DJI-OAPABU ATBIHJIAFBI KA3ZAK YJITTBIK YHUBEPCUTETI
BUOJIOT U KOHE BUOTEXHOJIOT U ®AKYJIBTETI
MOJIEKYJIAJIBIK BUOJIOTUS JKOHE TEHETHUKA
KA®DEJIPACKI

Jopic 10.
MHUKpPOOHOM KOHE MEeTAreHOMHUKA. A/1aM JI€HCAaYJIbIFbI
MEH aypyJaapbIHIAFbI PO.Ii.

JIektop: k.0.H., Antei0aeBa H.A.



Mukpoouom (nam. microbioma, epexk. mikros — «ycaxky, bios — «mipwiniky) — O€IruI O1p
Opranm3Mjic HEMEce opTajJa TIPIIUIK eTeTIH Oapnbslk MHKpoopraHm3miepmaiH (OaxTepusiap,
apxesijiap, CaHbpIpayKyJIaKTap, BUPYCTap JKOHE KapalanbIMAap) HOMYIISHIHSIIBIK JKOHE I'€HETUKAJIBIK

KUBIHTBIFbIH OLII1PETIH OMOIOTUSIBIK YEBIM.

byn tepmun aneaw pem 2001 oncolibl
aMepuKaJIbIK fanbiM Ixkomya Jlemepoepr
(Joshua Lederberg) IICH
ononHpopmaruk P MakKpaken (Ray
McCracken) eHOCKTEpIHIE PECMU TYpJE
eHrizuial. Omnap MMKpOOHMOMIBLI  agam
ar3aChlHBIH aXbIpaMac O6JIr1l pPeTIHIE
cumnarTar, OHBI «ajgam MEH

MHUKPOOPTraHU3MACPI1H O1pTyTac

SKOJIOTHSJIBIK AKYHEC1» ICH TYCIHAIPAL.

Ioicouwrya Jleoepbepe



MUKpOOHOMHBIH KAJBIITACYbI KJHE 3epPTTeYi

MukpoOroM Typanbl YFbIM MOJCKYJIaIbIK OHOJIOTHS MEH
TCHOMIBIK 3€PTTEYJICPIH JaMyblHa OAMJIaHBICTHI Haiaa OOJIIHL.
XX FaCBIPJIbIH, COHBIHA JICHIH FAIBIMAAP MUKPOOPTaHU3MIIECP/L
TEK KJIACCHKAJIbIK MHUKPOCKOIIMSUIBIK JKOHE KYJIbTYpaJIbIK
QAICTEP apKbLIbI 3€pTTEreH. Anaijga Oyja 9JICTEp TEK IIaMaMEH
1%-Fa XybIK MHUKpPOOPTaHU3MJIEPAl FaHa ©cCIpyre MYMKIHIIK
oepl.

2000-xp110aphl KOFaphl OHIMI1 CEKBEHUpIEY (next-generation
sequencing, NGS) TexHOJIOTrusIapbIHbIH, JaMybl HOTHIXKCCIHIC
3EPTTEYLILIED TaOUFU OpTaaarbl OapJIbIK

MHUKPOOPraHU3MIAECPA1H JIHK-coiH TIKEJICH Tanaay
MYMKIHAIIIHE ue  Oomabl. Ochuranima MHKPOOMOMHBIH
TCHCTUKAJIBIK KypaMbIH (METAarcHOMBIH) aHBIKTAy MYMKIH

OOJIIEI.




MuKpoOHOM IPTYPJIi TAKCOHOMUSJIBIK TONTAFbI MUKPOOPIraHU3M/IEPAEH TYPAAbI:

v
bakrepusap-

MHUKPOOHMOMHBIH

Her13r1 0eJ1iMi

CaHpIpayKyJIaKTap —
AIIBITKBLIAP MEH 3CHACP

v
Bupycrap —
OaKTepHsIap bl

3aKbIMJIAUTBIH (parrap

KOHE 0acKa BUpyCTap

v
Apxesanap-MeTaH Ty3YyIIl

MUKPOOPTaHU3M/IEP

v

[Ipotucrep — Kapananbsm
O1p>KacyIalibl 3yKapuoTTap



MukpoOHoOM TIpl aF3a MEH KOpIllaraH OpTa apachblHAAarbl OalIaHBIC TETIr1 OOJIBIIL
caHajiaabel. OHBIH Heri3ri KbI3MeTrTepi:
* MeTaOoaHuKaIbIK KBI3MET. aC KOPBITY IIPOLICCIHE KATHICHIN, KBICKA T130C€KT1 Mail
KBIIIKBUIAAPHIH (MBICAJIEI, OyTHpAT) TY3E/Il.
» KopraHbIC KbI3METI: ITATOICH1 MUKPOOPTraHU3MICP1H KOOCIO1HE KOJI OCpMEMIL.
 VIMMyYHOBIK pETTEYy. HMMMYHIBIK JKYHMEHIH JKCTUIYIH JKOHE TIOMEOCTa3bIH
KaMTaMacChI3 €TEl.
e ['eHETHKANBIK aKIapar Ke3l: MHKPOOPTaHU3MACPAIH TC€HACPl aaaM T'€HOMBIHBIH
KeHO1p (DYHKIUSIAPBIH TOJBIKTHIPAIbI

MukpoOMOM — TIPIIUIIK HECIHIH o©MIp Cypy KaOuIeTiHe, MMMYHIBIK
TYPAKThUIBIFbIHA JKOHE META0OIMU3MIIK OCJICEHIUIITIHE TIKEIEeHM 9Cep C€TETIH
OMONIOTHSIIBIK  KyMe. OHBIH  3€pTTEIyl OHOMECOMIIMHA, DKOJOTHS, ayblLl
[apyallbUIBIFBl  KOHE  TaraM  OHMOTEXHOJIOTHSICHI — cajajapbl  YIIIH  JKaHA
MYMKIHIIKTEP allITHI.



MeTareHOMHKA (2peK. meta — «apKbLivl, KEeUIH2l», Zenos — «MYKblM, 2eH») — TAOUFU OpPTaJdaFbl
OapabIK MUKPOOPTaHM3MACP/1H reHeTHkaiablKk MarepuanbiH (JHK) O1pikTipin 3€pTTEUTIH FBHLIBIM
canacel. OJ JKEKE MHUKPOOpPraHM3MACpAl Ol eocCIpMer-aK, OJapAblH T'€HOMIBIK KYpPaMBbIH,
(DYHKIMOHAIJBIK QJICYETIH >KOHE DKOJOTHMSUIBIK ©3apa OalJIaHBICTAphIH AaHBIKTayFa MYMKIHIIK

oepenl..

byn OarbITTHIH naijga OoJlyblHA ce0enm —
TaOuFaTTarbl MUKPOOPraHU3MJICP/IH IIaMaMeEH
99%-51 3epTxaHaNIBIK Karjgahjga ©CIpUIMEUTIHI.
KnaccukanablK MHKpPOOHOJIOTHS COJ  CEOCITI]
OJIapJbIH ~KOIIIUIUIINH 3€pTTe alMmanbl. Al
METar€cHOMHMKA TEXHOJIOTHSIIAphl OYJI IIEKTEY/l

YKOU K.




«MeTareHOMHKa» YFbIMbIH ajfail peT 1998 Kblibl amMmepuKanbIK MOJIEKYIAIbIK Onojor oy
Xanpgeiacman (Jo Handelsman) xone onbiH opinTectepl — AxkoH KiaauTon (Jon Clardy) meH
PoOepr I'yamman (Robert Goodman) cHrizag. Onap TaOurn opTaga OCIpUIMEHTIH
MMKPOOPraHU3MACPAIH TCHETHUKAJBIK MaTepHablH 3€pTTCY YIIIH JKaHA 9AIC YChIHABI KOHE OHBI
«METAarcHOMJBIK TaJIAay» ACH aTaipbl.

Torcon Knatimon Loico Xanoencman Pobepm I'yoman



METAT'EHOMMUKA TYPJEPI
16S pPHK SHOTGUN
HErI3IHAETI METAFEHOMMUKACHI
METAFEHOMMUKA

« BakTepusnap meH
apkeanapfblH,
dunoreHeTUKanblk
KYPSMbIH aHbIKTay

e 16S pPHK reHiHiH,
ariMaKTapbl

e [eKk baKkTepusinap xaeHe
apxesanap

e Ap3aH, Xbingaw,
9KONOruaAnbIK Tangayra
TUIM ]

« Bapnblk MMKPOOpPraHu3m-

nepaid reHomMabIk
KaHe QYHKLUMOHAaNbUK
KYPaMblH aHbIKTay

o bapsibik reHoMabiK AHK

 bapnbik TonTap
(6akTepus, apxes,
caHblpaykynak, BUpyc)

o KeweHai Tangay.
>KaHa reHaepnl aHbiKTay

MeTareHoMHuKAa — MHUKPOOHOM/IbI
3epTTeyAlH,  Herri  omicli.  Ochliaiiiia,
MHKPOOHOM KYPbUIBIMBIH, a1 METareHOMMKA
OHBIH, (PYHKIUSJIAPBIH TYCIHYT€ MYMKIH/IIK
oepel.

MeTrareHoMuka Kas3lpri OHOJOTMSHBIH €H
KapKbIH/bI JaMBbIII KeJe KaTKaH
OarbITTapbIHBIH O1p1. O FhUIBIMFA OYpPBIH
OcliMolliM  OOIFaH MHUKPOOPraHU3MICPII1H
QJIEMIH aIlbId, 3KOKYHUEICPAlH T'C€HETUKAJIBIK
KOHE OMOXHUMUSIJIBIK KYPIECHIUIITTH KOPCETTI.
MerareHoMuKa Oonalmlakra kaHa JOopi-
IOpPMEKTEP/IL, (bepMEHTTEPAL KOHE
OMOTEXHOJIOTUSIILIK OHIMACPl Ta0yaa OacThl
KypaJl 00JIMaK.



AI[aM ar3aCblHAAr bl MI/IKpOﬁPIOMHI)IH MAHbI3bI

AJzaM MHUKpPOOHOMBI — OyJI agaMHBIH 1K1 KOHE CRIPTKBLI OeTTepinae (Tepiae, 1IeKTe, aybl3
KYBICBIH/IA, THIHBIC >KOJAAPBIHAA, KBIHBIC MYIICNIEPIHAC KOHE T.0.) eMip CYpeTiH OapibIK
MHUKPOOPIraHU3MICP/IH KUBIHTBIFBI. Ollapra OakTepusiaap, apxesjap, CaHbIpayKyJIakKTap,
BUPYCTap MEH KapamnanbIMAap >KaTapbl.

Faneimmapaein ecenreyinmie, agaMm acHecigae mamamed 10 (100 tpummmonHan acTtam)
MHUKpPOOpraHu3M 0ap. byl agaMHBIH 03 KacylllaJapblHbIH CAHBIHAH IIaMaMEH OH ece KeoIl. Cou
ceOCIITI aJaM MEH OHbIH MUKPOOMOMBI O1pTYTAC OMOJIOTHSUIBIK KYHE PETIHAEC KapaCThIPbLIAIbI

AngaMm MHKpOOHOMBIH 3epTTey XX FaceIpAblH coHbIHAA Oacrtaibin, 2007 xbrabl AKII
¥YarTbIK aeHcayablk HHCTUTYTTApbl (NIH) 0Oacraramn Human Microbiome Project
(HMP) apkpuibl KeH Kenemjae 3epTrenal. ,KoOaHBIH MakcaTbl — aJaMHbIH OpTYpIl
MYIIEJIEPIHAETT MUKPOOTBIK KaybIMAACTBIKTAPAbIH, KYPbLUILIMEI MEH OJIapAbIH JCHCAYJIBIK IICH
aypyjnapaarbl peJIIH aHbIKTAy OOJIIEI.



AOJAM MUKPOBUOMDbIHbIH
BUONOIrNANbiK MAHbI3bl

AC KOpPbITY >XaHe
MeTabonusm

ek bakTepuanapbl Taram
KYpaMbIHOAFbI KYpaeni

KeMipcynap/b! bigbipaTbin,
KbICKa Ti30eKTi Mau

KbILLKbINAapbIH (OyTHpar,

NponuoHar, auerTar) Ty3ei )

N\

UMMYHAbIK )XY UEHi
pertey
MWKpOOUOM UMMYHLbIK
YXYUEHIH XKEeTiNyiH Kam-
Tamachbl3 eTeni XaHe
UMMYH/bIK >ayanTapabiH,
Tene-TeHAIriH cakTanabi

/

{ MUKPOBUOM J

.

(

KopraHbiC KbI3MeTi

MNanganbi bakTepuanap
naToreHaepMeH Kopek-
TiK 3aTTap MeH TipLWifiK
auMarbl yLiH becekere
Tycepni, cen apkbinbl
3uaHbl MUKPOOPraHn3-
MAEepaiH KebetoiH Tex-

~

N

-

BuramMuHpep MeH
6uonoruanbiK 6enceHai
3aTTapAbiK CUHTE3I

Mukpobrom B TOBbIHbIH
nepymeHpaepiH (Bq,, Bg,

GONUIA KbILLKbINbI) XKEeHe
K mapyMeHiH cuHTesgeui

N

Anam ar3achIHIArbl MHKPOOMOM — OyJI O13/11H

KOPEITY,
UMMYHIBIK PETTEY, KYMKE >KYMECIHIH KbBI3METI

«eKIHIl TeHOMBIMBI3». Oia ac

KOHE 3aT aJiMacy IIPOLECTEPIMEH  ThIFbI3

OalnaHbICTBl. MUKpPOOHOMHBIH, TENE-TCHAITH
CaKTay ajaM JCHCAYIBLIFBIHBIH MAaHBI3IbI IIAPTHI
OOJIBIIT TAOBLIAIEI.

MuKpoOuOMIBl 3€pTTEy Kazlpri MEAUIMHAHBIH
KaHa OOYIpPIH alllblll, XK€ MUKPOOUOM/IBIK
Tepamnus, KCKCICHIIPUITEH TaMaKTaHy JKoHE

IpO(UITAKTUKATIBIK MEIUIIMHA CUSIKTBI

OarbITTApJbIH JAMYybIHA KOJ AITHI.



MeTareHOMABIK 3epTTey daicTepiHe ek
KaybIMAACTBIKTBIH, Oykia1 JIHK T130€riH aHbIKTay VIIIH
KOJJAHBUIATEIH KeJiecl ypnak cekBeHuusachbl (NGN)**,
COHIAM-aK aJIbIHFaH JICPEKTEPl OHACY JKOHE TYCIHAIPY
yIIiH OuomH(oOpMAaTHKAJBIK Tajaay kipeal. Herisri
OMOMH(MOPMATHKAJIBIK ~ TOCUIAEPre  TaKCOHOMMUSJIBIK
KYPaM/Ibl KOHE KEKE MHUKPOOPTraHU3MICPI1H
FCHOMJApbIH KaWTa KypyFa MYMKIHIIK  O€peTiH
FCHOMJAPAbl  KYpacThIpy  OJICTEpIH  aHBIKTayfa
MYMKIHAIK O€pETIH aHBbIKTaMallblK TI'cHOMIapra Pun
KapTajgapbl JKaTagbl. AMIUIMKOH TI30€riH Tajjaay
(ASV)HeMece opTYPIIUIIKT1 3€PTTEY VIIIH ONEPAUASIIBIK
TakcoHOMUSIIBIK ~ O1pmikrepre (OTU) knacrepaey,
CoHAal - axK ajgb(da xIHe Oera OPTYPJILIITIH

OarajiayIblH CTaTUCTUKAIBIK 9J1CTEP1 KOJIJaHbLIAIbI.

N
00
Y

DNA
extraction Microbial
community

Sample collection

Mukpobuomubly MemazeHoMObIK 3epmmey
npoyecin Kepcememin ungoepaghuxa



1. CexBenupJey (Ti30exTey 3. CTaTuCTHKAJIBIK TaJAay

| * Keneci ypnak CEeKBEHHUPJIICY | | * Anbda xxoHe OeTa

(NGS) OPTYPALIIriH Oaranay
* «JlpoOoBuk» 9xict (shotgun * Kenemmemmal Tangay

| sequencing) | | smicTepi

MeTareHoOMABbIK 3epTTey daicTepi

2. buonHpopMaTUKAJIBIK TAJay 4. @YHKIHOHATIBIK TAJIAY

* PedepeHcTik reHOMAapFa Kapraiay |
* ['eHoMaapasbl )kMHaKTay (assembly)
* AMIUTMKOHBIK T130€KTEp/I1 Tajl1ay
(ASV)
* OnepanusablK TAKCOHOMUSIBIK
oipaikrepre (OTU) knacrepiiey

* I'eHaep/1 aHHOTaLMsLIIAY
* MeTtareHoMuka




Heri3ri aagicrep
* Keaeci ypnaxk cexkBeHupJieyl (NGS): xorapbl oTK13y KaOu1eTTullrl yiariciHeH Oapiblk JIHK-HBI
PETKE KEITIPYyre MYMKIHAIK Oepel.

* «MBLITBIK» Jaici (shotgun sequencing): ynriaeH okuiayiaanfaH OapiblK reHoMabIK JIHK-HBI
KE3JICUCOK OOJIIIEKTEY )KOHE CEKBECHUPIJIEY.

Monyuyenune AHK

®parmeHTaymsa AHK

Third Generation Sequencing: T — o —
Nanopore Sequencing

BcrpamBaHue ¢pparmeHToB
B BEKTOpbI

O0000

BHeapeHue BEKTOpPOB B
6aKkTepun, KNoHUpoBaHue,
mnsonupoeaHue sekrtopos 1HK

O O o0 0o

I Cen;sesﬂuposanue
@ AGTCCTGAGTGAA EOopKS "°C3:?)?A:aof:nbﬂocm

Keneci ypnax cexeenuyuscol (NGS) "Muviimolk" 20ici (shotgun sequencing)



* bUOMH(POPMATHKAJIBIK TAJIAAY:

* AHBIKTAMAJIBIK F'eHOMAAPABI CAJBICTBIPY: TAKCOHOMUSIIBIK KYpaM/Ibl aHBIKTAY YILI1H
OKyJIap OenruI reHoMaapra COMKECTSHIIPLICI].

* T'enomabl kuHaAKTay: Cy3UIreH TI30€KTEp y3arbIpak (pparMeHTTepre (KOHTUITEPIe)
KHMHAJIAaabl, 0OJap KEH1H TEHOMABIK OpOo(MUIbACPAl ally YIIIH TalJaHaIbl.

Scaffold

e ——i— A

u;;
W
|

|

51200 51600 , ‘-.-Il"|'.l'\_3 | (-U"T"{] 4

|
|

\
HI\
d
h.
|

»<+ Fragment
W\W’/\ o= Read {knuwn SPQU?”(?)
——  Roughly known length but not known sequence

AHbIKMamanvik 2eHoMOapobl CAILICINbIPY ['enomowl socunaxmay




* Amplicon Sequence Visibility (ASV). Mapkep reagep (mbicanbl, 16S rRNA) cUSKTHI
aHBIMAJIbI PETTUIIKTEP/I1 9 JKIKTEY VIIIH MalaaaHbLIaIbI.

* OnepanusiiiblK TakCOHOMUSUIBIK Oipiik (OTU) kuaacrepJseHnyi. OCpuIreH OCHIEHIEC
OPTYPJIUIIKT1 OaFanay YIIlH YKCACTBIKTBIH KOFaphl JOPEKECIH 06I1CETIH TONTACTBIPY T130€TT.

= Bacteroides fragilis @

= Stomach/ Stomach/
. ) Colon Colon
« Bacteroides Duodenum Duodenum
* Faecalibacterium Mouth Stool Mouth Stool
* most prevalent @ ‘
* most abundant (gl
/ « Segetella & |
* Ruminococcus '
* high dietary fiber utiity m
_ = = ot Ll Sl Beverage, noodle, bread,
( 2 . \ 5 o "
= Oscillospira g% " :3:)? mﬁws
= Coprococcus
* high dietary fiber utility
\ J

Fruit, potato, fish rich diet Subject 3

Preval Relative abund Stomachy Colon Slomach/ Colon
revalence elative abundance
= Segetella & s Duodenum Duodenum
(*) Isolated networks K Mouth Stool Mouth Stool
= Streptococcus and Veillonella HC2
* Klebsiella and Enterobacter
Preference
» Bacteroides ovatus & HC1
« Faecalibacterium @ ®
. M) = HC2
UU a none
@ @ HU Subject 1 Subject 2
iz Enterobacteriaceae

Subject 4

Amplicon Sequence Visibility Onepayusnvlk maxconomusiavik oipnixk (OTU) knacmepnenyi

(ASV)



CrarucTHKAJNBIK TaJaay:

*Auabda xdHe Oera IprypuaiiaikTi Oaranay: IllennoH, CumiicoH xoHe YHaol CHSKTBI
MHICKCTEP KaybIMIACTHIKTAp 1IIIHACT1 KOHE apachbIHJArbl OPTYPJILIIKTI CaHIBIK Oarajay
YIII1H ITaligalaHbLIa b,

*Koen esmmieMai Tajjgay daicTepi: MUKpPOOTBIK KaybIMJACTBIKTAPAbl BU3yaId3alLUsIAy
KOHE CaNbICTHIPY YIIiH Koimanbiaasl (Meicansl, PCOA, NMDS).

A: Bactena Pcoa
1201 ~ m Ori
eVI Bif
. g 10.10_SWeEh st T #VI_Starch
— 100 § 20- o s No7 Rarcn® @ ‘Q.rgs_e"‘ A . AVl
8 € T a 0.5 - Ny 1_Starch 4 Nog Starch @ o
£ ® £ N ta -
251 081 N\ 2 ! % ta
801 e i ) W 10.81 @
g No. 12 © .'10’_ if A
204 - ot No.y Or N¢.4_BH A
Older Middle Young Older Middle Young - No.2_ S :
Age Age N N A\ "?o.‘_.ﬂ No.5_Bif 0.2_Bif
. 8) - No 10
B: Fungi a i No1 Bif
| 081 No.E No.2 O o
40 o 10.5_0f No.3_C )
io.9_BH
0.5 No.8 O No.8_Bif
30 151 3 i M\ 11, O i0.11_Bit
- s = |
o [ [
2 S g-ou No.6_Oi
020‘ ('510. @ !
-1.0 -
.
” 0.5 . 0.21 T T T T T T
=1.5 -1.0 -0.5 0.0 0.5 1.0
Older Middle Young iddle Young Older Middle Young

Ace PC1: 31.96%

. Ken enwemoi manoay aoicmepi
Anvghba sicone bema apmypninikmi

oazanay



* OYHKIMOHAJABIK TAJAay:

e Tenaepai anHoTanUsiIay. KOHTHHITED]E
TaOBLIFaH TCHICPI1H (G yHKLIUSIapbIH
IEPEKKOPIAPAbI TAJIAAY apPKbLIbI AHBIKTAY.

Merarenomuka. KaybIMOacTBIKTBIH, OapibIK
ITCHETUKAJIBIK MaTepHalblH 3€pPTTEy, OV OHBIH
(GYHKIMOHAIJABIK ~ OJIEYE€TI Typalibl  TYCIHIK
oepen.

Mapkepnik
reHaepai
Tangay

Kypactsipy —

MapKeme reHaepai
nepekKopMeH
canbnTblpy

TakCOHOMUSANbIK/
cbmnoreHeTMKanbuK
Knaccmd)MKanaay

| TI30eKTOUKaUMananoy-
onororbipy

Komno3muM9Hbi knaccpukacaay-
—

[eHOM TWi36eKTi

- DUHHUT ,qepeKKopmeH can-

TakcoHOMUSANANBLK
Knaccmcbmaum

CbITblpy < =
[eHOM Tuiz6ekTi
aepeKKopM canbicTipy

[eHOMO HOp
KOHTUHTIH
=>|  kamTy npo-

KOHTMHr
KYPacTbIpy

KOHTUHTIH Kypacablpy
Hemece
KOHTUHTIH npoduni

(ynepnom/ reHOMOM\
Accemnnby

||||||

[eHOM MOnAbiK npodu-
nm mece KOHTUHTIH
KamTy npoduni

DYHKYUOHAIObIK MATOAY



MeTareHOMMKa — KOpIIaraH OpTa VJTICIHACT1 OapiblK MHKPOOPraHU3MICPI1H
TCHETHUKAJIBIK MAaTCPHUAJIBIH OJIap bl ©CIpMEN-aK 3€pPTTCUTIH JJIIC.

Her13r1 MaHpI3bI MEH KOJIJAHBLIYHI:

¢ ¥ Ocipyciz 3eprrey: 3eprxaHaga eocCcIpy KHBIH HEMECE MYMKIH €MeEC
MHUKPOOPraHU3MACPAIH I'€HACPIH Talgayra MYMKIHIIK Oepenl.

° KaybsIMaacTeIKTaApAbl TYCiHY: JKeke Typaep emec, TyTac MHUKPOOTHIK
KaybIMIACTBIKTAPABIH, 63apa OPCKETIH aHbIKTAWAbBI (MbICAJIbI, 1IIIEK MUKPOOHOTACHI,
TONBIPAK MUKPOOPIraHU3M/IEP1).

. DOyHKIHOHANABIK Tajagay: KaybIMaacThIKTarbl MHUKPOOTApIbIH KaHOau
yHKOUsIapapl  (MbICaibl, (EPMEHT OHAIPY, META00JM3M) OpPBIHAAUTHIHBIH
KOPCETE/I1.

+ & Konaaubliybl: Meaumuinaaa (imek MEUKpOOHOTACHIH 3€PTTey), SKOIOTHSAA
(TOIbIpAaK II€H CYIbIH JKarJaublH Oaranay), »KOHE OHMOTEeXHOJIOTHsJaa (KaHa
GepMEHTTEP MEH OHIMIEP Ta0y) KCHIHCH KOJIJaHbLIabl.



Muxkpoopranusmaepal ecipmen 3eprrey

MukpoopranusmMaepai ecipMen 3eprrey
— 3¢pTXaHAJbIK JKarjgaliga oclpy KHWBIH
HEMECE MYMKIH €MEC MHKpoOar3aiap/bl
aHBbIKTAayFa >KOHE cHUMATTayFa MYMKIHJIIK
OCpETIH SAICTEP KUBIHTHIFBI.

ﬁ MaHbI3bI:

byn QIICTED MHUKPOOTBIK
KaybIMIACTBIKTAPJbIH allyaH TYPJIUIIT1H
TYCIHyYI€, DKOXYMElIep MEH  ajaam
ICHCAYJIbIFbIHA dCEpIH 3EpPTTEYTE

MYMKIHJIIK O€pel.



@l Herisri Tocimep:

Mukpockonusi: MUKpOOpPraHu3MAECPAl TIKEICH KOpy
KOHE OJIap/IbIH MIII1H1 MEH KYPBUIBIMBIH 3€PTTEY.
MoJekyaaiabIK-reHeTHKAJBIK daicrep (II'TP): JIHK
mMeH PHK-HBI Tammay apkKbUibl MHMKPOOPTaHHU3MACPI]
AHBIKTAY.

NUMMYHOJIOTUAIBIK dAicTep: Ar3agarbl aHTHUICHEIICD
MEH aHTUTCHAEP apKbUIbl MHOEKIUIIApAbl AHBIKTAY.
buosiorusiibIK daicrep: JlabopaTopHsIBIK KaHyapap
aApKbUIbl  KO3IBIPFBILITEIH, aypy TYObIpy KaOlIETIH
3EPTTEY.

MeTareHoMabIK TaJjaaay: Kopimaran opragaH ajabIHFaH
yaAruiepaer: oapaslk Mukpoopranmmaepaiy, JIHK-cbiH
3¢PTTEY AaPKbUIBI OJIAPJABIH TYPAIK KYPaMbIH >KOHE
()YHKIMSICBIH aHBIKTAY.

MukpoopraHusmsepal
ecIpycCi3 3epTTey agicTepl

rd

MONEKYJIAJIbIK-TEHETUKAJbIK
O0ICTEP (NTP)
AOHK meH PHK-HbI Tangay apkbinbl
MUKpPOOPraHu3MaepAai aHbiktay

MUKPOCKOINUA

Mukpoopranmampoepai Tikenein
Kepy XaHe onapAbiH MiLliHi MeH
KYPbI/IbIMbIH 3€pTTEY

= N
METYHOJIOIMNAJbIK BUONOTIrnsaAnbiK a4ICTEP

9AICTEP NaBopaTopusnbIK XaHyapnap apKbinbl

Ar3afarbl aHTULEHeNnep MeH aHTUreHa- KO3/bIPFbILWTbIH aypy TYAbipy KabineTiH 3epTTey
nnnnnnnnnn howviivanannkl 2ukIvTAaV

Muxpoopzeanuzmoepoi ecipyciz zepmme) a0icmepi



16s ppHK ceKBeHMPpJIey daici-Oyi OapiablKk OakTepusuiapiaa OonarelH puoocomalblK PHK-HBEIH
16S reH1H1H KYIIE€0l MEH PETTUIINHE HET13ACITeH MHUKPOOTBIK KaybIMIAACTBIKTAPABI Tajiaay OAIICI.
byn Oakrepusuiapbl OpTYpJl TAKCOHOMUSUIBIK JCHIEWnepAe (TYKbIMFa JICHIH) aHBIKTAayFa >KOHE
aXbIpaTyra >KOHEC MMKpPOOHMOTAHBIH, KypaMbl Typajibl TYCIHIK allyFa MYMKIHAIK Oepedl. bya oxic,
MBICAJBI, 1IIEK MMKpPOOHMOMACBIH 3€pTTEY VIIIH KEHIHCH KOJJAHbLIAAblI KOHE MHKPOOHOTAHBIH
KYpaMBbIH TaJIay YII1H "aJIThIH CTaHJ:[apT" OOJIBIN CaHaIagkbl.
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MerTareHOMAbIK TajJJgay — aJaMHBbIH MHKPOOMOMBIHBIH TYPJIK KypaMbIH JKOHE
(PYHKIUOHAIABIK  QJICYETIH  aAHBIKTAUTBIH omic. On  3epTTEIeTIH  YArigeri  OaplibIK
MHUKPOOPraHU3MACPAIH, TEHIAECPIH Taldanjbl, T€K 3€pTXaHajJa ocIpulyl MYMKIH TYpPJIECpPMEH
IEeKTEeIMENAl. byl o11c MHUKpPOOTBIK KaybIMIACTHIKTBI Oaranayfa >XKOHE OHBIH JICHCAYJIBIKTHI
CaKTayJarbl peJiH (MbICAJIbl, ac KOPHITY MEH MMMYHJIBIK jKayanTa) TYCIHyTe, COHIal-aK
OYMCOAKTEPHUO3ABIH OPTYPJIl aypyldapMeH OalJIaHBICBIH aHBIKTayFa MYMKIHIIK Oepel.
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MeTareHoMABbIK TaJAayadbIH Heri3ri QyHKIUsAIaphl:

e TypJiik KypaM/Jabl aHBIKTAY:

AnmaM JeHeciHlH opTypial Oemiktepinae (1ImIeK,
THIHBIC Ay JKOJIIaphl, Tepl JKoHEe T.0.)
KE€3JCCETIH OaKTepusap, CaHbIpayKyJIaKTap
KOHE 0acka MHUKPOOPraHM3MICP/l KOFaphIl
OQJIAIKIICH aHBIKTAayFa MYMKIHAIK O€pel.

* OYHKIMOHAJIBIK MYMKIHAIKTEPaI TaJaay:
MukpobOuorana O€JICeHl T'€HASCP MEH METa0OJM3MIIK
KOJNJApabl,  COHJIAKW-aK  OJIApJAbIH  OPBIHJIAWTHIH
(bYHKIUSIApPbIH aHBIKTANIbI.

* O3apa Oails1aHbICTAPAbI 3€PTTEY.

MuKpoOTHIK KaybIMJACTBHIKTBIH aJaM aF3acbIMEH Kajiai
OPCKETTECETIHIH, OHbIH 3aT ajMacy MEH HMMYHIBIK
KYHEH1 KOJIAay1aFbl POJIIH TYCIHYTC KOMEKTECE/I].



* AypyjiapMeH 0alJIaHbICThI AHBIKTAY: C ., @
MukpoOroM KypaMBIHAAFBl ©3repicTep MEH TYpIi =
aypynapablH (IIIeKTiH KaOBIHY aypynapbl, IHa0eT,
CeMI3MIK,  TIOTI  TICHXUKAJIBIK  OY3BUILICTAp) o

apachIHIarbl OalIaHBICTEI TA0yFa MYMKIHJIIK Oepe/l. ‘_]- ,

Aypyrapmen batranvicmol
AHBbIKMAY

» /Keke emaey TICUIAEPIH J3ipJiey:

AN - ~ MUKPOOHOMIBI TAJIIAY HOTUKECIHIE 9P alaMFa KEKe
| A ' OarbITTAIFAH TEPANUSJIBIK 9JICTEP KacayFa OO0JIajbl
(MbICaJIbl, 1UA0ETTI MUKPOOMOTAaHBI TY3ETY apKbLIbI

‘> eMICY HEMECE T€Pl MEH TMHEKOJOTUSIBIK aypyJiapabl

eMICYJE KOJIAaHy).

Keke emoey macinoepin azipney



MHUKpOOMOMHBIH J€HCAYJIBIKTAFbI POJII

MukpoOnomMm — OyJI aJiaM ar3achbiH/Ia TIPIIUIIK €TETIH MUKPOOPTaHU3MAECP KUBIHTHIFBI, JKOHE
oJlap O13/11H ACHCAYJIBIFbIMBI3 VIIIH ©T€ MaHbI3Abl. ACKOPBITY JKYHECIHAEC MHUKPOOHMOM KOPEKTIK
3aTTapabl CIHIPYOl JKCHUIACTIN, BHUTAMHUHJIEP MCEH KbICKA TI30C€KTI Mal KbIIIKbUIAAPHIH
cunte3genal. CoHbIMEH Karap, MMMYHIBIK JKYHMEH1 KaJbIITACTBIpyda YJIKECH pPOJI aTKapalpbl.
OYPBIC TCHICCTIPUITEH MUKPOOUOM UH@eKuuaiapa Kapcol KOpP2aHbIC 0Oepedi KOHE
AICPTUSAJIBIK, =~ HEMECE ayTOMMMYHJBIK — aypyJdapAblH JAaMy MYMKIHAITIH —TOMEHICTE/I.
MuKpOOMOMHBIH 9CEpP1 3aT ajaMacy IPOLECIHE JI€ KAThICTHI, OJI SHEPTrUsSHbI THUIM1 ITaniaajlaHyFa
KOMEKTECE/Il, COHAAaN-aK «IIIEK—MH OC1» apKbUIbl ICUXHUKAJIbIK JCHCAYJIBIKKA bIKIIAT CTE/Il.
MpIcanbl, 1MIEK MHKPOOTapbl HEUPOTPAHCMUTTEPIICPIAIH OHIIPICIH PETTECH OTBIPHIN, KOHLI-KYM
MEH CTpecC JeHreuiHe acep ereal. Ochuiaiiia, MUKPOOHMOMHBIH TEHIEPIM1 @OAMHBIH MHCAANbI

uzukanviK rcone NCUXUKAIBIK OCHCAYbIZbl YUIIH OHe MAHbI3ObL.
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AC KOPBITY KyHecl UMYHIBIK KyHe Heps xyiieci
-BuTaMuHIEp,KOPEKTIK 3aTTap -Kopranbic HH(pEKIMIFa KapChl -Heviporpancmurrep
-KpbIcKa T130€KT1 Mail KbIIIKbBLIbI MEXaHMU3MIEPAi LIHTAIAHIBIPY -KeH11 kyiire acep

-CtpeccTti peTTey



ACKOPBITY KyHeciHAeri MUKPOOMOMHBIH KbI3MeTi

ACKOpPBITY JKyHeciHAerli MHKpPOOMOM — Oyl I1IMIEKTE€ TIPHIUIIK €TETIH MWUIMOHIAaFaH
MHUKPOOpraHu3MACp/IiH (OakTepusiap, CaHbIpayKyJIaKTap, BUPYCTap) >KUBIHTBHIFBL. Ol agaMHBIH ac
KOPBITY OPOLECIHE, UMMYH/IBIK KYNECIHE KOHE sKaJIIbl JCHCAYIBIFbIHA 30p 9CEp €TE].

AC KOpPBITYFa KaTbICY Butamunaep cuHTesl NMMYHBIK JKYHeHi peTTey  [mek KaObIpFrachblH KOpray
1.— Kiietyarka MeH 1.— Iuex OaxkTepusAnIapsbl 1.— ITaiganel OakTepUsIIap 1.— MynuH eHI1py apKbLIbI
KYPZAEI KOMIPCYyIapabl B12 xone K SUSHIBI ilreKx KaOBIprachiH
BIIBIPATHIII, KbICKA BUTAMUHJIEPIH MHUKPOOPTraHU3MIEPAIH 3aKbIMJIAHYIaH KOPFauIbl.
T130eKT1 Mau OHJIPEIi. KOOCIOiHe JKOJI GepMEIi. 2.— ImeKTiy OTKi3rimTirin
KBIIIKBLIIAPbIH TY3€/I]. 2.— ByJ1 BUTAMHUHIIED KaH 2.— IMMYHHMTETTI1 KYILICHTIII, KaJIBITITA YCTAIl TYPAJIbl.
2.— 9HCPFHHHBH.1 | T30y MEH 3aT KaOBIHYyFa KapChl oCEp
KOCBIMIIIA KO31 PETIH/C eTen.

. ajaMacyjia MaHbI3/bl.
KbI3MET €TE/l.



MukKpoOMOMHBIH MMMYH/BIK KYHEHI KAJBINTACTHIPYAAFbl MAHBI3bI

ACKOpPBITY  JKYHECIHJIEIl MHKPOOHMOM HMMYHJIBIK KYHCHIH
KaJdbIITaCybIHAA JKOHE THIMJI >KYMBIC ICTEYIHJE MICHIYIIl POl
aTkapagpl. IlIeKkTe TIPHILIIK €TETIH MaiAalibl MHKPOOPraHU3MACP
ar3aHbIH KOPFAHBIC JKYHUECIH  «HCAmMmbIKmulpaosl», SFHU
MMMYH/JBIK Kacyllajgapfa Mangalibl KOHE 3USHIbl MHUKpPOOTap.bl
aXbIPATYAbl YUPETE/I.

MukpoOuoM iwex KaodvipacvlHOa KOP2AHBIC KAOAMmMbIH mYy3in,
MaTOTCHACP/I1H KaHFa oTylHEe koj1 Oepmenal. COHBIMEH KaTrap Ol
KbICKa TI130€KT1 Mall KBIIIKbUIAAPBIH (alleTar, MPOIMOHAT, OyTupar)
Ty3edl — Oy KOCBUIBICTAp KaOBIHYAbl Aa3aWThIl, HWMMYHJIbIK
KacyllajgapAblH, OeJICeHAUNrH perreral. [lanmanel OakTepusiiaap
UMMYyHOTI00ymMH A (IgA) CUSKTBI KOpFaHBIC MOJICKYJIAIapbIHBIH
TY3UIylH apTThIpajibl, HOTKIKECIHAEC 1II€K IIeH OYKLI ar3aHbIH
MMMYHIBIK TYPaKThUIBIFBI KYIICHEI].

Ochlnaiima, MHKPOOMOM HMMYHIABIK JKYHEHIH Tene-TCHOITH
CaKTall, aF3aHbl CHIPTKBI KOHE 1IIK1 3USHJbI dCEPJICPICH Kopraya

MaHBbI3/Ibl OHOJIOTHSIIBIK POJI aTKapaabl.




MuKpOOMOMHBIH 3aT aJIMACY sKIHE KYHKe sKyleciMeH 0alIaHbIChI
(«IIeK—MH 0Ci»)

[Imex MHUKpOOHOMBI ar3aHbIH 3aT aJIMacybl MEH JKYHKE JKYHMECIHIH KBI3METIHE TIKEJICH 9CEp
erenl. byn OailnaHbIC «imtek—mu oci» JEI aTtajafbl KOHE >KYHMKE, TOPMOHJIBIK, KMMYHIBIK
CUTHaJIJap apKbUIbI )KY3€re acabl.

MukpoOHoM KeMipcyliap MEH MaWnapibl BIABIPATHIN, KBICKA TI30€KT1 Mal KbIIIKbLUIAAPBIH
TY3€Ol — OJIap IHep2us KO3l HCIHEe Memadonusmoi pemmeyull KblZMemiH amKapaobl.
Conpali-aKk MUKPOOMOM JIEIITHUH, I'PEJINH CUSKTHI TOPMOHIAPAbIH TY3UIY1HE bIKIIAI €TiI, TOOCT
[I€H CAJIMaKThl OaKbLIAMIEI.

Kyrike  KyWeciMeH  OalaHbICTa  MHKPOOHMOM  CcepomoHuH,  Ooghamun  CEKUIAL
HEMPOTPAHCMUTTEPJCPAIH TY3UIylHE KaTbhICaabl, OVJI aJaMHBIH KOHUI-KYHl MEH CTpPecC
OCHI€HI1HE 9Cep eTel.

Ocpinaiiia, MUKpOOHNOM aF3aHbIH (DM3UKAJIBIK JKOHE IMCUXHUKAJIBIK TEIC-TCHIITH CaKTalThIH
MAaHbI3Abl OYbIH 00BN TAOBLIAIBI.



lmexk—Mu ocl cxeMachl (MOTIHAIK HYCKA)

byn cxeMa MHKpPOOHOMHBIH 1IIEK IIEH MM apachbIHAaFbl ©3apa OalJIaHBICBIH KOPCETE/I].

MuKpoOMOM ar3aHbIH, 3aT aJIMACYbl MEH JKYHKE )KYHECIHE 9Cep CTE/L.

MU — IHIEK
T o
Heliporpancmurrepiaep  KbIcka T130€KT1 Mail KbIIIKBLIAAPbI
| i !
KeHlI-KyH, cTpecC  AC KOPBITY, METAa00JIN3M
T !

[ opMmoHaap (cepoToHuH, 1O0(PaMUH, TPEIUH, JICITHH)

MUKpOOHOM TEK IMIEK KBIBMETIH FaHA €MEC, 3aT aJIMacy IIPOIIECTEPIH, TOPMOHIAPIBI KOHE
> 9
KYMKE JKYHECIH PETTEYre Je¢ KarbiCaapl. [IIEK—MM OC1 apKbUIbl MUKPOOHOM IICHXOJIOTHSUIBIK

KOHE (PMBHKAJIBIK JCHCAYJIBIKKA €ISyl 9CEP €TE/IL.



JIucOMO3abIH TYPJI1 aypyJdapMeH 0alJIaHbICHI

JIncoakTepno3 — Oananapaa kul KezgeceTiH aypy. Oa acKazaH-1IeK >KOJIJAPbIHBIH TOJBIKKAHIBI KYMBIC 1CTEY1
YIIIH KQXKETT1 KaJIbIIThl MUKPO(JIOpa TEHrepiMiHiH Oy3blIybIHAH I1ali1a 00JIaabl.

JImcomo3 — 1lIeKk MMKpPOOMOMACHIHBIH OajlaHChl OY3bLIybl, Oy acCKOPHITY >XYWECIHIH aypyinapbl (MbIcaibl, lmiek
ce3iMTall CHMHJIAPOMEI, limek KaOBIHy aypylapbl, TOK IIMIEK KaTepil 1CIrl), ajuIeprus >KOHE MCHUXHUKAIBIK aypyJapablH
AaMyblHa ocep ereal. JImcOmo3 1meK-Mu OChIHE 9Cep €TII, KYHUKE KYMECIHE 9CEpIH THUTI3edl, Oy ayTH3M, JCHPECCHs,
ype CeKUIIl NCUXUKANbIK Oy3bUibicTapra okejiedl. COHBIMEH Karap JAUCOMO03 MHMKPOOTapAblH METa0OIUTTEPIHIH

OanaHCBIH OY3bII, )KYPEK-KAHTAMBIP, HEBPOJIOTHUSUIBIK Ay PYyIap/bl TYbIHIATYbl MYMKIH.

bamanapna, acipece xaHa TyraHjaapaa, Oy aypyablH Iakaa 00J1ybl MEH JaMYybIHBIH
HET13I1 ce0e01 — Jop1-I9pPMEKTEPMEH (9CIpece aHTHUOMOTHUKTEP TOOBIMEH) AYPHIC
€M JKYPri3LIMEY1.

bipax mukpoghnopa menecepimine acep ememin 6acka oa ¢haxkmopnap bap:

— QJIBIHFaH KYHIKTEP;

— aybIp XUPYPTHUIBIK Ollepanusiapad KCHIHT1 KaF1au;

— KOJIAWChI3 3KOJIOTUSJIBIK OPTa,
— MOHJIAyIIbl CAYJIECIICHYAIH KYIIT1 9Cepli;
— AHACBHIHBIH aypybl HEMECE HOPECTEH1 KEIll EMI3Y;

(23-cypem)
Muxpodgpnoparviy 6y3v11)b1

— OaJlaHbI TBIM €pTE KAaCaHAbl KOPEKTCHIIPYTE KOIIIPY.



MuKpoOMOMIbI KAJINbIHA KEJITIPY KOJIAAPLI

Mukpobuomonl Kannvina Keamipyoiy He2i32l 20icmepi:

IIpoOuoTHKTEP: Naigansl OaKTepUAIapAbl KAObLIAAY apKbLIbl MUKPO(MIOpaHbl TEHECTIPY.

IIpeOnoTuKTEp: Nakiganbl OaKTEepHUsIap YIIIH KOPEK.

OMmip caaTbl.cTpeccTi 6ackapy (Hora, MeaUTaIN ), TYPAKTHI YUKBIL, (PU3UKAJIBIK OCICCHIIIIK

IIpobuomuxmep men ¢hekanbovbl MpPAHCHIAHMAYUSHOIY

[UEeK MUKPOOUOMACHIH KAANBIHA KEIMIPY MeXAHU3MI
(dicacoll — OH acep, KOK — baxmepusanap, cyp — namozenoep.)

PDekaapabl TpaHciiantanua (PT): cay
OOHOPJABIH, HOXICIHIH  MHKPOOMOTAChIH
MAIMEHTKE €HT13y apKbUIbl OaJTaHCTHI
KaJIblHA KEATIPY onict.dexanbabl
TpaHCIUIAHTALMS 9CIpECce KaWTalaHaThIH
Clostridioides  difficile  mH@exnusachH
eMAcyAe ©T€ THUIMIAl, COHJah-aK Oacka
aypyniap YIIlH 3€pTTEIyIe.



MeTareHOMUKAa MEH MUKPOOHOM/IbI 3ePTTEY/AIH 00/ 1aIIAFbI

MeTrareHoMuKa KOFapbl TEXHOJIOTHSJIBIK 9AICTEpAlH, O1pl pPeTIHAE MHUKPOOHOMHBIH META0OJM3MIH, TYPIH
KOHE (PYHKIMSACHIH >KaH-)KaKThl 3epTreyre MyMKIHAIK Oepemi. NGS (korapbsl €Ty PETTUIINH aHBIKTAY)
TEXHOJOTHAIAPhl KOHE OMOAKNapaTThIK KypaaJapAblH JaMybl MHUKpPOOTapJbIH >XKaHa TYpPJEPIH, OJapIbIH
(YHKUHSJIApBIH JKOHE aypyJapMEH OalIaHBICTBI 3JIEMEHTTEPIH alllyfa CEITIMH TUrizyae. byn Oonaimmakra
KaHa Tepanusjaap MEH JUarHOCTHKA KypaJlIapblH Kacay/ia MaHbI3/Ibl pOJI aTKapa/pbl.

boaamak 3eprrey/jepaid Herisri OarbITTaphbl:

* Mukpobuomnviy monwvlx kapmacwvin ocacay. KAbIH ©CIpIIETIH MHUKPOOPraHM3MICP/l KOHE OJap/IbIH
(YHKUMSIIAPBIH Taaaay JaMUIbI.

o /Kexe meduyuna. MUKpOOHOMHBIH ajaMm JCHCAyJbIFbIHA OCEPIH €CKEPE OTBIPHIN, HWHIAUBHUIYAIIbI
Tepanusuiapbl ’Kacay, IPOOHMOTUKTEP MEH (PEeKalbIbl TPAHCILIAHTALIUS 9ICTEPIH KETUIAIPY.

* Kopwazan opmanvl 3epmmey. ToneIpak, Cy, ayaaarbl MUKpOOHOMIApAbl OaKbLIay >KOHE SKOJIOTHSIIBIK
npoOJieManapasl MICHTY YIIIH KOJIIaHY.

* /Kacanowvl unmennexm nen ouourngopmamura. Y JKEH NEPEKTEP KUBIHTHIKTAPBIH THUIMAl TaIAay apKbLIbI
MHUKPOOHOM 3€pTTEY/l aBTOMATTAHABIPY JKOHE METaJCPEKTEP 11 HAKThIpAK TYCIHIIPY.

o Foutbimu biHmuviMakmacmelk. XaJdblKapaiablK KOH(DEpEeHIHSJIap MEH 3€pTTey kob0ajapbl METarecHOMHKAa
caJlaChIH JAMBITyFa CCITITTH TUT13€].



