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Momusayus u yerp: MuKpoOMOM KHIICYHHKA SBISETCS ONHUM W3 KPYHMHEHIINX
OaKTepranbHBIX COOOIIECTB B YEJIOBEUECKOM OPraHM3ME U BIMSIET KaK Ha MOAEpKaHNe
3M0pOBBS, TaK W Ha pa3BUTHE pa3NWYHBIX 3abomeBanuit [1]. M3BecTHO, dHTO
KOMMEHCaIIbHbIE OaKTepUH, TaKKe Kak OMPUI00aKTepHH U JTaKTOOAIMIIIBI, OKAa3bIBAIOT
071aroTBOpHOE BIHMSHUE HAa COCTOSIHME OpPraHu3Ma XO35IMHA, MOIYJIHMPYS HMMYHHbIE
peaknMu, YKpeIulAs KHUIIeYHBIH Oapbep M MOJABIsAA POCT  NATOTCHHBIX
MUKpoopranu3MoB [2]. Takum oO6pa3oM, U3ydeHnEe MUKPOOHOTHI KUIIIEYHHUKA SBISIETCS
B2)XHOM M TMEPCIIEKTUBHON 00JIACThIO HCCIIEAOBAaHHUNA. TEXHONOTHH CEKBEHHUPOBAHHS
HOBOTO IIOKOJICHHS NPOM3BEIN PEBOJIOLMIO B HM3YYE€HHMM MHUKPOOHMOTBHI, TaK KakKk C
MOMOIIIbIO HUX ObLIA MOJTy4eHa JieTallbHas HH(OpPMAIIUs 0 MUKPOOHBIX co00IecTRax. B
nocjegHre ToAbl ObLI JIOCTUTHYT OOJNBIION Mporpecc B OIpPENeNICHMH COCTaBa
OaKkTepUaNbHBIX  COOOIIECTB KHILIEYHHKA OJjarojapsi pPa3BUTHIO  TEXHOJIOTUH
CEKBEHHPOBAHUS C UCIOIb30BAaHUEM NIPHOOPHBIX KOMIUIEKCOB PA3IMYHBIX THIIOB TAKUX
kak Illumina u Oxford Nanopore Technologies (ONT). OcHOBHBIMH METOXAMH IS
UACHTH(QHUKALUT MUKPOOHBIX COOOILIECTB CIIy>KaT aHaJU3 ITOCIIEI0BATEIbHOCTH T'eHa
16S pPHK u monnorenomuoe cexBenupoBanue (Whole genome sequencing (WGS)).
Lens nmaHHOTO WCCIEIOBAaHUS 3aKIIOYacTCs B HW3YyYCHHH BO3ICHUCTBHS INTAMMOB
Lacticaseibacillus rhamnosus K32 u Bifidobacterium adolescentis 150 va mukpooduory
KULIEYHUKA MBIIIEH, a TaKkKe CpaBHEHHE METOJI0B CEKBEHHPOBaHMA Ha mardopmax
lllumina u ONT mns ompenenenus Hambosiee 3(hGEKTHBHOTO IMOAX0Aa K aHAIM3Y
COCTaBa MUKPOOHOTHI KMIIICUHUKA.

Memoowr u ancopummur: 36 camok Mpimei auaun C57BL/6 Obuim mpuoOpeTeHbl B
¢mmane «CtonboBas». JKUBOTHBIX coliepKajli B KapaHTHUHE B TeueHue 14 nHei, 3areMm
WX CIIy4alHBIM 00pa3oM pa3JeNIWiId Ha TPH TPYIIBI: KOHTPOJBbHAS TPYIIA; MBIIIH,
MOJyYaBIIMe JIAKTOOANMIUIBI; MBIIIM, Moiy4aBmue Oudumodakrepun. OOpasisl
(exanuii Mpleil cooupany B cTepuibHbIN snnenaopd Ha 0, 5, 8, 12, 15, 19, 21, 25,
28 man skcniepuMmenta. OOpasipl xpanwiau npu  Temreparype —80 °C. [lramm
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L. rhamnosus K32 (GenBank JNNV00000000) BeIpariuBaiy B aHa3pOOHBIX YCIOBHUSIX
(10 % CO2, Anaerobic System Mark II, HiMedia, Mym6au, Muawms). Hlramm
B. adolescentis 150 (GenBank LBHQO00000000) Takke BbIpalldBaid B aHadpOOHBIX
ycnoBusx ¢ nobasinenueM 0.5 % nucremHa. lltaMMbl KyJIbTUBHPOBAIM IIPH
temneparype +37 °C Ha cpene MRS (HiMedia). JIHK Beiaensiu ¢ UCIONb30BaHUEM
mabopa PureLink™ Microbiome DNA Purification Kit (Thermo Fisher Scientific,
CIIA) u Wizard Genomic DNA Purification Kit (Promega, CIIA). JHK
aMIITUGUIIPOBAIIY ¢ UCHONb30BaHKeM npaiiMepoB 27F, bif27F, 8F, 1492R ¢ momobio
Habopa Tersus Plus PCR B 25 mki. bubnuoreku myist ONT rOTOBHIIUM B COOTBETCTBUU C
mporokomom (Ligation sequencing amplicons). CexsenupoBanme reHa 16S rRNA
npoBommi Ha tiaarpopme MinlON na sueiike R9.4.1 (FLO-MIN106; ONT).
Hcnonb3oBanock mporpammuoe obecneueHrne MINKNOW Bepcuun 22.12.7 (ONT).
IMoaroroeka OubOmnoreku Ha peruoH V3-V4 rema 16S pPHK u cexBenupoBaHue
MIPOBOAMINCH B COOTBETCTBHM ¢ IpoTokosioM Illumina [3]. Jlas momroroku WGS
oubmmorex wucnons3oanu 100 ar JHK u na6op KAPA HyperPlus Kit (Roche,
[seiinapust). CexBenuporanue JIHK-0ubnmorex mpoomwim Ha miatdopme HiSeq
2500 (Illumina, CIIA) B COOTBETCTBUH C PEKOMEHIAIMSIMH IIPOU3BOIUTEIS, UCIIONB3YS
cienyromue Habopsl pearentoB: HiSeq Rapid PE Cluster Kit v2, HiSeq Rapid SBS
Kit v2 (200 muknoB) u HiSeq Rapid PE FlowCell v2 u 2 % PhiX. JlnuHHBIC puUIIbI
MOJTydad ¢ MOMOIIbl0 cekBeHnpoBanns Ha PromethlON (ONT), BenukoOpuranus)
COIJIACHO MpOTOKONy mpousBoautens, ¢ peareHTamu NEB. IlomxyueHHble puibl
oOpabatbiBany ¢ ucnons3oBanueM Guppy v6.5.7. ¢ HMCHONB30BaHHEM CTaHIAPTHBIX
napamerpoB. Fastp wucmonp3zoBamu ans OoOpe3KH IOCIIEAOBATEIbHOCTEH HHU3KOIO
KadecTBa W (QUIBTPaLMU TEXHHUUYECKUX IOCeNoBaTeNbHOCTEH [4]. AHanu3 maHHBIX
npoBOAWIN ¢ ucnoib3oBanueM DADA?2 pipeline [5] u 6a3p1 ganneix SILVA [6].
Pa3nuuuns Mexay CHKBEHCOBBIMH TEXHOJIOTHSIMH OTIpeAessiin ¢ momonibio LefSe [7].

Pezynomamwi: B xome okcmepuMeHTa  ObUIO  MCCIEOOBAHO BIUSIHHE —JBYX
npobroTHYecKux mrammoB, L. rhamnosus K32 u B. adolescentis 150, Ha kuieuHyro
Mukpobuotry wMmbimeli smHMM C57BL/6. M3meHenus OakTepuaqbHOTO COCTaBa
OIICHMBANM MyTeM cekBeHupoBaHus reHa 16S pPHK u WGS na aByx mmatdopmax —
llumina u ONT. [Ins cexBenupoBanust rerna 16S pPHK na ONT wucronb3oBamu
5 U3BECTHBIX KOMOWHAIMH MpaMepoB, W MPOBOJWIN CPaBHUTEIbHBIA aHAIN3
3¢ EeKTUBHOCTH OTpeeNieHHs OaKTepHabHOIO Pa3HO00pa3usi C MOMOLIBIO JTaHHBIX
koMOmHanuid. Bce 5 wuccrnenyembix komOwHanuii mpaiimepoB Ha reH 16S pPHK
MO3BOJIMJIM BBISIBUTH COMOCTAaBUMOE aib(a-pazHooOpasre KWUIICYHOH MHUKPOOHOTHI
MbIIel. MBI IPOBENH MOMapHOE CPAaBHEHNE JAHHBIX, TIOYYEHHBIX C pa3HbIX TIAaTGopm
JUTsI CEKBEHUPOBaHUS U ¢ pazHor ncxoaHor JIHK (oObrdHas U BEICOKOMOJIEKYIISIPHAS).
Pe3ynbpTaThl HcciegoBaHUA JEMOHCTPHUPYIOT BBICOKYIO CTEIEHb KOPPEISLUH MEXIY
JAHHBIMH, TIOJYYEHHBIMH C OJHOM TUIATQOPMBI M C pa3HbIM TUIIOM ucxonHou JTHK.
Onnako nanueie WGS, nonydennsie ¢ miardopm Illumina u ONT, umeror BbiCOKHii
YPOBEHb CXOJICTBAa. B 1e7I0M, MCIOJIb30BaHHE KOMOWHHPOBAHHBIX IAHHBIX C IBYX
aThopM CEKBEHHPOBAaHHSA TIO3BOJISIET 0Oojiee IOJHO H TOYHO OICHUBATH
OakTepuabHOE pa3Ho0Opasue B aHAIM3UPYEeMbIX 00pa3iiax. Beejpenue OakTepraibHBIX
mrammoB L. rhamnosus K32 u B. adolescentis 150 3HaunTe bHO BIUSET Ha COCTaB
MUKpOOMOTHl y wMbImei. CTaTUCTHYeCKH aHalmW3 C HCIIOJNb30BAaHUEM HHAEKCA
[IlenHOHa BBIABHJI CYIIECTBEHHBIE PA3JIMYM MEXKIYy KOHTPOJIBHONW TIpynnou H
IpyInaMy, KOTOPBIM BBOJMIM JMOQUIM3HPOBAHHBIE KYyJIbTYPhl 3THX IITaAMMOB.
Habnronaemoe yBenndeHue anbga-pasHooOpazus B HKCHEPUMEHTAIBHBIX TpyIIax
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MOJKET CBHJICTEIBCTBOBATH O IMOTEHIIMATBHO OJArONPHATHOM BIHSHUW JICUCHHS Ha
MHUKPOOHOTY KHIIICUHHKA. B X071e KOMIUIEKCHOTO MCCIIEC0BAHMS MUKPOOUOTHI MBIIICH,
KOTOpbIM BBOAMM mrammel L. rhamnosus K32 u B. adolescentis 150, 6110 mmokasato,
4To 00a MTaMMa OKa3bIBAIOT MOJIOKUTEIBHOE BIUSHAE HA MUKPOOUOTY KHIICYHHKA.
[TpuMeyaTensHO, YTO BBEJACHHE STHX IITAMMOB MPHBEIO K 3aMETHOMY YBEIUYCHHIO
nonyysiuA - poxa Anaerotignum, Bkimrodas Takue BHABI, Kak Anaerotignum
lactatifermentans, Anaerotignum aminivorans u Anaerotignum faecicola, xortopsie
W3BECTHBI BBIPAOOTKOW IIOJIC3HBIX META0OJIMTOB, OKa3bIBAIOIIUX OJIaroTBOPHOE
BIUSHUE Ha NHIICBApPCHUE. MPONMOHATa, arerara u Oytupara [8, 9]. Taxxke B
KHIIEYHUKE MBIIIEH, TOTYJIaBIINX JIAKTOOAMILTEI U OM(HI00aKTepru, HA0II0IAI0Ch
3HauMTeNbHOE yBenuueHue Bacteroides acidifaciens, kotopas MojkeT crioco6CTBOBATH
YCUJICHUIO OapbepHOW (YHKIMH KHIIEYHWKA W CHIKEHHIO HWHTCHCHBHOCTH
BOCIIAJIMTENIBHEIX TTporeccos [10, 11].

Buisoovl: HaOmomaemple HW3MEHEHHS B COYCTAaHMM ¢ OOmMUM  (DH3HUYECKUM
CaMO4YyBCTBUEM MBIIIEH CBHUACTCIBCTBYIOT O 6HaFOTBOpHOM BIIMAHHUU BBCIACHHBIX
OakTepranbHbIX KynbTyp L. rhamnosus K32 u B. adolescentis 150 Ha 3mopoBse. [lanHoe
WCCIIC/IOBAHNE  TMOMYCPKUBACT  BAXKHOCTh  BBHIOOpA  TMOAXOJSINUX  CTPATETHH
CCKBCHHUPOBAHUA JUJISL TIIATCIIBHOI'O H3y4YCHUA MI/IKp06I/IOMa. HUcnons3oBanue
THOPHUIHOTO MOAX0/Aa K COOpPKE YBEIHYHMBACT KOJHMYECTBO HACHTU(UIIMPOBAHHBIX
KOHTHUTOB.

Qunancuposanue. ViccienoBaHue BBIIOJIHEHO 3a CUET I'paHTa POCCHIICKOro Hay4yHOTO
donma Ne 23-75-10125 https://rscf.ru/project/23-75-10125/.
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Motivation and Aim: The gut microbiome is one of the largest bacterial communities in
the human body and influences both health maintenance and the development of various
diseases [1]. It is known that commensal bacteria, such as bifidobacteria and lactobacilli,
have a beneficial effect on the host's health by modulating immune responses,
strengthening the intestinal barrier, and suppressing the growth of pathogenic
microorganisms [2]. Therefore, the study of the gut microbiota is an important and
promising field of research. Next-generation sequencing technologies have
revolutionized the study of microbiota, providing detailed information about microbial
communities. In recent years, significant progress has been made in determining the
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composition of gut bacterial communities thanks to the development of sequencing
technologies using various types of instrument platforms such as Illumina and Oxford
Nanopore Technologies (ONT). The main methods for identifying microbial
communities are 16S rRNA gene sequencing and whole-genome sequencing (WGS).
The goal of this study is to investigate the impact of strains Lacticaseibacillus rhamnosus
K32 and Bifidobacterium adolescentis 150 on the gut microbiota of mice, as well as to
compare sequencing methods on the Illumina and ONT platforms to determine the most
effective approach for analyzing the composition of the gut microbiota.

Methods and Algorithms: Thirty-six female C57BL/6 mice were acquired from the
“Stolbovaya” branch. The animals were kept in quarantine for 14 days, after which they
were randomly divided into three groups: a control group; mice receiving lactobacilli;
and mice receiving bifidobacteria. Mouse fecal samples were collected into sterile
Eppendorf tubes on days 0, 5, 8, 12, 15, 19, 21, 25, and 28 of the experiment and stored
at —80 °C. The strain L. rhamnosus K32 (GenBank JNNV00000000) was cultured under
anaerobic conditions (10 % CO2, Anaerobic System Mark 11, HiMedia, Mumbai, India).
The strain B. adolescentis 150 (GenBank LBHQO00000000) was also cultured under
anaerobic conditions with the addition of 0.5 % cysteine. Both strains were cultivated at
+37 °C in MRS medium (HiMedia). DNA was extracted using the PureLink™
Microbiome DNA Purification Kit (Thermo Fisher Scientific, USA) and the Wizard
Genomic DNA Purification Kit (Promega, USA). DNA was amplified using primers
27F, bif27F, 8F, and 1492R with the Tersus Plus PCR kit in a 25 pl reaction volume.
Libraries for ONT were prepared according to the ligation sequencing amplicons
protocol. 16S rRNA gene sequencing was performed on the MinlON platform using the
R9.4.1 flow cell (FLO-MIN106; ONT) with MINKNOW software version 22.12.7
(ONT). The preparation of libraries targeting the VV3-V4 region of the 16S rRNA gene
and sequencing were conducted according to the lllumina protocol [3]. For WGS library
preparation, 100 ng of DNA was used with the KAPA HyperPlus Kit (Roche,
Switzerland). DNA library sequencing was performed on the HiSeq 2500 platform
(Illumina, USA) following the manufacturer's recommendations using the HiSeq Rapid
PE Cluster Kit v2, HiSeq Rapid SBS Kit v2 (200 cycles), and HiSeq Rapid PE Flow Cell
v2, with a 2 % PhiX spike-in. Long reads were generated using PromethlON sequencing
(ONT, UK) according to the manufacturer's protocol with NEB reagents. The reads were
processed using Guppy v6.5.7 with standard parameters. Fastp was used for trimming
low-quality sequences and filtering technical sequences [4]. Data analysis was
conducted using the DADAZ2 pipeline [5] and the SILVA database [6]. Differences
between sequencing technologies were identified using LefSe [7].

Results: During the experiment, the impact of two probiotic strains, L. rhamnosus K32
and B. adolescentis 150, on the gut microbiota of C57BL/6 mice was investigated.
Changes in the bacterial composition were assessed through 16S rRNA gene sequencing
and whole-genome sequencing (WGS) on two platforms — lllumina and ONT. For 16S
rRNA gene sequencing on ONT, five known primer combinations were used, and a com-
parative analysis of the effectiveness of these combinations in determining bacterial di-
versity was conducted. All five primer combinations for the 16S rRNA gene allowed for
the detection of comparable alpha-diversity in the gut microbiota (GM) of the mice.
Pairwise comparisons of data obtained from different sequencing platforms and from
different types of DNA (standard and high molecular weight) were conducted. The re-
sults demonstrate a high degree of correlation between data obtained from the same plat-
form with different types of starting DNA. However, WGS data obtained from Illumina
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and ONT platforms show a high level of similarity. Overall, using combined data from
two sequencing platforms allows for a more comprehensive and accurate assessment of
bacterial diversity in the analyzed samples. The introduction of bacterial strains L. rham-
nosus K32 and B. adolescentis 150 significantly influences the composition of the mi-
crobiota in mice. Statistical analysis using the Shannon index revealed significant dif-
ferences between the control group and the groups that were administered lyophilized
cultures of these strains. The observed increase in alpha-diversity in the experimental
groups may indicate a potentially beneficial effect of treatment on gut microbiota. In the
comprehensive study of the microbiota of mice administered strains L. rhamnosus K32
and B. adolescentis 150, it was shown that both strains have a positive impact on the
GM. Notably, the introduction of these strains led to a significant increase in the popu-
lation of the genus Anaerotignum, including species such as Anaerotignum lactatifer-
mentans, Anaerotignum aminivorans, and Anaerotignum faecicola, which are known for
producing beneficial metabolites that positively affect digestion: propionate, acetate, and
butyrate [8, 9]. Additionally, in the intestines of mice that received lactobacilli and
bifidobacteria, there was a significant increase in Bacteroides acidifaciens, which may
enhance the barrier function of the intestine and reduce the intensity of inflammatory
processes [10, 11].

Conclusion: The observed changes, combined with the overall physical well-being of
the mice, suggest a beneficial impact of the introduced bacterial cultures L. rhamnosus
K32 and B. adolescentis 150 on health. This study highlights the importance of choosing
appropriate sequencing strategies for thorough microbiome research. The use of a hybrid
assembly approach increases the number of identified contigs.

Funding: Financial support for this study was provided by the Russian Science
Foundation under the grant number Ne 23-75-10125 https://rscf.ru/project/23-75-10125/.
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