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IIpoBeneHO CpaBHUTEIHHOE COMOCTABICHUE CEMM PA3IMYHBIX CIIOCOOOB BBHIAEICHUS TOTAILHOM
JHK u3 o0Opa3sua kana, peKOMEHIyeMbIX B IPOTOKOJIaX METAareHOMHOTO aHAIN3a COCTaBa MUKPOOUOTEI
KHUILIEYHHKA yeoBeka. Mccnenopana BapuadellbHOCTb OTHOCUTEIBHOIO COAEPIKaHUs B TAKUX 00pasLax
JAHK uenoBeka, perucTpupyeMoro Io pe3yiabTaTaM BBICOKOIIPOM3BOIUTEIHFHOTO CEKBEHHPOBAHHS
C MCIOJIB30BaHKEM reHeTnueckoro ananuzaropa SOLID 4. [TokaszaHo, 4T0 Macca B3STOro B 00paboTKy
HNEPBUYHOIO MaTepuasa U METOAUKA, peanusyemas Juis Bbiaenenus ToransHoi JIHK, He okaspiBaror
CYIIECTBEHHOTO BIIMSIHUSI Ha KOHEUHYIO BEJNIMUMHY OTHocuTenbHOW jmomu JITHK dwenoBeka, xoropas
He mpesblaer 1% s 310poBoi momynsanuu. [IponeMoHCTpupoBaHHAsE MHBAPUAHTHOCTH 3TOTO
IOKa3aTessl MO3BOJSIET PAcLCHUBATh €ro IOBBIIICHHE IPH METareéHOMHOM aHajlu3e Kak OIUH U3
MOTEHIMAIBHBIX MAPKEPOB BOCIAIUTEIbHBIX 3a00/ICBAHUN KUILICUHUKA.

KioueBbie cioBa:
Beienenne JIHK u3 kana.

BBEJEHHUE

3a mocneaHHEe TOAbl HAKOMUIOCH OOIBIIOE
KOJIMYECTBO MyOJIMKAIIAH, MO CBSIICHHBIX
METareHOMHOMY aHaJN3y MHUKPOOMOTHI KUIICUHHKA
yenoBeka [1-5]. OmHako, B OONBIIMHCTBE pPaboOT
BBIOOp mpoTokosia skcTpakumu JHK wu3 kana
U TOCIEAyIoNee MPUIOKEHUE ONpeAeIEHHON
TEXHOJIOTUH TEHOMHOTO CEKBEHUPOBAHUS HHUKAK
HEe O0OOCHOBBIBAIOTCS M HE BalUIUPYIOTCS.
He uckiitoueHo, 94T0 UMEHHO 3TOT (aKT U SBISICTCS
MPUYHHON MPOTHBOPEYUBBIX pE3yJIbTaToB,
MOJIYYEHHBIX HE3aBUCUMBIMHU  rpymnmnamu  [6].
He BbI3bIBa€T COMHEHHUM, UTO KaXIbIil U3 KITIOUEBBIX
JTAamoB WCCIENOBaHUs — CcOOp © XpaHEHUe
Ouosornuecknx O0O0pas3IoB, WX MOCIEIYIOas
o0pabotka Juist Beienenus JJHK u ocymecTriieHus
BBICOKOIIPOU30JUTEIHLHOTO CEKBEHUPOBAHMUS,
0COOEHHOCTH CUMTBIBAHMS W aHaaW3a JAaHHBIX —
IMOTEHI[NAJILHO BJIHSIET Ha KOHECYHEIE
pe3ynbTaThl METareHOMHOTO aHaJm3a
(http://www.microbiome-standards.org/). Tem He

* - anmpecar JUIs IEPETUCKU

METarecHOMHBIM aHaJu3,

CEKBCHUpOBaHUE (parMeHTHBIX OHOIHOTEK,

MEHee, Ha HACTOAIMHA MOMEHT HE CYyIIeCTBYET
CTaHJIapTU30BAHHOTO MPOTOKOJIA, KOTOPBI
MO3BOJIMJI ~ Obl  OOCECHEUHMTh  COMOCTABUMOCTH
pe3yNbTaToB  METAareHOMHBIX  HCCIEIOBaHUH,
MOJIyYE€HHBIX pazIuYHBIMU TpyIIaMH.
B nuteparype wumeercss Hemano MyONMKaIui,
OIEHUBAIONIUX BJIUSHUE TEX WJIW HWHBIX JTANoOB
mporecca o0pabOTKH 00pa3iia Kaja Ha KOHEUHYHO
XapaKTEPUCTUKY MHKPOOHOTHI KHUIICYHUKA
yenoBeka [7-10]. Opnako, OoJblnas 4acTh
MOMOOHBIX PabOT OCHOBBIBAETCS Ha aHAJIHM3e
JIaHHBIX, MOJTyYE€HHBIX MOCPEICTBOM
Bupocnenupudeckoir  konmuuectBeHHoW  [TLP,
b0 B mpolecce napauiebHOr0 CEKBEHUPOBAHUS
6ubnmnorex GpparmentoB renos 16S pPHK Oakrepuii.
O0a 3TH TPOTOKOJNA OLEHUBAIOT OTHOCHUTEIBHYIO
koHIeHTpanuto Mukpodnoit JHK. Buusuue
IpoIeaypbl 00paboTKU 00pa3ua Kaia Ha Pe3yabTaThl
METareHOMHOTO aHaJu3a, KOorja MPOUCXOIUT
CYMTBHIBAHUE TOTAIBHBIX TE€HOMHBIX JaHHBIX
0e3 TpUBA3KH K O00BeKTy (MUKpoOHas duiopa,
9yKapuoOThl, BHUPYCHI), [0 CETOJIHSIIHEr0 JHS
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A0JIs1 JHK YEJIOBEKA B METAI'EHOMHOM OBPA3IIE

MPAKTUYECKU HE UCCIIEI0OBAHO BCIIEACTBUE BHICOKOM
CTOMMOCTH Takoro mnoxaxoga. OJHako, JaHHas
npoOiema TpeOyeT BHUMATEIBLHEHINETO H3yUeHHS
U MOXET, B YaCTHOCTH, BHECTH KOPPEKTHUBBI

B CJOXUBIIEECS Ha  CErOJHAINIHUK  JICHBb
MpEJACTaBICHUE O CTPYKTYpe MHOT000Opasus
MUKPOOHOTHI KAIIIEYHHKA yesioBeka [1].

MaccuB  JaHHBIX, HaKalJWBAaeMbId  TIpU

METAarcHOMHOM aHaJIM3¢ 06pa3ua Kaja, HECET

UHQOPMAIMI0 O  KOJIHUYECTBEHHOM  COCTaBe
MHKPOOHOTHI KHIIEYHUKA YEIOBEKA, BKIOUYAs
0aKkTepun ©  DYKAPUOTHYECKHE CHUMOWOHTHI

(rpulOBbI, Tpoctelnme, resbMUHTHI). Kpome Toro,
peructpupyercst npucyrcrsue JHK mnuimesoro
npoucxoxaeHuss u yenoseka [l11]. Ilpu sTom
ucrounukoM JIHK uyenmoBeka cily:kaT cCilylEHHbIE
KICTKH DIUTENHS NUIIEeBAPUTEIBHON TpPyOKH.
OtHocutensHoe conepxkanue J[HK denoseka,
perucTpupyeMoe Ipu  aHallu3e MHUKPOOUOTHI
KUIIEYHUKa  IMOCPEJCTBOM  CEKBEHUPOBAHUs
(parMeHTHBIX OUOIHOTEK, MOKET PACCMATPHBATHCS
Kak MOTEHLUAIbHBIA MapKep BOCHAJEHHUS U HHBIX
TTOBPEKICHUH CITM3UCTON OOOJOYKH KUIICYHUKA.

B nanHOUl paboTe MBI TPOAHAIM3UPOBAIH
BusiHUE nponienypsl BeiaeneHus JJHK nu3 obpasma

Kajla Ha pEerucTpupyeMoe IO pe3yiabTaram
CEKBEHHUpPOBaHUA  (parMeHTHbIX  OHOIMOTEK
oTHOocuTenbHOE coaepxkanue JIHK uyenoseka

B MCTarcCHOMHOM 06pa3ue.

METOIUKA

OO0pa3zern Kana 3a0UpaId y 3JI0pPOBOU JKEHIIUHBI
28 5eT Ha OCHOBE WH(MOPMHPOBAHHOTO COIVIACHS.
3a0op MaTepualia OCyIIECTBISUIA B WHAMBH LY alTbHBIT

TJIACTUKOBBIN KOHTEWHED, rnocie 4yero
HCTIOIB30BaNN sl HeMemieHHoro Beiaenenns JJHK,
00 MmoABEprasu 3aMOpo3Ke 1 XpaHunu npu -20°C.

Beigenenne JHK wu3 kana ocyuiecTBisiau
C UCMOJNB30BAaHHMEM CEMH METOJIOB, paHee
ONUCAaHHBIX B MNYyOJUKANMIX, IMOCBSIICHHBIX
METarecHOMHOMY aHAJIM3y MHKPOOHOTHI KUIIICYHHKA
[2, 4, 9, 12-16]. [logpoOHOE oOmNMUCaHWE METOIOB
npuBenieHo B [punoxkenusx. [lonydeHHbIe 00pa3iibl
JHK HUCIIOJIb30BaAINA IS MIPUTOTOBIICHUS
(parMeHTHBIX OHONMMOTEK (TabnnIa).

Koneunyro koHnentpauuto toranpHoi JIHK
B pacTBOpe  OHpeleasyii  C  IOMOIIbIO
¢bnyopumerpa Qubit® (“Invitrogen”, CIIIA)
¢ wucnonb3oBaHueM HabopoB Quant-iT™ dsDNA
Broad-Range Assay Kit u Quant-iT™ dsDNA
High Sensitivity Assay Kit (“Invitrogen”),
COMIACHO PEKOMEHAALNAM MTPOU3BOTUTEIIS.

[TonroToBKYy (parMeHTHBIX OHOTHMOTEK W UX
CEKBEHHPOBAHHE C FICIIOIH30BAaHAEM TCHETHUCCKOTO
anammzatopa SOLID 4 (“Life Technology”, CIIA)
OCYIIECTBISIIN COTJIaCHO pPEKOMEHIAIUsIM
MPOU3BOJAUTENS C HCIIOJIb30BaHHEM HabOpOB
SOLiD TM Fragment Library Construction Kit,
SOLiD TM Fragment Library Barcoding
Module 1 — 16, SOLiD TM EZ Bead TM ES80
System Consumables, SOLiD™ ToP Sequencing
Kit, MM50/5. TeHOMHBIC JaHHBIC JECTOHUPOBAHBI
B Sequence Read Archive (NCBI), kox mpoekra
PRINA243613.

[IpenBaputenpHas  00pabOTKa  TEHOMHBIX
JAHHBIX BKJIOUala B cebsa orOpachiBaHUE
HU3KOKAUYEeCTBCHHBIX  MPOYTCHHH, KOPPEKIUIO
¢ nomompbio mnporpammel SAET u ob6pesanue
0 KayecTBy, Kak omnucaHo paHee [l5].

Tabauya. Homepa 6ubmotek ¢pparmentoB ToTanbHol JIHK, skcTparupoBanHo pa3HbIMA METOAAMH U3 HABECOK

CIAUHOI'O 06pa3ua Kaja.

Cae:xuii o0pa3en kaaa 3amopo:keHHBIN 00pa3el Kajia
M1 1,M1 2, M1 3, M1 4 F1 1,F1 2,F1 3,F1 4
Metox 1 (me3aBucHMbIe HaBecku 1o 100 mr) (ne3aBrcuMBbIe HaBecku 1Mo 100 mr)
" M1 5,M1 6, M1 7, M1 8 F1 5,F1 6,F1 7,F1 8
(cymmapras HaBecka 500 Mmr) (cymmapras HaBecka 500 mr)
MeTton 2 M2
MeTton 3 M3
MeTton 4 M4
MeTop 5 M5
Meton 6 M6
M7 1, M7 2 (cynepHaTaHT, I1OJy4YeHHBIH F7 1, F7 2 (cynepHaTaHT, M0Jy4eHHbIH
1py OPMHUPOBAHUHN KIIETOUHOT'O OcaJiKa 1ocie | Ipu (GopMHPOBaHUH KJIETOYHOTO OCaaKa MOCie
Meron 7 OJIHOM W JIBYX IPEABAPUTEIIHHBIX IIPOMBIBOK) | OHOM M JBYX IpeIBapUTEIbHBIX TPOMBIBOK)
A M7 3, M7_4 (KJIETOYHBIH 0CAIOK, F7 3, F7_4 (kneTouHblil 0CcajIoK,
c(hOpMHUPOBAHHBIN MOCIIE OHOM U JIBYX c(OpPMHUPOBAHHBIN NOCIIE OAHOW U JIBYX
IPEe/IBAPUTEIIBHBIX TPOMBIBOK) IPE/IBAPUTEIIHHBIX IIPOMBIBOK)
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Kocmprokosa u op.

Homo JIHK wuyenoBeka B oOpaslle OIEHHBAIU
myTéM KapTHPOBAHUS npenoOpaboTaHHBIX
MPOYTECHUH Ha TeHoM uenoBeka (Bepcust hgl9)
¢ momoipio makera Bowtie [17]. Ilpourenus,
HE OTKapTHPOBABIINECS HA TEHOM YEJOBEKa, OBUIN
WCTIONB30BaHbI JUIS TaJIbHEUIIET0 KOTMYECTBEHHOTO
npoQUIMPOBaHUS TAKCOHOMHYECKOTO COCTaBa
MUKpOOMOTHI. Ero BeUMCIANN B pesynbTaTe
KapTUPOBaHUS TMPOUYTCHHH Ha HEU30BITOUHBIN
pedepeHcHbIN Kartanor u3 354 penpe3eHTaTHBHBIX
F€HOMOB  MHUKpPOOPraHM3MOB, BCTPEYAIOLIMXCS
B KHUIICYHWKE YEJIOBEKa, C HCIIOJIb30BAHHEM
nporpamMmmHoro makera Bowtie [17]. B kauectBe
HWCTOYHUKOB M  COCTaBICHHUS  Karayora
TeHOMOB HCIIONB30BaNN 0a3zy mpoekTa Human
Microbiome Project (http://www.hmpdacc.org),
NCBI  (http://www.ncbi.nlm.nih.gov), IMG/M
(http://img.jgi.doe.gov/m), a Takxe Jpyrue
o011e0cTynHbIe UICTOYHHKH [ 1, 2]. OTHOCUTENBHYIO
MIPEJICTaBICHHOCTh TeHOMa B 00pa3lie pacCUUThIBAIN
myTeM JelieHus oOweld HIIUHBI [POYTEHUH,
KapTUPOBABIIMXCS Ha TEHOM, Ha JIMHY T'€HOMA,

PE3VYJIBTATBI U OBCYXKJIEHUE

MeTareHOMHBI aHan3 MUKPOOUOTHI
KHUIIICYHUKA YeIOBeKa B (popMare CEKBEHUPOBAHUS
oubimorek (parmenroB JIHK mpencrapnser codoit
CJIOKHBI MHOTOCTYIEHYAThIH mporecc (puc. 1).
OObyHO 0Opaser; toraipHON JIHK, BhIIETCHHOMN
M3 Kaja, paculeluisieTcs B 3aJaHHOM Juara3oHe
JUIMH Ha  KOpPOTKHE (parMeHThl, KOTOPHIC
B JaJbHEHIIEM HCIOIB3YIOT Ui IPUTOTOBICHHS

OMOMMOTEeK M CUUTHIBAHUA  HYKJICOTHUJIHOU
IOCJIEN0BATEIbHOCTH Ha CEeKBEHATOpax
BTOPOTO TOKOJICHHS, COMIACHO CTaHJAPTHBIM

nporokosnaMm. [locnmeayromasi TaKCOHOMHYECKAs
U MeTaboiuuecKass PeKOHCTPYKIUsI cooOlecTBa
BBIMOJIHSAETCSI HA  OCHOBAaHHU  PE3yJbTaTOB
KapTUPOBAHHs IMOJYYCHHBIX HHAWBUAYAIbHBIX
MPOYTEHU Ha HaOOphl pedepEeHCHBIX KaTaJIoroB

T€HOB u TE€HOMOB. COOTBETCTBEHHO,
uaeHTU(UKAIUA TOTO WJIM WHOTO OpTraHu3Ma
B cocTaBe METareHOMHOI'O obpasma

BO3MOXHa, €CJIu €ro rciHomM BXOAHMT B COCTaB

C TOCIIEAYIONICH HOPMHUPOBKOW Ha OOIIYIO JITHHY pedepercHoro karajgora 10 HOKPBITOEI
NPOYTEHUM, OTKAPTUPOBABILKMXCSA HAa BCE IeHOMBI 1aCTH _renoma MIPEBBIACT 3aJIaHHBIN
IUISL TAHHOTO 00pasiia. MIOPOTOBBIN YPOBEHb.
MemazeHOMHbI
obpazey [AHK
®PparmeHTauua OHK,
NUrMpoBaHue
aganTepoB
Bubnuomeka
ppazmermoe fJHK
CekBeHupoBaHue
¢parmeHTHON
onbnuoTtekn
|
L5 |
e m— — Habop kopomkux
— npoumeriu(i
I I
BbipaBHMBaHue
NPOYTEHUN Ha
pectepeHCHbIN
KaTanor reHomMmoB N E—
— NN S
(
|
G [ | | 1 [ ]
2 — TakcoHoMuYeckast
p— u
| ]
G3r4 — T e e | memabonudyeckasn
7 PEKOHCMPYKUUS

Hg 19

Pucynok 1. MeTareHOMHBIH aHaJIN3 MOCPEACTBOM CEKBEHUPOBaHuUs oubmnorek ¢pparmentos JTHK.
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Ouenuts xoauuectBo JHK yenoBeka, HCXOIHO
MPUCYTCTBYIONICH B METareHOMHOM o00pa3sle,
BO3MOXKHO ITOCPECTBOM KapTHPOBAHUS TOTYYCHHBIX
B pe3ysibTaTe CEKBCHHPOBAHUS MPOYTCHUN Ha OIMH
13 U3BECTHBIX pe(hepEHCHBIX YEIOBEUSCKUX TCHOMOB.
Ji1s1 TOTO YTOOBI OIIPEACTUTH BAPHAOEITBHOCTE ITOTO
nokaszarens nans ooOpasnoB JHK, BwimeneHHoO#
U3 Kaja 370pPOBBIX JIFOMCH, Mbl MPOAHATU3UPOBAIU
MAacCUB JAHHBIX, [OJYYCHHBIX paHee IpH
METAareHOMHOM aHaJln3e MHUKPOOHOTHI KHIIIEYHHUKA
y 96 xwureneir Poccuiickoii ®enepanuum [15].
Hns 92 o0pasnoB cpemaHee 3HAUYCHHE JIOJHU
MPOYTEHUM, KApTUPOBABIIUXCSA HA TCHOM 4YeJOBEKa
hgl9, cocraBuno 0,22+0,24%, W TOJNBKO s
4eThIpEX 00pa3loB MbI HAOIIONATH TOBBIIICHUE
JMIaHHOTO TIOKa3zaTens, BIUIOTH 10 44% [15].
IToBeimennas mnpencrasieHHocts JIHK uenoseka
(6omee 10%) oTMeueHa HAMM TAKKE B METar€HOMHBIX
oOpasnax, TMOJyYEeHHBIX OT MAlUCHTOB C
Pa3NIUYHBIMH  TATOJOTHYECKUMHU  COCTOSIHUSIMU
KHIIICUYHUKA (JIaHHBIE HE MPHUBOAATCS). [10CKOIBKY
MPpH MHOTHX BOCHAJIUTEIbHBIX 3a00JCBaHMIX
KHIICYHUKA 3HAYUTEIHLHO YCHIIMBAIOTCS MPOIECCHI

HEKpo3a ®  amomro3a dHTepomuToB  [18],
MBI TIPEATIOI0KHUIIH, 49TOo 3HAYUTEILHOE
noBeimenne noiau reHomHou JIHK uwemoseka
npu METAreHOMHOM aHanmse MOYKET

paccMaTpuBaTLCA KaK OJAWH W3 MOTCHUHUAJbHBIX
MapKepOB BOCIAJICHUSL.

B mnpeacraBnenHoir pabote, mpoBeds Cepuio
SKCIIEPUMEHTOB € 00pa3LoM Kaja, eIHHOMKIbI
[IOJly4YE€HHBIM OT OJHOTO NAalMeHTa, Mbl OLIEHWIN
BO3MOXKHOCTb  BIMSHHUSL Pa3jIMYHBIX METOJOB
Beiaenenust JJHK wa perucrpupyemyro momo JTHK
YeIoBeKa B TECTHPYEMOM METarecHOMHOM O0pasIie
1 BOCIIPOM3BOAUMOCTD MOJTYUCHHBIX PE3YJIBTATOB.

B nepBoi cepun OKCIIEpPUMEHTOB
MBI HCCIIEIOBAJIM, BIUSAET JIM KOJUYECTBO B3ATOTO
B aHAJIM3 Kajla Ha PETUCTPUPYEMOE B MOCIEACTBUU
OTHOCHUTENIbHOE cojepkanue reHomHou JIHK
genoBeKka. B pa3muuHbIX paborax mo METareHOMHOMY
aHaMM3y MHUKPOOMOTHI KHUIIEYHHKA YEIOBEKa
HCCIIEAYIOT HAaBECKM OT [JECATKOB MWIJIMIPAMMOB
JI0 HecKkoJdpkux TpammoB [4, 14, 19, 20].
B macrosmeit pabote MbI 0TOOpanIM MATH HABECOK
ro 100 mr u Beiaensutn JIHK w3 kax ol He3aBHCUMO,
COIIaCHO METONy 1, paHee UCIOIb3yEMOMY B Hallei
npaktuke [15]. IlapannenbHO TATH HABECOK
nmo 100 Mr ObuM TOMEIIEHbl B OIHY HPOOUPKY
u pecynenaupoBanbl B 1000 MKII JIM3HUPYIOLIETO
Oydepa TmaTenpHBIM TepeMemuBanueM. Ilocie
gero mo 200 MKI CyCHEH3WH OBUIM ITOMEIICHBI
B mpoOHpPKH C  KPEeMHHEBO-IIUPKOHUEBBIMH
OycwHaMu, aanpHeWmme craauu Beinenenus JTHK
ObUIH MPOBEJICHBI He3aBUCHMO. [1o ueThipe oOpasia
W3 KaXJOW TpyNnbl ObITM  TPOTECTHPOBAHBI
TEeHOMHBIM CeKBeHHpoBaHUeM (Oubnuorexku M1 1-8
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B Tabmuie). B ueThIpéx He3aBUCHUMO OTOOPaHHBIX
HaBeckax cpenHee cozepkanue reHomHoi JJHK
cocraBmwio  0,694+0,15%, 4TO0  JOCTOBEpPHO
HE OTIMYAJOCh OT aHaJOTMYHOTO I10Ka3aTes
JUIS 4eThIpeX 00pasIloB, BBIACICHHBIX W3 HCXOTHO
o6mieit HaBecku — 0,51+0,15% (puc. 2)

AHAIIOTHYHBIH JKCMIEPUMEHT OBIIT TPOBEJICH
Ui oOpa3ma Kaja TOCiIe  ero  XpaHeHUs
npu -20°C B TeueHue mATH AHEH (OmMOIMOTEKH
F1 1-8 B Tabnune). Ilpm Ttakoii mocTaHOBKE

OKCIIEPUMEHTa I YeThIPEX  HE3aBUCUMO
OTOOpaHHBIX HABECOK CpeaHee COojaeprKaHue
reaomuorr  JIHK  cocraBmno  0,43+0,07%,

a JJsl BBIJENICHHBIX U3 UCXOIHO OOlIel HaBECKH —
0,67+0,05%.

Taxum obOpazom, OBIIIO IMoKa3aHo,
yTo perucrtpupyemas pgoias resHomHoi JHK
YeJI0BeKa B METarcHOMHOM 00paslie, BBIICICHHOM

n3 Kajla, MNOpaKTHYCCKU HE MCHACTCA AT
TCXHUYCCKUX MMOBTOPOB BHC 3aBUCUMOCTH
oT HCXOOHOTO KOJIM4YCCTBA OMOJIOTUYECKOIO

Marepuajsa M OT CTaJud HpelBapUTeSbHON
3aMOpO3KH, U He npeBbimaer 1% (puc. 2).

Bo BTOpO#i cCepur IKCIIEPUMEHTOB MBI OLIEHHIIN
BIMSIHUE DPA3HBIX METONOB BBIICJIEHUS TOTAJIbHON
JHK ©Ha oTHOcuTenbHOE cojep:KaHue TEeHOMHOMN
JHK uenoBeka 1o pesyiabraraM CEKBEHUPOBAHUS
¢parmeHTHeIXx ~ Oubnmorexk. B jmomonHeHue
K MeToay 1, HaMH OBUIM HCIOJIb30BaHbl emié MATh
BapuaHTOB »sKcTpakuuu JIHK, npuMeHseMmsx
B M3BECTHBIX paboTax MO0 METareHOMHOMY aHAaJIHM3Y
MUKPOOMOTHl KHIIEYHHKA. B memom, Bce 3Tu
METO/bl HampaBjJeHbl HAa MaKCHMAaJbHO IOJIHOE
paspylieHue  KIETOYHOW CTCHKH OaKTepHid,
npu 3ToM Bompoc coxpanHoctu JIHK uwemosexa
paHee He paccmarpuBaics. Merox 2 Oasupyercs
Ha HCTONB30BaHUM HabOopa mus Beyaenenus JTHK
u3 xana Stool Mini Kit (“Qiagen”) ¢ HEKOTOPBIMHU
MoAM(DUKAIMAMHE IPOTOKONA AL Oonee IMOJIHOTO
nu3uca 6akTepuabHBIX KIETOK, KaKk OMMCAaHO paHee
[9]. Metox 3, amanTHUPOBAHHBIM W3 IyOMUKAIHiA
koHcopumyma Metahit [2], mpemgycMmaTpuBaer
JIOTIOJTHUTEIbHYIO 00paboTKy BbiieneHHon JIHK
MTOJIMBUHUJIIUPPOJIMIOHOM JUISL yaajgeHus
W3 pacTBOpa MOTCHIUATHHBIX HHTHOWTOPOB
MOJUMEpPa3HON IEMHOW peaknuu. Meton 4,
npennaraemblii B pabore Turnbaugh et al. [4],
OCHOBBIBACTCS HAa MEXaHWYECKOH TOMOTCHHM3AIUN
obpasna B mpucyTcTBuM (enonma. Merton S
peanusyer MOAU(PUIIUPOBAHHBIN MIPOTOKOJI
Kurokawa et al. [14] seigenenus JHK ¢ nusucom
OaKkTepUadbHBIX KJICTOK JTH30LHMOM. Meton O,
onucanHbld Apajalahti et al. [12], mpeamonaraer
MpenBapuTeNbHOE yaaleHue U3 oOpasma dYacTh
MEXaHHYEeCKUX MpUMeced M NOTEHIHaIbHBIX
WHTHOUTOPOB (dhepMeHTaTHBHBIX peakuit
B pe3yNbTaTe M0CIe10BaTelbHbIX IPOMBIBOK.
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®parmMeHTHbIe GUGNMOTEKK

Pucynox 2. OtHOocutenbHOe coaepxanue reHomHon JIHK uenoBeka B aHanmm3upyemMoMm o0Opasie Kaia
10 pe3yibTraTaM CEKBCHHpOBaHHSA (parMeHTHBIX OmOmmorek TtorampHOW JIHK, momydeHHOW mTO pa3HBIM
MIPOTOKOJIAM 3KCTpakiuu. HarMeHoBaHUsT OMOIHOTEK TIPUBEACHBI B COOTBETCTBUH C TaOIHUIICH.

Kaxnpiii mpenapar TtotampHoW JIHK Obun
MIPOaHAIN3UPOBAH CCKBEHUPOBAHUEM (PparMEHTHBIX
oubnmuorex (HomMepa M2 - M6 B Tabmume).
Jdns  cepum o0Opas3noB kama, 00pabOTaHHBIX
IO MPOTOKONAaM 2 - 6, pETUCTPUPYEMOE OTHOCUTENTEHOE
conepkanue  reHomHodl  JJHK  cocraBuio
0,14+0,08%, urto Takke He mpeBbnano 1%
OT 00IIero YncIia KapTUPYEMbIX IPOoUTeHuil (puc. 2).

Cpenu MHOT'OYHCIICHHBIX Iy OJTHKATTHI
M0 METarcHOMHOMY  aHalM3y  MHKPOOHOTEI
KHUIICYHWKA Halle BHUMAaHHE MPHUBICKIA CEPHS
paboT, B KOTOPBIX HCCleAyeMbld oOpasel
Kajla  IOABEpPrajd  pasIUYHBIM  BapHaHTaM
MIPEIBAPUTEIHHOTO (PPAKIIMOHUPOBAHUS C LEIHIO
MOJIyYeHUS 06oraméHHoro npenapara
OakTepuanbHbIX KieTok [13, 16]. ABTOpHI
mpejJiaralii  Ha TMepBBIX JTamax o00padoTKu
Marepuaja  ygajuaTb M3 oOpasma  Kala
KaK TpyOble MPUMECH, TaK M BCE PACTBOPUMEIC
COCJIMHCHUS, BKJIFOYas CBOOOJTHYIO JHK,
C BO3MOXKHOCTBIO B JalbHEUIIEM padoTaTh TONBKO
¢ (paknueil HeNbHBIX KIETOK, MPEHMYIIECTBEHHO
OaktepuanbHbIX. COOTBETCTBEHHO, B TpETheH
CEepUU OIKCTIIEPUMEHTOB MBI IPOAHAIU3UPOBAIIH,

KaK CKaXXeTCs TaKOM TOAXoJq Ha BEIUYHHY
OTHOCHUTENBHOTO coaepxanusi reHomuon JIHK
YeJoBeKa IO  pe3ylbraTaM CEKBEHUPOBAHUS
(dparmeHTHBIX OMONMHOTEK. CBEXKUil oOpaser] kana
ObIT TOJABEPrHYT CEPHUH OTMBIBOK COIJIACHO
MeTony 7, omucaHHoMy y Jin-Long Yang et al. u
Martin Iain Bahl et al. [13, 16]. Ananoruunas
mpouexypa Oblla BBEIIONHEHAa i1 oOpasma
Kaja rocie ero xpaHenus npu -20°C B TedeHue
natu  paHed. llogBeprHyThie CEKBEHUPOBAHUIO
(dparMeHTHBIC OMONHOTEKH OBUIH TMPUTOTOBJICHBI
n3 ToransHoM JIHK, n3onnpoBaHHON M3 KIETOYHBIX
¢pakmuit  (Homepa M7 3, 4 wu F7 3, 4)
u u3 cynepHaranra (Homepa M7 1, 2 u F7 1, 2),
MOJIy4YeHHBIX NpU  00pabOTKE CBEXKEro u
3aMOPOKEHHOTO 00pa3loB Kana (Tabnuua).

B kneTowHBIX  (QpakmusAX, MOTYYECHHBIX
mpu  00pabOTKe CBEKEro MW 3aMOPOKEHHOTO
00pasmoB Kajla, OTHOCHTEIBHOE COACpIKAHHE

reaomaor JIHK genoseka cocrasuimo 0,13+0,04 u
0,13+£0,02, coorBercTBeHHO. B cBOIO oOYepens
B CyNEpHATaHTE, MOJTYYECHHOM NPH (OPMUPOBAHUH
KJIETOYHBIX OCAJKOB, PETUCTPUPYEMBIH IPOLEHT
JHK demoBeka OblT  CYNIECTBEHHO  BBIIIE,
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A0JIs1 JHK YEJIOBEKA B METAI'EHOMHOM OBPA3IIE

4eM B KICTOYHOW (pakimu, Kak s CBEXKETro,
TaKk ® Ui TPEABAPUTEIHHO 3aMOPOKEHHOTO
obpasma (puc. 2). Habmonaembiii eHOMEH MOXKET
OOBSCHSITHCS TIPHCYTCTBHEM B KaJle YEIOBEUCCKON
JHK B cBOOOIHOM COCTOSHHHM B pe3yJbTare
pa3pyLICHNUS SHTEPOIIUTOB B MPOLIECCE €CTECTBEHHOIO
OOHOBIICHHSI CITU3UCTON 00O0JIOYKH SITUTEIUSL.

CTOUT OTMETHTB, YTO MPOTOKOJ, PEaTU3yeMBbIil
HAMH KaK METOX 7, W3HAYalbHO IMpPEIrnojaraet
oTOpachlBaHUE CYNEPHATAHTA C IOCICIYIOIIHM
AHAJIN30M WCKIIOUUTEIFHO KJICTOYHOH (pakimm.
Takum 00pa3oMm, pETUCTPHPYEMBIM ITOBBIIICHHBIM
nporeHTHeiM  comepxanne JIHK  genomeka
B obpasmax M7 1, 2 u F7 1, 2 mpumeHHTENBHO
K METOJy B LEJIOM MOXHO MpeHeOpeyb.
B ocrampHOM MOXHO cHenaTh 3aKJIIOUYCHHE,
YTO TIO0 pe3yiabTaraM METareHOMHOTO aHalln3a
MOCPEJCTBOM  CEKBCHHPOBAHHS  (PpParMEHTHBIX
OulIMoTeK mpeABapUTeNbHOE (PAKLIHOHUPOBAHUE
oOpasma Kaa MOCJIeIOBATEILHBIM
HEHTPU(PYTUPOBAHUEM B HM30TOHUYECKHX Oydepax
coxpansier B kieTtouHbix ocaakax JHK (xmerkm)
YeloBeKa B KOJMYECTBAX, IPOMOPIHOHAIBHEBIX
ATOMY TTOKA3aTeIIo sl IENbHOT0 00pasiia Kajia.

3AK/IIOYEHHUE U BbBIBO/IbI

[Tony4yennsle B rpecTaBIEHHOM HCCIIEI0BAaHUN
SKCIEPUMEHTAJIbHBIE JaHHbIE JEMOHCTPUPYIOT,
qTO 0JIs T€HOMHOU JJHK 4elIOBeKa,
peructpupyemasi B oOpaslie Kajla Ha OCHOBaHUU
METareHOMHOT'0 aHaliu3a, MPaKTUYECKU HE 3aBUCUT
OT TPHUMEHSEMOTO  MPOTOKOJA  IKCTPAKIINHU
totainsHOi JIHK. 3HadeHwme maHHOTO MOKa3aTems
koseOeTcss B mpeaenax 1%, dYTo B IEIOM
COOTBETCTBYET 3HAUCHHSIM, MTOTy4YeHHBIM
JUISL TIOMYJISIIUM 3/10pPOBBIX kuTener Poccuiickoi
®enepaunn. COOTBETCTBEHHO, 3HAYUTEIHHOE
BO3pacTaHUEe »HTOTO TI0Ka3aTelsi MOXKET HUMETh
KJIMHUYECKYI0O M JIMarHOCTUYECKYI0 IIEHHOCTh
KaK TOTEHIHATbHBIH MapKep MaTOJOTHYECKUX
U3MEHEHUNW B CIM3UCTOM OO0OJIOUYKE KHIIIEYHHKA
U TpeOyeT MajdbHEHIIEero M3ydyeHHUs Ha BBIOOpKax
[aIEeHTOB C pPa3IUYHBIMU IaTOJIOTUSIMU
JKEITY/IOUHO-KHUIIIEYHOTO TPaKTa.

Hannoe  uccneoosanue  ocyuecmensiocsh
3a cuém cpeocms 20CyO0apcmeeHH020 KOHMPAKmMd
NeRFMEFI60414X0119 npu Gunancosoil
noooepoicke eocyoapcmea 6 auye MunobpHuaku
Poccuu, ¢ ucnonvzosanuem  o0bopyoosanus
Medsicoucyunaunapnozo LKII Kasawnckoeo
Dedepanvroeo (Ilpusondcckoeo) Yuusepcumema.

JIONIONHUTENBHBIC MATEPHATBl U MPUIOKCHUS
CBOOOMIHO JJOCTYIHEI B 3JIEKTPOHHOH BEPCUU CTAThU
Ha caiiTe XypHaua.
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VARIABILITY IN THE RELATIVE QUANTITY OF HUMAN DNA RESULTED
FROM METAGENOMIC ANALYSIS OF GUT MICROBIOTA

E.S. Kostryukova"?, LY. Karpova", A.K. Larin"’, A.C. Popenko’, A.V. Tyaht', E.N. Ilina’

'SRI of Physical-Chemical Medicine Federal Medical & Biological Agency,
la, Malaya Pirogovskaya str., Moscow, 119435 Russia; e-mail: el-es@yandex.ru.
’Kazan Federal University, Kazan, Russia
*Moscow Institute of Physics and Technology, Moscow, Russia

We conducted the comparative study of seven different methods of total DNA extraction from
human feces. All these methods are recommended in protocols for metagenomic analysis of human gut
microbiota. We studied the relative quantity of human DNA calculated from shotgun sequencing
on a SOLiD 4 genetic analyzer of metagenomic samples. It was shown that either initial amount of feces
or a method applied for total DNA extraction do not affect on final relative human DNA abundance,
which is less than 1% in healthy people. Invariance of this parameter allows to consider increased
abundance of human DNA in metagenomic samples as a potential marker of inflammatory bowel diseases.

Key words: metagenomic analysis, shotgun sequencing, DNA extraction from feces.
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