKUCIBIA ra3, BEPOSITHO, YTO B 3TOT 3()(EeKT BOBJICUEHBI
OoJblire reHOB U MyTeH.

KapnounanbHasi TOYka, KOTOpasi BBITEKAET U3 3THUX PE3yJIbTATOB, COCTOMT B TOM, YTO
(YHKIIMOHAJIbHBIC XapPaKTEPUCTUKN HEOOJBIIOrO YUC/IA BHIOB MOTYT CYIIECTBEHHO BJIMATH Ha
CTPYKTYpy cooOmiectBa M (PYHKIIHOHUPOBAHHE HKOCHUCTEMBI. JTO, B CBOK OYepPEeIb, MOXKET
U3MEHHUTh MPOM3BOAUTEIBHOCTh CBEPXOPraHU3Ma - XO35IMHA M JIOKAJIU30BAHHOTO B €ro pyoie
MHKpoOHuoMa.

DT BBIBOAbI MMOTEHUHMAJIbHO MOXKHO WCIOJIB30BATh JUISI YBEJIHMUEHUS MPOAYKIIHH
IPOJIOBOJILCTBEHHBIX PECYPCOB /JIs YeNIOBeUeCTBa OoJiee palliOHAIBHO C HKOJIOTHYECKON TOUKH
3peHUs], a TaKKe JJI MMOHUMAHMS JIeXKAITUX B OCHOBE HKOJIOTMUECKUX MEXAHHU3MOB, KOTOPBIE
YIPABJISIOT CJIOKHBIMA MHKPOOHMOJIOTHYECKUMHU COOOINECTBAMM U UX B3aMMOJAEUCTBHSI C HX
XO351€BaMU.

Hecmorpst Ha TO, 4YTO Hacrosimee wu3oOpeTeHHe ObUIO ONMHMCAHO B COYETAHUH C
KOHKPETHBIMH BapHaHTAMHM €ro OCYLIECTBJIEHUS, OUYEBHJHO, YTO MHOTHUE aJIbTePHATHUBBI,
MoauduKauu U Bapuauuy OyayT OYEBHIHBI CHELUATMCTAM B HACTOSINEH OOJIACTH TEXHUKH.
COOTBETCTBEHHO, TMPEANOJaraeTcsi OXBATUTh BCE TAaKHE aJbTEPHATUBBL, MOIU(PUKALUH U
BapHAaLIMK, KOTOPbIE MOAMANAIOT MO CYLI[HOCTh M IIUPOKHHA OO0BEM mpuiaraemMoi (GpopmyJibl
u3o0pereHusi. Bce myOnmkanuu, MaTeHTbl M 3asBKM HAa BbIAady MATEHTOB, YIOMSIHYTbIE B
HACTOSIIIEM ONMHUCAHUHM W300pETEHUs, TMOJHOCTHIO BKIIOYEHBI B HACTOSIIEE OIMHCAHUE
MOCPEICTBOM CCBUIKH, B TOM JK€ CTENEHH, KaK eCiii Obl ObUIO yKa3aHO, UYTO KaKAas OTAENbHAs
nyONMKaIys, TATeHT WM 3asBKa HAa BbIJA4y MaTE€HTa ObUIM KOHKPETHO W HWHIUBHUIYAJIBHO
BKJIFOUEHBI B HACTOSIIIUN JTOKYMEHT TOCPENCTBOM CChUIKA. Kpome TOro, HUTUPOBAHHUE WJIH
uneHTUUKanus 000N CCBUIKM B HACTOSIIEH 3asBKEe HE CIIEAYET TOJKOBATb KaK JOMYIIEHUE
TOTO, YTO Takas CChUIKA JOCTYIMHA B KadeCTBE MPENIIECTBYIOIMIEro YPOBHS TEXHHUKH JIJIs

HACTOSIILETO U300PETEHMSI.
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71
POPMYJIA U3OBPETEHHUA

1. Crnioco® onpenenenust 3PQPEKTUBHOCTH HCIIONB30BAHUS KOPMOB U MPOAYKIIHU
MeTaHa >XBAuYHOTO >KMBOTHOTO, MpPENYCMATPUBAIOIINK aHANM3 4YHCIa W/WIM pa3HooOpasus
OaKkTepHaJbHOrO TAaKCOHa MHUKPOOHMOMAa J>KHBOTHOTO WIIM CONEPKaHHA TI'€HOB YKa3aHHOIO
MHUKpOOHMOMa, PUYEM YHCIIO W/ UITH pa3HOOOpa3he yKa3aHHOTO TAKCOHA HIDKE 33JaHHOTO YPOBHS
ABJISIETCA  TIOKA3aTeJeM J>KUBOTHOTO, XapaKTEPHU3YIOLIErocs BBICOKOH 3¢ (eKTHBHOCTHIO
UCTIONIb30BaHUsI KOPMOB M HHU3KOH NPOAYKIMEH MeTaHa, WJIM YHCIO T€HOB HIDKE 3aJaHHOTO
YPOBHS SIBJISIETCS TTOKA3aTENIEM >KHBOTHOTO, XapaKTEPU3YIOIIErocss BBICOKOH 3((eKTHBHOCTHIO
WCIIOJIb30BaHUsI KOPMOB M HU3KOW MPOAYKLIMEN METaHa.

2. Cnoco6 mo m 1 Inpru KOTOPOM YKa3aHHOC€ HYHCJIO YKAa3aHHOI'O TaKCOHa

2

AHAJIM3UPYIOT BILUIOTH NO YPOBHS THUIIA.

3. Crocob mo m. 1, mpu KOTOPOM yKa3aHHOe pasHOOOpashe yKa3aHHOIO TAaKCOHA

AHAJM3UPYIOT HA YPOBHE BHUIA.

4. Cnioco0 omnpenenenusi 3¢(eKTUBHOCTH HCIIOIB30BAHUS KOPMOB W/WJTA TIPOIY KLU
MeTaHa y J>KBaYHOIO >KHBOTHOIO, MPENyCMATPUBAIOLIHMI KOJHYECTBEHHOE OIpeesieHHe 10
MEHbLIEH Mepe OAHOrO BuAa OakTepwii, KaK MPEeNCTaBIeHO B Tabiuuax 4 u 5, B MUKpoOHOMe
’KMBOTHOTO, MIPUYEM €CJIH YPOBEHb 110 MEHbIIIeH Mepe OIHOro Buaa Oakrepuii B Tabmie 4 Bbilie
3aJJAaHHOTO YPOBHSI, 3TO SIBJISIETCS [TOKA3aTENIEM BHICOKOM 3 (DEeKTHBHOCTH HCITOIb30BAHHSI KOPMOB
WIN HU3KOW MPOAYKLMK METaHa, W €CJIM YPOBEHb MO MEHbILIEH Mepe OJHOro BHAa OaKTEepHii,
NPENCTABICHHOrO B TabJHIIe 5, HUXKE 33JaHHOTO YPOBHSI, 3TO SIBJISIETCS MMOKA3aTEIEM BBICOKOM

3¢} EKTUBHOCTH HCIIONB30BAHUS KOPMOB HJTH HU3KOH MPOIYKIIMHA METAHA.

5. Crioco0 1o 1. 4, mpy KOTOPOM YKa3aHHBIN MO0 MEHbIIEH Mepe OANH BUJ OakTepuii

npexacrasisier coboi Megasphaera elsdenii nnu Coprococcus catus.

6. Criocob omnpenenenus 3¢ (eKTHBHOCTH HCIIONB30BAHUS KOPMOB W/ WITA TIPOIY KLU
MeTaHa y J>XBaYHOTO J>XHBOTHOTO, MPEAYCMATPUBAIOIIUN KOJWYECTBEHHOE OIpPENeNIEeHUE I10
MeHbIIEeH Mepe ogHoro Buna Oaktepuil pona Megasphaera B MUKpoOHOME KHBOTHOTO, MPHYEM
€CJIM YPOBEHb YKA3aHHOTO 110 MEHbINEH Mepe OAHOro BUAa OaKTepHid BBIIE 3aJaHHOTO YPOBHS,
3TO SABIISIETCS TIOKA3aTeNlieM BBICOKOW 3()(EeKTHBHOCTH MCHOJIB30BAHUS KOPMOB WM HU3KOH

MPOAYKLMH METaHa.
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7. Croco® OTHECeHHsl JKBAYHBIX JKMBOTHBIX K OIPENEJIEHHOW KaTEerOpHH,
MPEeAYCMATPUBAOIIUN CIEAVIOIIEE:
(a) ompenenenue > (PEKTHBHOCTH HCIONB30BAHKUS KOPMOB WJIH TMPOAYKIIMH METaHa
JKBaYHBIX KMBOTHBIX MO MI1. 4 uiu 6; u
(b) oTOOp KMBOTHBIX, KOTOpbIE XapaKTEPU3YIOTCA BBICOKOH 3(PPEKTUBHOCTHIO

WCIIOJIb30BaHUsI KOPMOB U HU3KOW MPOAYKLIMEN METaHA.

8. Crnioco6 no modomy u3 nm. 1, 4 wim 6, Mpu KOTOPOM yKa3aHHBIH MHUKPOOHOM

NpeaCTaBsieT COOOH HeMaTOreHHbIN MUKPOOHOM.

9. Cnocob no mobomy u3 mit. 1, 4 unu 6, pu KOTOPOM YKa3aHHBIH MUKPOOHOM BKJTIOUAET

B ce0st MUKpOOUOM pyOua min (peKanbHbIi MUKPOOHOM.

10. Crnoco® mo mm. 4 uiau 6, IpU KOTOPOM YKa3aHHOE OMpeneeHHe KOJMYeCTBa
OCYILECTBJISAIOT IyTEM aHAIN3a 3KCIPECCUU MO MEHbILIEH Mepe OAHOrO I'eHa 'eHOMa YKa3aHHOU

IO MEHbILEH Mepe OHOW OaKTepuH.

11. Crnioco0 1o 1. 6, mpu KOTOPOM YKa3aHHBIN MO0 MEHbIIEH Mepe OANH BU OaKkTepuii

npeacTassier cobout Megasphaera elsdenii.

12.  Cnocob onpenenenus: 3pGEeKTUBHOCTH HCIIOJIb30BAHMSI KOPMOB WJIH MPOAYKLIUU
MeTaHa >KBaYHOTO JKHBOTHOTO, MPEAyCMATPUBAIOLIMI aHAIM3 KOJIUYECTBA WJIM COCTaBa
KOPOTKOLENO4Ye4HbIX KUPHbIX KUCIOT (SCFA) merabosiomMa >KUBOTHOIO, MPUYEM KOJUYECTBO
wwmn cocraB SCFA sBisercss mokasateneM 3((EKTUBHOCTH HCIIOJIb30BAHHUS KOPMOB FHUIH

MPOAYKLMH METaHa.

13. Crioco6 mo . 12, mpu KOTOPOM €CJTH KOJIMYECTBO MPOMHOHATa, OyTrpaTa, BajepaTa
WU u30BajiepaTa B METa0OJIOME >KMBOTHOTO BBILIE 33JaHHOTO YPOBHS, 3TO SIBJISIETCS
MOKa3aTejieM JKUBOTHOTO, XapaKTePU3YIOMIErocsi BBICOKOH 3((EeKTHBHOCTHIO HCIIOIb30BAHHUS

KOPMOB U HU3KOH NMPOAYKLMEN MeTaHa.

14. Crnocob mo . 12, mpu xotopom eciu kommdectBo obmux SCFA B merabonome
JKUBOTHOTO BBIIIC 3aaHHOIO YPOBHH, 3TO SABJISICTCA II0Ka3aTeJICeM JKHUBOTHOTIO,
XapaKTEPUIYIOLIErocsi  BBICOKOW  3((EeKTHBHOCTBIO HCIOJB30BAaHUS KOPMOB U HHU3KOH

MPOAYKLHEN METaHA.
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I5. Crocob mo m. 12, mpu KOTOPOM €ClIM COOTHOLICHHE MPOMUOHATA K aleTaTry B
MeTab0JIOMe KUBOTHOTO BBIIIE 33JaHHOTO KOJIMYECTBA, 3TO SBIISIETCS MOKA3aTeIeM KHUBOTHOTO,
XapaKTEPU3YIOIIErocss BBICOKOH 3(PQPEKTUBHOCTBIO HCMOJNB30BAHUS KOPMOB W  HU3KOH

MPOAYKLMENH METaHA.

16. Crnioco6 ysenmmuenust 3¢ (eKTHBHOCTH HCIIONB30BAHHS KOPMOB MJIH YMEHbLICHHUS
NPONYKIMM METaHa >KBAYHOIO JKMBOTHOTO, TIPENyCMATPUBAIOLINHA BBEACHHE JKHUBOTHOMY
CPEACTBA, KOTOPOE YBEINYMBAET KOJMYECTBO IO MEHbINEH Mepe ONHOro BHUAAa OakTepuH,
npeacTaBjIeHHOro B Tabnune 4, B MUKpoOHMOMe pyOIia >KMBOTHOTO, TEM CaMbIM YBEIHMYUBAs
3¢ EeKTUBHOCTD HCIOJB30BAHUS KOPMOB WJIM YMEHbLIAas NPOAYKIMIO MeTaHa >KBAYHOI'O

JKHBOTHOTI'O.

17.  Cnoco6 yBennueHus: 3(p(HeKTHBHOCTH HCIOIB30BAaHHS KOPMOB HJIM YMEHBIICHUS
NPOAYKLMH MeTaHa >KBAYHOTO JKMBOTHOTO, NPENyCMAaTPHBAKOLIMN BBEACHHE >KUBOTHOMY
CPENCTBAa, KOTOPOE YBEINYHMBAET KOJMUECTBO poaa Oakrepuiit Megasphaera B Mukpobuome pyoua
’KMBOTHOTO, TEM CaMbIM yBeJIH4nBasl 3((PEKTHBHOCTb UCIONb30BAHNUS KOPMOB HJIM YMEHbLIAs

MNPOAYKLIUIO METaHa KBAYHOT'O JKUBOTHOIO.

18. Crnoco6 mo m. 16, mpu KOTOPOM yKa3aHHOE CPENCTBO COAEPKUT YKA3aHHBIH MO

MEHbLIEH Mepe OUH B OaKTEepH.

19. Crioco6 mo 1. 17, mpu KOTOPOM yKa3aHHOE CPEICTBO CONEPKUT YKA3aHHBIA PO
OakTepuii.
20. Crnioco6 yBenuuenus 3G¢GEeKTHBHOCTH HCTIOIb30BAaHUSI KOPMOB HJIM YMEHbBIIECHUS

MPOAYKLUHUM METAaHa >KBAYHOIO JKUBOTHOIO, MPEAYyCMATPUBAIOIIUN BBEAEHUE >KUBOTHOMY
KOMITO3ULIMH, COAeprKallell 1Mo MeHbIIeH Mepe OIHO CpPEeACTBO, KOTOpoe crenuduuecku
TIOHIKAIOIIE PEryJIUPYeT KOJMYECTBO MO MEHbIIEH Mepe OAHOW OaKTepuH, MPEeACcTaBIEHHOW B
Tabnuite 5, TeM caMbIM yBeJuduBas 3(PQPEeKTUBHOCTh HCIIONB30BAHKS KOPMOB WJIH YMEHBIIIAsI

NPpOAYKIHIO ME€TaHa KBAYHOI'O JKUBOTHOIO.

21. Criocob o 1. 20, mpu KOTOPOM CPEACTBO HE MPEACTABIISIET COOOM aHTUOMOTHK.

22, Cnocob mo mobomy u3 nm. 16-21, mpu KOTOPOM BO3PACT JKBAYHOTO JKMBOTHOTO

MeHbIIIEe 6 MeCSILIEB.



74
23, Cnocob no mobomy u3 nmn. 16-21, mpu KOTOPOM YKa3aHHASI KOMITO3ULHS BXOIHT B

COCTaB KOpMaA.

24.  Cnocob no mobomy u3 nm. 16-21, mpu KOTOPOM yKa3aHHAs! KOMITO3ULHS BXOINT B

COCTaB CHUJIOCA.

25.  Cnoco0 no mobomy u3 nm. 16-21, mpu KOTOPOM yKa3aHHAs! KOMITO3ULIHS BXOINT B

COCTaB KJIM3MBbI.

26. Crnocob mo mobomy u3 mm. 16-21, mpu KOTOPOM YKa3aHHOE JKHMBOTHOE Jiedar C

IMOMOIIBbIO KOMITO3HMLINH aHTHOMOTHKA Nnepea BBEACHUCM.

27. MukpoOuonoruueckass KoMnosuuws, coxepxkamas 2-100 BuzmoB Oakrepwuii,

MpHUYEM 11O MEHbII el MEPE OAUH U3 BUAOB ABJIACTCA TaKUM, KaK IMPEACTABIICHO B Ta6m/1ue 4.

28. MukpoOuonoruueckass KOMHO3uIusi mo 1. 27, He conepramas (eKaJbHbIH
MaTepua.
29. AnTubakTepuabHas KOMIIO3HUIUS, COAEpsKalias IO MEHbIIeH Mepe OIHO

CPEACTBO, KOTOpOE Crenu(UUecKH MOHWKAIOLIE PEryJupyeT MO MEHbIIeH Mepe OIUH BUJ

OakTepwii, KOTOPBIH MpeACTaBJIeH B TaOIHLe 5.

30. Muxkpobuonorndeckass KOMIO3UIMs MO . 27 wuin 28 Wik aHTUOAaKTepHaIbHAsT

KOMMO3ULMS 10 n1l. 28 uiu 29, cocTaBeHHas B BUI€ KOpMa, CUJIOCA UJIH KITU3MBIL.
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