doi 10.18699/bgrs2024-8.4-08

Onrummn3anus OnonHpopMaTnyeckoi 00padOTKU JAHHBIX
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Momusayus u yenv. B nocienHue NecsTUIETUS TEXHOJIOTMH CEKBEHUPOBAHUS HOBOTO
MIOKOJIGHUSI CYIIECTBEHHO IOBIMSUIM Ha HCCIEAOBAaHMS MHKPOOMOMa YeJIOBEKa,
MO3BOJISAA JIydlle TOHSATh M OXapaKTepu30oBaTh B3aUMOACHCTBHA MHKpoOHMOMa H
xo3smHa. [lockombky  OOJNBIIMHCTBO BUAOB  KHUILIEYHBIX MHUKPOOOB  TPYIHO
KyJIETUBUPOBATh, U1 HM3YYEHHUS] KHIIEYHOIO MHMKPOOMOMa LIMPOKO IPUMEHSIOTCS
TEXHOJIOTHH CEKBEHHUPOBAHUS «HOBOT'O» mokojeHus, Bkiaoydas 16S pPHK, 18S pPHK,
CEKBEHHPOBAaHUE BHYTPEHHEro TpaHckpubOupyemoro creiicepa (ITS), merarenomHoe
CEKBEHHPOBAaHUE METOAOM IPOOOBHKA, METATPAHCKPUITOMHOE CEKBEHHPOBaHHE U
BUPOMHOE CeKBeHHpoBaHHUe. llenpio uccnenoBaHus SBISUIACh ONTUMM3ALUS aHANIN3a
JaHHbIX  16S  CEKBEHUPOBAHWUS  MUKPOOHMOTHI ~ KWIICYHHWKA  TAlUEHTOB  C
OHKOT€MaTOJIOTUYECKUMH  3a00J€BaHUSMH €  IIOMOLIBIO  pa3pabOTaHHOTO
mporpammHoro pecypca MicrobiotaAnalysisToolkit.

Memoowr u arecopummer: MarepuanoMm AJisl UCCIIEAOBAHUS MOCTYX WU fastq Qaiisl,
MOJy4eHHBIE B pe3ysibTare MapHOKOHIEBOr0o NGS CeKBEHHPOBaHUS MHUKPOOUOTHI
KHIIEeYHnKa 24 370pOBBIX JeTedl M 43 TaIlMeHTOB C BPOXACHHBIMH Je(eKTaMu
nmmyHHO#M cuctemsl (ITM/]) ¢ momomkto iargopmel [llumina Miseq (v3 600 1iukioBs).
Buonnpopmarnueckas oOpaboTKa AaHHBIX MPOBOJMIACH C HCIOJB30BAHHEM S3BIKA
Python. B ocHoBe pabotel mporpammuoro pecypca MicrobiotaAnalysisToolkit —
kouBeriep DADA?2. HaznaueHne TakCOHOMUHU TIPOBOIMIIOCH C TIOMOIIBIO 0a3bl TaHHBIX
SILVA u Greengenes.

Pesynomamsi: Meton 16S CceKkBeHHpOBaHWS KHIIEYHOH MHUKPOOMOTHI BKIFOYAET
MHOXECTBO 3TaloB: 3a00p MaTepuaia y naumeHtoB, Boiienenune JHK u moarorosky
OubimoTekn Ui CEKBEHUPOBAHUS, HETIOCPE/ICTBEHHO  CEKBEHHPOBAHUE,
OnonH(MOPMATUIECKYIO H CTATUCTUIECKYI0 00paboTKy [1].

bruonnpopmannonnas 06paboTKH JaHHBIX METar€HOMHOI'O CEKBEHUPOBAHHUS BKIIIOYAET
ciemyromue 3tamsl (puc. 1):

1. VY nanenue agantepos, QUIbTPANNS U JEeMYJIbTHITICKCHPOBAHIE IPOUTCHUH.

2. ®opmupoBaHue 00ydarolIel BHIOOPKH U TIOCIeAyolee 00ydeHne MOJETH Ha OCHOBE
anropuTMa HauBHOTo baifeca aist Kimaccudukanuy TAKCOHOMHYECKON MPUHAIIEKHOCTH
3. [IpucBoeHUE TAKCOHOMUH ¢ MTOMOIIIBIO 0a3 ganHbIX GreenGenes u SILVA.

4. ITocTpoeHue CBOIHBIX TPaUKOB U TAOIHIl HA OCHOBE MOJYYEHHBIX PE3YJIbTATOB.
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Puc. 1. Anroput™ aHanm3a JaHHBIX cekBeHHpoBaHuUs 16S pPHK
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J1nist oCcyIeCTBICHUS ATAIOB OLICHKH Ka4eCTBa M (PUIIbTPAIIMU JaHHBIX CCKBCHUPOBAHHMS
ucrnonb3oBad anroput™m DADA?2, B uactHoctu mmiarua (2-dada2. Jlns paboTel ¢
HAapHOKOHIICBBIMH JIAHHBIMH CEKBCHHpOBaHUWs, B IuiaruHe (2-dada2 wcnosb3oBaH
noamomynnb denoise_paired. Tlpu maHHBIX BBOJHBIX MapaMeTpax  BBIMOIHSIIN
(GUIBTPALMIO TIO0 Ka4eCTBEHHOMY IIPH3HAKY, MPOBEPsUT OMOIMOTEKY Ha HAIMYUC
XMMEPHBIX OCJIIOBATETBHOCTEH M 00 BEIMHSIN TAPHOKOHIIEBBIE IPOYTEHHUS B € IUHBIN
IyJT TaHHBIX.

Il paboter moamoyiist denoise_paired TpeboBaiachk HACTPOWKA MAPAMETPOB, KOTOPHIC
nogoOpanu smnupudecku. s ucmonb3yemoro Habopa AaHHBIX (Ooiee deM U3
30 manmeHToB) yAajaoch BBIICIUTH PsiJi ApaMETPOB, KOTOPHIE MO3BOIMIN YIyYIINTH
KaueCTBCHHYIO XapaKTepUCTUKy HaOopa maHHbIX: p-trim-left-f wu p-trim-left-r
(mapameTpbl yKa3bIBAIOUIME CKOJBKO HYKJICOTHIOB HEOOX0AMMO yOpaTh ¢ Havaia
KaXIoro (gpparMeHTa, sl IPSIMBIX B OOPaTHBIX MMPOUYTEHUH COOTBETCTBEHHO), P-trunc-
len-f u p-trunc-len-r (mapameTpbl yka3bIBaroIUe CKOJIbKO HYKICOTHIOB HEOOXOAUMO
OCTaBUTb, JJIsl IPSMBIX M OOPATHBIX MPOYTEHHI COOTBETCTBEHHO), P-min-fold-parent-
over-abundance (mapameTp YKa3bIBAIOIIHH MHUHHMAJIBHOE KOJINIECTBO
HEePEKPBIBAIONINXCS HYKJICOTHIOB, HCIOIB3YeTCS NMPHU 00BbEAMHEHUH TTapHOKOHIEBBIX
npouteHuid), p-max-ee-f u p-max-ee-r (mapameTpsl ONPENEIIAIOIINEe MAaKCUMAaTbHOES
KOJINYECTBO BO3MOXKHBIX HECOOTBETCTBHHM TNpH OOBCAMHEHHH MpOYTeHUi). B
JaTbHEHIIIEM HCIIONIb30BAIM OOYYEHHYI0 MOJETh Ha OCHOBE AJTOpUTMa HAaWBHOTO
Baifeca mns xmaccupukanuy TaKCOHOMUYECKOW MPUHAIIEKHOCTH CHOPMUPOBAHHBIX
paHee MoclieI0BaTeIbHOCTEH.

3aBepIIaroIuii 3Tal MPUCBOCHUE TAKCOHOMUH IPOBOAMIIM C HCIIOJIB30BAHUEM JIBYX
nmoctynHbix 0a3 maHHBIX: SILVA mmm Greengenes. OmpefeneHne 3TanoHHOW 0Oasbl
JAHHBIX MOJXKET CYIISCTBCHHO TIOBIHMATh HAa BCE pe3yJbTaThl aHANW3a: MpOILECC
TPYIIUPOBKH/KIACTEPU3ALUH OaKTepuil B 3HAYUTEIBHOW CTENECHH TPHBSA3aH K
BEIOpaHHOH 3TANOHHOW 0a3e JaHHBIX, YTO HAMPSAMYIO BJIEUET 32 COOOM PHUCK MOTydeHUS
NPOTUBOPEYMBBIX PE3YJIbTATOB IIPHU MPSIMOM cpaBHeHHH (puc. 2) [2, 3].
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Puc. 2. TakcoHOMUUYECKHI COCTaB MUKPOOMOTHI KHIIEYHUKA Ha YPOBHE CEMEHCTBA 3/J0POBBIX
JIMI ¥ TALIMEHTOB C BPOXKJICHHBIMU Ae(PEKTaMU HMMYHHOW CHCTEMBI
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[TpolleHT MACHTUYHOCTH TPYNIHPOBKH TAaKKE WIPACT BAXKHYIO POJIb, MMOCKOJNBKY U
Greengenes, u SILVA o0ecnieunBaioT pa3Hble YpOBHU WACHTHYHOCTH, MIpU 3ToM 97 %
SBISIETCS. HawOosee TOMYJSIPHBIM K OOIICPUHSATBIM: CUYMTACTCS, YTO IITAMMBEI,
IIPUHAAJICKAIME K ONHOMY U TOMY XK€ BuAy Oakrepuil, umeroT pasHuy < 3 % B ux
nocneaoBatensHocTr 16S pPHK.

Br16op 0a3pl MaHHBIX BIHMSET HE TOJHKO Ha TaKCOHOMHYECKHM cocTaB (0OCOOCHHO Ha
YpOBHE pona), HO W Ha Bce (DMIOTEHETHYECKHE OICHKH, KaK Ha METPUKH anb(da-
pa3HooOpa3us, TaKk M Ha paccTOsHMs OeTa-pasHO0Opasusi, MOCKONBKY Kaxknas Oasza
JAaHHBIX UMEET CBOW ONpeACICHHBIH MHOXECTBEHHO-BHIPOBHEHHBIN ATaJOHHBIN Ha0OD
B Ka4eCTBE PYKOBOJICTBA I10 COCTABJICHUIO (PHIOTCHETHYECKOTO JIepeBa.

Crenyrommii mar — 3To BBIYMCICHUE psiia OOLINX MMoKa3arenel pazHooOpas3us B HalIen
¢byHKIHoHaNbHOM TabuIe. Jis 3TOro NCoNnb30BaH miarkH core-metrics-phylogenetic
Y TIaHTIIaiH, IPEACTABISIIONIIN co00i Habop pa3nuaHbIX kKoMaH it QIIME2.
Bvi6oowi: JIns ocyliecTBICHHs MPOIEIyphl METATCHOMHOTO aHAIN3a, HEOOXOIMMO
06Ha):[aTI) 3HaAaHUSIMU B O6HaCTI/I MCIUIMHBI W TPOrpaMMHpPOBAaHUsA, CHUCTCMHOI'O
AJIMUHUCTPUPOBAHUSA, a TAKKE PAd Y3KOCIICHHUATIU3UPOBAHHBIX HABBIKOB U3 O6HaCTI/I
OnonH(MOPMATHKY, MaTEMATUYECKOr0 MOJCIUPOBAHHUS W CTATUCTHKH, 4YTO B
3HAYUTENFHOW CTENEHH YBEIUYMBACT HEOOXOAWMBIH YypOBEHb KBAIH(UKAIMH
cnenuanicta. B cBOl ouepens, WCIONB30BaHWE MpeAsiaraeMoro Bebd-pecypca,
MO3BOJISICT ABTOMATH3MPOBaTh BCE OIMMCAHHBIE paHee OJTambl 00paboTkH — B
3HAYHUTENLHOW CTETICHH CHU3WUB YPOBEHb BXOXKJCHHS U, YTO HEMAIIOBAXKHO, TTOBLICUB
yI00CTBO U CKOPOCTh OOpa0OTKM, TaK KaK KOHEUYHOMY II0JIH30BATEII0 HEOOXOAMMO
JUIIb 3arpy3uTh JaHHBIE depe3 rpadudeckuii nHTepdeic, BEIOpaTh U3 BCTPOSHHOTO
MepevHsT HeOOXOIMMbIE TTApaMEeTPhl M HAXKATh KHOIIKY 3aIyCKa.

Optimization of bioinformatics analysis
of 16S sequencing data of gut microbiota
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Motivation and Aim: In recent decades, next-generation sequencing technologies have
significantly impacted human microbiome research, allowing for a better understanding
and characterization of microbiome-host interactions. Because most gut microbial
species are difficult to culture, “next-generation” sequencing technologies, including
16S rRNA, 18S rRNA, internal transcribed spacer (ITS) sequencing, metagenomic
shotgun sequencing, metatranscriptome sequencing, and virome sequencing, have been
widely used to study the gut microbiome. The purpose of the study was to optimize the
analysis of 16S sequencing data of the intestinal microbiota of patients with
oncohematological  diseases  using the  developed software  resource
MicrobiotaAnalysisToolkit.

Methods and Algorithms: The material for the study was fastq files obtained as a result
of paired-end NGS sequencing of the intestinal microbiota of 24 healthy children and
43 patients with inborn errors of immunity (PID) using the Illumina Miseq platform (v3
600 cycles). Bioinformatics data processing was carried out using the Python language.
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The operation of the MicrobiotaAnalysisToolkit software resource is based on the
DADA2 pipeline. Taxonomy assignment was done using the SILVA and Greengenes
database.

Results: The 16S intestinal microbiota sequencing method includes many stages:
collecting material from patients, DNA extraction and library preparation for
sequencing, sequencing itself, bioinformatics and statistical processing [1].
Bioinformatics processing of metagenomic sequencing data includes the following steps
(Fig. 1):

1. Removing adapters, filtering and demultiplexing reads

2. Formation of a training sample and subsequent training of the model based on the
Naive Bayes algorithm for taxonomic classification

3. Taxonomy assignment using GreenGenes and SILVA databases.

4. Construction of summary graphs and tables based on the results obtained.
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Fig. 1. Algorithm for analysis 16S rRNA sequencing data

To carry out the stages of quality assessment and filtering of sequencing data, the
DADAZ2 algorithm, in particular the g2-dada2 plugin, was used. To work with paired-
end sequencing data, the g2-dada2 plugin uses the denoise_paired submodule. With
these input parameters, filtering was performed based on qualitative criteria, the library
was checked for the presence of chimeric sequences, and paired-end reads were
combined into a single data pool.

For the denoise paired submodule to work, it was necessary to configure parameters that
were selected empirically. For the data set used (more than 30 patients), it was possible
to identify a number of parameters that made it possible to improve the qualitative
characteristics of the data set: p-trim-left-f and p-trim-left-r (parameters indicating how
many nucleotides need to be removed from the beginning of each fragment, for forward
and reverse reads, respectively), p-trunc-len-f and p-trunc-len-r (parameters indicating
how many nucleotides need to be left, for forward and reverse reads, respectively), p-
min-fold-parent-over- abundance (a parameter indicating the minimum number of
overlapping nucleotides, used when merging paired-end reads), p-max-ee-f and p-max-
ee-r (parameters defining the maximum number of possible mismatches when merging
reads). Subsequently, a trained model based on the Naive Bayes algorithm was used to
classify the taxonomic affiliation of the previously generated sequences.

The final stage of taxonomy assignment was carried out using two available databases:
SILVA or Greengenes. The definition of a reference database can have a significant
impact on the overall results of the analysis: the process of grouping/clustering bacteria
is largely tied to the selected reference database, which directly entails the risk of
producing inconsistent results in direct comparisons (Fig. 2) [2, 3].

Grouping percentage identity also plays an important role, as both Greengenes and
SILVA provide different levels of identity, with 97 % being the most popular and
generally accepted: strains belonging to the same bacterial species are considered to have
< 3 % difference in their 16S rRNA sequences.
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The next step is to calculate a number of common diversity indicators in our functional
table. For this, the core-metrics-phylogenetic plugin and pipeline, which is a set of
various commands for QIIMEZ2, were used.

Conclusion: To carry out the metagenomic analysis procedure, it is necessary to have
knowledge in the field of medicine and programming, system administration, as well as
a number of highly specialized skills in the field of bioinformatics, mathematical
modeling and statistics, which significantly increases the required level of specialist
qualifications. In turn, the use of the proposed web resource allows you to automate all
the previously described processing stages — significantly reducing the level of entry
and, importantly, increasing the convenience and speed of processing, since the end user
only needs to download data through a graphical interface, select from the built-in list
the required parameters and press the start button.
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