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article provides a detailed description of the equipment, content, stages, essence and sequence of collaborative
actions of the supervisor, researchers, and subjects in the scientific-practical process.

This study allows for the recording of the cardiovascular system’s state during the development of maximal force,
the maintenance of that force level and throughout a six-minute recovery period.

Conclusions. We established and described a methodology for investigating the athlete’s cardiovascular system
during static loading and recovery, with simultaneous recording of rheography, electrocardiography, blood pressure
measurement and dynamometer data acquisition. The results demonstrate clear and valuable insights. This
comprehensive methodological approach to studying the athlete’s cardiovascular system can be used in practice.
Conducting the described complex study is possible with long-term practice of coordinated actions by a team of
scientists. The testing of the proposed methodology with the participation of 18 volunteers proved to be successful
and effective.

Key words: organization and establishment of the method, cardiovascular system, rheography, electrocardiogra-
phy, blood pressure, static dynamometer, static loading.
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COMPARATIVE ANALYSIS OF CONTEMPORARY METHODS FOR INVESTIGATING THE
COMPOSITION OF THE HUMAN GUT MICROBIOME
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The human gut microbiome is a complex system comprising trillions of microorganisms, including bacteria, ar-
chaea, fungi, and viruses, which influence metabolism and play a key role in digestion, vitamin synthesis, and im-
mune response regulation. The impact of the microbiome on human health has gained particular importance in
modern medicine, especially in sports physiology. It can determine adaptation to physical activity, recovery after
training, and overall physical condition in athletes.

This study focuses on a comparative analysis of the most common methods for studying the human gut micro-
biome, their technical features, and prospects for application in sports medicine. Investigating the gut microbiome
is challenging due to its structural complexity and variability under the influence of numerous internal and external
factors, such as diet, physical activity, environmental conditions, and the use of medical drugs. The study analyzes
modern and widespread methods for studying the gut microbiome, including polymerase chain reaction (PCR), 16S
rRNA gene sequencing, and metagenomic sequencing. A comparative characterization of these approaches is pre-
sented, including their technological features, sensitivity, specificity, and limitations concerning taxonomic and func-
tional data interpretation. The importance of proper conditions for sample collection, storage, and transportation is
emphasized to ensure the reliability of results, with a focus on analyzing fecal samples as the primary non-invasive
method for studying the gut microbiome.

The findings contribute to a deeper understanding of the mechanisms through which the microbiota affects the
physical condition of athletes and provide a scientific basis for the individualization of training programs.

Key words: metagenomics, bioinformatics, next-generation sequencing, microbiota, genetic testing, 16S rRNA
sequencing.
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Connection of the publication with planned re-
search work.

This study is part of the research project of the Na-
tional University of Ukraine on Physical Education and
Sport, “The Impact of Exogenous and Endogenous Fac-
tors on the Course of Adaptive Reactions of the Body to
Physical Loads of Various Intensities” (state registration
number 012U108187).

Introduction.

The human gut microbiome represents one of the
priority directions in modern research, particularly in
the field of sports medicine. The microbial composition
of the gut is extraordinarily complex and diverse, com-
prising over 40 trillion cells and more than three million
genes. The human gut microbiota possesses significant
metabolic potential, encompassing not only thousands
of bacterial taxa but also fungi, viruses, and archaea
[1-4].

Itis well-established that the human microbiota plays
an active role in nutrient production, immune response,
and metabolic processes. The biosynthesis of vitamins,
amino acids, and lipids is, to some extent, dependent on
the microbial composition of the gut. Furthermore, mi-
crobial metabolites, such as short-chain fatty acids, can
act as energy substrates, which is particularly critical in
endurance sports, where uninterrupted energy availabil-
ity is crucial for achieving optimal performance [5-7].

Despite significant progress in studying the human
gut microbiome and numerous publications in this field,
selecting optimal methods for microbiome analysis re-
mains a challenging task. This is attributed to the need
for proper sample collection, storage, and transporta-
tion, as well as accounting for the influence of numerous
external and internal factors that may affect measure-
ment accuracy. Additionally, challenges arise in selecting
appropriate software for accurate data analysis and in-
terpretation. This study examines a range of microbiome
research methodologies, highlighting their advantages
and limitations to identify the most effective approaches
for analysis.

The aim of the study.

To analyze modern methods of studying the human
gut microbiome, their technological features, advan-
tages, and limitations, with the goal of determining the
most effective approaches for practical application in
sports medicine, scientific research, and the diagnosis of
diseases associated with microbiota imbalances.

Main part.

Sample collection methods

Given the numerous interactions between the gut
microbiota and human health, analyzing changes in mi-
crobiota composition and their impact on the onset, pro-
gression, and prognosis of various diseases is critically
important [8-11]. Traditionally, gut microbiome studies
were based on methods of isolating and culturing micro-
organisms. However, a significant portion of anaerobic
bacteria, which constitute the majority of gut microbio-
ta, are difficult to cultivate, limiting the accuracy of these
approaches [12].

Advances in technology, such as next-generation se-
qguencing (NGS), have opened new opportunities for mi-
crobiome analysis without the need for cultivation. This
technology allows for precise identification of microbio-
ta composition and its interaction with the host organ-

ism. At the same time, proper sample collection remains
crucial to ensure the reliability of analysis results [13].

There are various sample collection methods, each
with its advantages and disadvantages, which can influ-
ence the accuracy of microbiome composition represen-
tation (table 1).

Fecal sampling is the most common method for
studying the intestinal microbiome due to its non-inva-
siveness, ease of implementation, availability, and the
possibility of collecting material at home. This approach
allows obtaining information about the composition of
the microbiota and its metabolic activity without the
need to intervene in the body’s tissues. The main focus
of this work is on methods for analyzing fecal samples as
a key tool for studying the microbiome.

Storage and transportation conditions

To ensure accurate gut microbiome analysis, it is vital
to maintain appropriate conditions for sample storage
and transportation to minimize the risk of microbial DNA
degradation and microbiota composition changes. Fecal
samples should be immediately stabilized using special-
ized solutions (e.g., RNALater®, Omnigene-Gut®, Tris-ED-
TA) or frozen at -20°C to -80°C. Stabilization solutions
preserve the microbial profile even during non-frozen
transport [19, 20].

Freezing is the most effective method for long-term
storage but requires specialized equipment, such as dry
ice or thermal containers, to maintain low temperatures
during transport. If samples are kept at room tempera-
ture, they should be delivered to the laboratory within
four hours to avoid external factors, such as ambient
temperature, affecting microorganism degradation [20,
21].

For short-term storage (up to 48 hours), samples can
be kept at 4°C, but this significantly increases the risk
of losing specific bacterial taxa, particularly anaerobes.
Prolonged storage without stabilization or freezing can
lead to substantial changes in microbiota composition,
compromising analysis results. Therefore, using stan-
dardized protocols and appropriate transport equip-
ment is critical to ensuring data reliability [20].

Methods of analysis.

Various methods based on modern molecular bio-
logical technologies are used to study the composition
of the intestinal microbiome. Each of them has its own
advantages, limitations, and areas of application [22-25].

Polymerase chain reaction. PCR (polymerase chain
reaction) is a highly sensitive method that allows the
detection of DNA or RNA of microorganisms in biologi-
cal samples, such as feces. This method is used for the
diagnosis of intestinal infections, dysbiotic conditions
and other pathologies due to its high specificity and sen-
sitivity, which allows us to detect even a small amount
of genetic material. DNA from samples is isolated using
specialized kits (QlAamp DNA Stool Mini Kit (QIAGEN)
— for isolating DNA from fecal samples, PowerSoil DNA
Isolation Kit (MoBio) — effective for samples with a high
content of inhibitors). PCR performs amplification of
target DNA fragments, which allows us to detect and
identify specific microorganisms. Specific primers that
interact with certain DNA regions are used for amplifi-
cation. Amplification is performed using thermal profil-
ing on PCR equipment, which increases the number of
target DNA fragments to a level suitable for detection.
After amplification, the product is detected by meth-
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ods such as fluorescence analysis,
which determines the presence of

Table 1 — Advantages and disadvantages of sample collection
methods for microbiome analysis

DNA in the sample. During PCR, var-

ious key materials are used that en-
sure the efficiency and specificity of
this method. These include specific | 1
DNA primers that ensure the selec-

tivity of amplification of target DNA
regions, as well as thermostable

DNA polymerases, such as Taq poly-
merase, which play a major role | 3
in DNA synthesis. Also important

are MgCl2 (magnesium chloride),
which acts as a cofactor to main- | 4
tain DNA polymerase activity, and

dNTPs (deoxynucleotides), which
are the building blocks of DNA and | 5
are necessary for the amplification

process. In addition, thermal PCR
incubators or specialized PCR de- | ¢
vices are used that perform thermal

profiling and provide the necessary
temperature cycles for successful
amplification [9, 26, 27]. 7

16S rRNA sequencing. One of

Method Advantages Disadvantages Source
Convenient, non-invasive, .
- - Uneven bacterial
. sufficient material for . ’
Fecal analysis : . distribution during [14]
analysis, relatively low- L
homogenization
cost
S Controlled collection, Invasive, risk of bleeding
2 | Endoscopic biopsy precise description and infection (15]
. Time-intensive
. . . Controlled sampling, N .
Luminal microbiota . preparation, invasive,
N accurate representation : - ; [16]
aspiration B . . patient discomfort, risk of
of luminal microbiota : .
infection
Brush samolin Controlled sampling,
piing accurate description of Invasive, risk of infection [16]
method ] ] h
luminal microbiota
Controlled sampling, Costly, “T“e |_r1ten§|ve
Laser capture . - preparation, invasive,
N N - precise microbe-host . N . o [17]
microdissection ! . A risk of infection, limited
interaction analysis .
material
Easy for the patient, no .
. ; Expensive, complex
Smart capsule preparation required, no |. . [18]
; . h ) implementation
infection risk, precise data
Accurate spatial Re_qwres sp_euﬂg probes
o . . tailored to individual
FISH (Fluorescence | organization of microbiota| . . X
. AR - microorganisms, high-tech| [17]
In Situ Hybridization)| and host-microbe - ;
. ) . equipment like fluorescent
interaction analysis :
microscopes

the most common methods for
studying the microbiome is based on the analysis of the
16S rRNA gene. This gene is part of the ribosomal RNA
of bacteria and has unique hypervariable regions (e.g.,
V3-V5) that contain enough information for taxonomic
identification of bacteria [9, 28].

For amplification, universal primers are used that
bind to conserved regions of the gene, surrounding the
hypervariable zones that are unique to different taxa and
allow identification of bacteria. After amplification, the
sample is analyzed using next-generation sequencing
platforms. The resulting sequences allow the identifica-
tion of operational taxonomic units (OTUs), which char-
acterize bacterial taxa with more than 97% sequence
identity. Sequencing data is cleaned using error correc-
tion algorithms such as Deblur or DADA2, which are in-
tegrated into the QIIME2 software. Reference genomes
or de novo approaches can be used to cluster sequences
to identify new species [9, 29].

In Ukraine, 16S rRNA sequencing is performed to
study the gut microbiome using next-generation se-
quencing (NGS) and GA-map analysis.

Shotgun metagenomics (shotgun metagenomic se-
quencing) involves the random sequencing of DNA frag-
ments followed by their realignment to perform taxo-
nomic and functional analyses of the entire genome of
the microbiota, including viruses, bacteria, archaea, and
eukaryotes. In contrast to 16S rRNA sequencing, which
focuses on ribosomal RNA fragments, this method pro-
vides complete information on genetic material, includ-
ing phages, plasmids, extrachromosomal elements, as
well as host DNA, chloroplasts, and mitochondria [30-
32].

Metagenomic sequencing involves several steps,
each of which requires specialized materials and soft-
ware. First, DNA is isolated from the sample using kits
such as the QlAamp DNA Stool Mini Kit or the Power-

Table 2 — Comparison of methods for analyzing the gut microbiome

Method Advantages Disadvanteges Sourse
Provides high specificity, speed, sensitivity and Possible false results due to contamination
the possibility of early diagnosis. This method imoroper samole collection. or errors in thé
allows the detection of even minimal amounts prop P ¢ . )
1. |PCR of DNA, which is critical for the early diagnosis technical process. Does not provide functional | [9, 26, 27]
of intestinal infections, dysbiosis and other |nformat'|on about the microbiome and
conditions metabolism.
Versatility, as 16S rRNA is present in all bacteria. The: use_of P$R may lead to ohver- orkl)mder-
165 rRNA Relatively low cost estimation of certain taxa. The number
2. ) h - . . of copies of the 16S rRNA gene may vary [9, 29]
sequencing | Wide range of applications (study of microbiome between taxa. which affects the accuracy of
structure and function in different samples). Y : Y
quantitative analysis.
Covers all genetic components of the Requires a significant amount of sequencing to
microbiome, including rare and uncharacterized ?::rlee;/seetshfoziguﬁl::fl clztier?tl';ac;fzr::rl]yos;sr,]tv:glfch
Metagenomic | microorganisms. Determines the metabolic . ’ yzing 'arge
3. . ] ; ) = data requires powerful computing resources |[31,32,34,35]
sequencing potential of the microbiota, enzyme activity and iali bioinf ics k |
interactions between microorganisms. Able to and specialized bioinformatics knowledge. Ma
identify strains and species ’ reduce accuracy for samples with low levels of
Y P ! microorganisms
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Soil DNA Isolation Kit, which provide efficient extraction
even from fecal samples containing inhibitors. After DNA
is isolated, it is fragmented and libraries are prepared
for sequencing using platforms such as the lllumina No-
vaSeq 6000, which provides high-fidelity sequencing
of short fragments, or the Oxford Nanopore MinlON,
which is suitable for long sequences. Nextera DNA Flex
(Hlumina) or Rapid Sequencing Kit (Oxford Nanopore)
are often used to create libraries. The resulting data are
processed using software focused on different aspects
of the analysis. For taxonomic classification, tools such
as Kraken2 or Kaiju, which work with the RefSeq, SILVA
or NCBI GenBank databases, are used. For de novo se-
qguence assembly, SPAdes, MetaVelvet or MEGAHIT are
used, which provide efficient analysis of large volumes
of metagenomic data. Additional functional annotation
can be performed using Prokka or EggNOG-mapper,
which allow the detection of protein clusters and func-
tional characteristics of genes. This approach provides a
comprehensive study of the composition and functions
of the microbiome, allowing the study of both known
and unknown taxa and obtaining a deep functional pro-
file of microbial communities [31-35].

In Ukraine, metagenomic sequencing is available in
laboratories that use next-generation sequencing (NGS)
methods.

The advantages and disadvantages of each method
are listed in table 2.

Conclusions.

The analysis of modern and widely used methods for
studying the composition of the human gut microbiome
has demonstrated that each approach has its unique
advantages and limitations. Polymerase chain reaction
(PCR) shows high sensitivity and specificity for detecting
individual microorganisms but is limited by its selective
analysis and inability to assess the overall structure of
the microbiome. 16S rRNA gene sequencing is a stan-
dard in many studies, providing reliable taxonomic anal-
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ysis of the microbiota. However, it has limitations in
determining functional potential and accurately differ-
entiating closely related taxa.

Metagenomic sequencing offers the deepest level
of analysis, allowing for the identification of complete
genomes of microorganisms, including archaea, viruses,
and eukaryotes, as well as the evaluation of the micro-
biome’s functional potential. However, this method re-
quires significant financial resources, high computation-
al power, and meticulous sample preparation.

The critical importance of proper sample collection,
storage, and transportation, particularly of fecal sam-
ples, which are the primary source for non-invasive mi-
crobiome analysis, has been emphasized. Inappropriate
storage conditions can lead to the loss of sensitive taxa
and distort analysis results.

The use of integrated approaches combining vari-
ous analytical methods enables a more comprehensive
understanding of the structure and functions of the gut
microbiome. This contributes to uncovering the connec-
tions between the microbiota and adaptation to physical
activity, opening up prospects for the individualization of
training programs and the prevention of diseases associ-
ated with dysbiosis. Further research in this area has the
potential to significantly expand our knowledge of the
microbiome’s role in maintaining human health and per-
formance, as well as its influence on physiological and
biochemical processes.

Prospects for further research.

Future studies will focus on gaining a deeper under-
standing of the microbiome’s connections with various
aspects of human health, introducing new technologies,
and developing practical applications in sports medicine
and dietetics. This will not only facilitate the diagnosis
and treatment of diseases but also enable the creation
of conditions for individual adjustments in the training
process and preparation for competitions, taking into ac-
count the unique microbiome composition of athletes.

NMOPIBHA/IbHUIA AHANI3 CYYACHUX METOAIB OOCNIOMEHHA CKNALY
MIKPOBIOMY KULLKIBHUKA NHOAUHUN

HauioHanbHui yHiBepcuteT disnuHOro BUXoBaHHA i cnopTy YKpaiHu (m. Kuis, YkpaiHa)
anastasiya.kaliga@gmail.com

MiKpobiomM KUWKIBHUKA THOOUHU € CKAAOHOK CUCMEMOI0, WO 8KAHOYAE MpPUsblioHU MiKpoopzaHiamie —bakmepil,
apxell, epubis i sipycis, AKi enausaroms Ha Memabosiam ma 8idieparomes K408y POsb Y MPOYECAX MPAB/EHHS,
cuHmesi gimaminie, peaynaauii imyHHoi 8idnoeidi. Brnaue mikpobiomy Ha 300po8’s AwduHU Habys ocobausozo
3HAYEHHA 8 YMOBAX CYy4aCHOI MeOUUUHU, 30KpeMa y criopmusHili gizionoeii. BiH moxce susHa4yamu adanmay,ito 6o
i3uYHUX HABAHMAXEHb, BIOHOB/EHHA MiCAA MPEHYBAHb i 8MAUBAE HA 3a2aabHUl Gi3udyHUl cmaH cnopmcmeHis.

JlaHa poboma npuceayeHa MopieHANbHOMY aHAAI3Y HalinowupeHiwux memoodie 00CAiOHeHHA Mikpobiomy
KUWKIBHUKA MOOUHU, iX MexHiYHUM 0cobausocmam i nepcriekmusam 8UKOPUCMAHHSA Y CropmugHili MeduyuHi.
LlocnioxeHHsA MiKpobiomy KUWKIBHUKA € BUKAUKOM Yepe3 (1020 cmpyKmypHY CKAaoHicmb lio2o ckaady miHaugicme
nio enausom 6a02ambox GHYMPIWHIX | 308HIWHIX PAKMOpie, MAKUX fAK XAp4y8aHHSA, (Pi3UYHA AKMUBHICMS,
eKos102i4Hi yMoBU ma 3aCmoCy8aHHA MeOUYHUX npernapamis. ¥ 0aHomy 00C/iOHeHHI NpoaHani308aHO cy4yacHi U
HalinowupeHiwi memoou 8us4eHHA MiKpobiomMy KUWKIBHUKQ, 30Kpema rosaimepasHy AaHyrozosy peakyito (I1/1P),
cekseHysaHHsA 2eHa 16S pPHK, ma memazeHOMHe cekseHys8aHHA. [TpedcmasneHo nopisHANbHY XapaKkmepucmuky
uux nioxoodis, 8KMYAOYU IXHI MmexHoM02iYHi 0cobausocmi, Yymsausicme, crieyuiyHiCmb, @ MAKOH 06MeEeHHS
wWo00 MAKCOHOMIYHOI ma (yHKUiOHAsbHOI iHMepnpemauii 0aHux. Po32ASHYMO 8aM(aAUGiCMb HA/AEMHUX YMO8
360py, 36epicaHHA Ma mMpaHcnopmy8aHHA 3pasKie 0214 3abe3neyeHHA 00CMOoBipHOCMI pe3yabmamis i3 aKUeHMom
Ha aHAnNI3i heKanbHUX 3pa3Kie K 0CHOBHO20 HEIHBA3UBHO20 Mi0X00y 00 8UBYEHHSA MIKPObIOMY KUWKIBHUKA.
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OmpumaHi pe3yabmamu cripuamumyme 2aubwomy po3ymMiHHIO MexaHiamie ersausy mikpobiomu Ha @izuyHul
CMaH CropmcmeHis i CmeopeHH0 HOYyKOBUX OCHOB8 014 iHOUBIdyanizauyii mpeHysasnbHUX MPo2pam.

Knro4voei cnosa: memazeHoMiKa, 6ioiHGhopMamuKa, cekeeHy8aHHA HOB020 MOKOAIHHA, MiKpobioma, 2eHemuyHe

mecmyeaHHA, cekeeHys8aHHA 16S pPHK.

3B’A30K nyb6niKauii 3 nnaHOBMMM HAayKOBO-AOCAIA-
HUMK poboTamu.

PoboTa € pparmeHTom HAP HauioHanbHOro yHiBep-
cuTeTy Gi3MYHOro BMXOBAHHA i cnopTy YKpaiHu «Bnave
€K30reHHWX Ta eHAoreHHUx akTopis Ha nepebir agan-
TaUiMHWUX peakLil opraHiamy Ao ¢isMYHMX HaBaHTaXeHb
pi3HOI iHTEHCMBHOCTI» (OepKaBHUI peecTpaLiiHuiA
Homep 012U108187).

Bcryn.

MiKpo6iom KULLKIBHWKA NHOAMHU € OAHUM 3 Npiopu-
TETHWUX BEKTOPIB Y Cy4aCHUX AOCNIAXKEHHAX, 0COBNNBO Y
cohepi cnopTMBHOT MeaUUMHU. MiKpOBHWUI cKnad, Kuil-
KiBHWKa € HaA3BMYAMHO CKNAAHMM Ta YNCEIbHUM Ta Bif-
PI3HAETLCA BENMYE3HUM PISHOMAHITTAM. BiH Hapaxosye
noHag 40 TPWUIbWOHIB KNITUH Ta MOHAZA TPWU MiNbAOHM
reHis. MikpobioTa KULIKIBHMKa NHOAUHM MA€E BEAUKUN
MeTaboniyHM MoTeHUiaNn Ta MICTUTb He Aulie TUcAdi
TaKCOHIB pisHOMaHITHUX BaKTepii, ane i rpubu, Bipycu,
apxei [1-4].

[ocTtemeHHO Bigomo, Lo MiKpobioTa ntogmHu bepe
AKTMBHY YYacCTb Y BUPOOHULTBI HYTPIEHTIB, IMYHHIN Bia-
nosiai Ta metaboniyHmx npouecax. biocuHTes BiTamiHiB,
AMIHOKMCNOT Ta NinigiB TAKOXK NEBHUM YMHOM 33a1€XKUTb
Bif, MiKpOBHOro cknagy KuuKiBHUKA. OKpim Toro, mi-
KPOOHi meTaboniTv, a came, KOPOTKO/IAHLOMOBI KUPHI
KMCNOTU MOXKYTb BUCTYNATU SIK eHepreTUyHi cybctpaTwy,
Wo ocobAnBO BaXKAMBO Yy BMAAX CMOPTY HAa BUTPUBA-
NiCTb, e BifICYTHICTb 0BMEXKEHHSA A0CTYNHOCTI eHeprii €
KPUTUYHUM Y JOCATHEHHI pe3yabTaTy [5-7].

Hes3Ba)katouM Ha 3HAYHMIN NPOrpec y BMBYEHHI Mi-
KpObioMy KULLKIBHWKA NHOAMHU Ta YMCNEHHI nybnikauii
y Uil ranysi, Bubip onTMManbHUX METOAMK AOC/IAMKEH-
HA MiKpOBiOMY 3a/MLLIAETLCA CKAAAHUM 3aBAAHHAM. Lle
noB’sA3aHoO 3 HEOBXiAHICTIO NpaBWUabHOrO 360py maTepi-
any, 36epiraHHA Ta TPAHCMOPTYBaHHA 3Pa3KiB, @ TaKOX
BpaxyBaHHA BNAMBY 6araTboX 30BHIlLHIX i BHYTPIiLWHIX
daKTopiB, AKi MOXYTb BM/MBATW Ha TOYHICTb BUMIpIO-
BaHb. Kpim Uboro, icHytoTb TpyaHowi B nigbopi npo-
rpamHoro 3abesneyeHHs A TOYHOTO aHanidy Ta iHTep-
npetayii AgaHux. Y ubomy AOCNIAXKEHHI MW PO3rNAHEMO
HU3KY METOAMK A0CNiAXKEHHS Mikpobiomy, ixHi nepesa-
M Ta 0OBMEXKEHHSA 3 METO BM3HAYEHHS Halbinbly edpek-
TUBHUX MiAXOAIB 4,0 aHANI3y.

MerTa gocnigKeHHs.

MpoaHanizyBaTu cyyacHi MeToau LOCNIOKEHHA Mi-
KPOBioMYy KULIKIBHUKA NOANHK, TXHI TEXHOMOrIYHI Oco-
6amBoCTi, NepeBarn Ta OOMEKEHHA, 3 MeTOH BU3Ha-
YeHHA HaledeKTMBHIWMX MiaxoAis ANA MPaKTUYHOro
3aCTOCYBaHHA Yy CMOPTMBHIN MeaMuLMHI, HAayKOBUX O0-
CNiAMKeHHAX Ta AiarHOCTUL 3aXBOPOBaHb, NOB A3aHUX i3
ancbanaHcom mikpobioTu.

OcHOBHa YacTUHa.

Memodu 360py 3paskie

3BaKalouM Ha YMCNEHHI B3aEMO3B'A3KM MiXK KULLKO-
BOO MiKpo6ioTOto Ta 34,0pOB’AM NOANHU, HAA3BUYANHO
BaXK/IMBMM € aHa/i3 3MiH y cknagi MikpobioTu Ta ixHin
BM/IMB HAa BUHUKHEHHA, nepebir i NPorHo3 pisHOMaHiT-
HUX 3axBoptoBaHb [8-11]. TpaAULiIMHO BUBYEHHA KULL-
KOBOro mikpobiomy 6a3yBasioca Ha meTogax i3onsuii Ta

KY/IbTUBYBAHHA MiKpOOpraHiamis. [poTe 3HayHa Kinb-
KicTb aHaepobHUX BaKTepil, AKi CKNafatTb OCHOBHY Ya-
CTUHY KMLIKOBOI MiKpo6ioTW, MoraHo Nigaa€eTbca Kysb-
TMBYBAHHIO, O 06MeKYE TOUHICTb Takmux niaxoais [12].

PO3BUTOK TEXHONOFi, AK NPUKNAL, CEKBEHYBaHHSA
HoBoOro nokoniHHa (NGS) BiaKpMB HOBI MOXAMBOCTI ANA
aHanisy mikpobiomy 6e3 HeobXigHOCTI Ky/1bTMBYBAHHS.
La TexHonoria A03BONAE TOYHO iAeHTUOIKYBATU CKNag
MiKpobioTH Ta BUBYATM ii B3aEMOZ,tO 3 opraHismom. Boa-
HOYaC KPUTMYHO BAXK/IMBUM 3a/MLLAETLCA NPABUABHUN
Bifbip 3pa3kKiB An1s 3abe3neyeHHs AOCTOBIPHOCTI aHani-
3y [13].

ICHYtOTb pi3HOMaHITHI MeToan 360py 3pasKiB, KOXKeH
3 AKMX MaE€ CBOI MepeBarn Ta HeAO/MIKM Ta MOXKe BM/u-
BaTM Ha TOYHICTb BigobpaxKeHHA cKnagy Mmikpobiomy
(tabn. 1).

AHanis ¢eKanbHUX 3pasKiB € Halbinbl nowupe-
HUM METOAOM AOCAIAMEHHS MIKpobioMy KMLIKIBHUKA
3aBAAKM CBOiA HEiHBA3MBHOCTI, MPOCTOTIi BUKOHAHHS,
OOCTYMHOCTI, @ TaKOXX MOM/IMBOCTI 3abopy matepiany
B AOMALUHiIX ymoBax. Lien nigxia [o3BosAe oTpumaTw
iHpopmaujo Npo cknag mikpobioTn Ta ii meTaboniuHy
aKTMBHiCTb 6e3 HeobXigHOCTI BTpyYaHHA Y TKAHUHKU Op-
raHiamy. Y gaHini poboTi ocHOBHa yBara 3ocepenKeHa
Ha meToAax aHanidy peKanbHUX 3pa3KiB AK KNHOYOBOrO
iHCTPYMEHTY A/1A A0CNiAXKEHHA MiKpobiomy.

Ymosu 36epieaHHA ma mpaHcnopmy8aHHA.

[Ons TOYHOro AOCNIAMEHHA MIKPO6BIOMY KULIKIBHU-
Ka BaXk/MBO 3abe3neunTy HanexHi ymoBu 3b6epiraHHA
Ta TPaHCNOPTYBaHHA 3paskis, W06 MiHIMi3yBaTM pU3MK
perpagauii mikpobHoi HK Ta 3miHM cknagy mikpobio-
Tn. Micns 3abopy ¢deKanbHi 3pasku matoTb 6yTM cTabi-
Ni3oBaHi HeralHo abo 3 BMKOPWUCTAHHAM cneLianbHUX
cTabinisyroumx posumHie (RNALater®, Omnigene-Gut®,
Tris-EDTA TOWL0) 260 WAAXOM 3aMOPOXKYBaHHA NPU TEM-
nepatypi Big -20°C go -80°C. BuKopucTaHHA cTabinisy-
HOUMX pPO34MHiB 3abe3nevye 36eperkeHHA MiKPOOHOro
npodinto Ao aHanisy, HaBiTb y pasi TPaHCNOPTYBAHHA
6e3 3amopokyBaHHsA [19, 20].

3aMOpOorKyBaHHA € HaeDEKTUBHILLMM METOA0M ANA
TpuBanoro 36epiraHHA 3pasKiB, o4HaK BOHO MoTpebye
cnevianbHOro 061agHaHHA ANA TPAHCNOPTYBAHHSA, TaKo-
ro AK CyXWi Nig Yn TEPMOKOHTEMHEPU, AKI NiATPUMYIOTb
CTabiNbHYy HU3bKY TemnepaTtypy. AKWO 3pasku 3bepira-
HOTbCA 3@ KIMHATHOT TemnepaTypwu, ix NoTpibHO AoCTaBK-
TM Ao nabopatopii AKoMora WwenaLwe, 6akaHo NPOTArom
4 roguH, Wo6 YHUKHYTM BMNAMBY 30BHILIHIX $aKTOpIB,
TaKMX AK TemnepaTypa HaBKOAWULLIHBOIO CepenoBuLLa,
AKI MOXYTb CNPUUYUHUTM OEerpajauito MiKpoopraHiamis
[20, 21].

[na KopoTKoTepMmiHOBOro 36epiraHHsA (40 48 roamH)
[OMNYCKAETbCA NIATPUMAHHA 3paskKiB Npu TemnepaTypi
4°C, ane Taka ymoBa 3HAYHO 36i/blIyE PU3MK BTPATU
NeBHMX TaKCOHIB BaKTepill, 0coba1MBo aHaepobHUX. Tpu-
Basie 3bepiraHHA 3paskis 6e3 cTabinisayii abo 3amopo-
YKEHHA MOXKe MPU3BOAWUTU A0 3HAYHMX 3MiH Yy CKAagi
MiKp0o6iOoTH, L0 HeraTMBHO BMN/IMBAE Ha pPe3y/bTaTh aHa-
ni3y. TaKUM YMHOM, BUKOPUCTAHHA CTAHAAPTHUX NPOTO-
KOJiB Ta Ha/Ie¥XHOrO TPAHCMOPTYBaIbHOrO 06N1aAHaHHA
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Tabnuuysa 1 - Mepesaru Ta HefONiIKM MmeToAiB 360py 3pasKis
BANA aHanisy mikpobiomy

B3aeMOAii “Xa3aiH-mi-
KpoopraHizm”

HeobxigHicTb BUCOKO-
AKicHOro o6i1agHaHHA,
Hanpuknaag, dnyopec-

LLeHTHUX MiKPOCKONIB.

uinbosux o¢parmentis JHK po pisHs,
nNpUAATHOro Ana BuABneHHA. Micna amn-
nidikauii NpoBoAATb AETEKLi0 NPOAYKTY

Ll 3pqu::p::;;Ma3MB e LEpaT yepes Taki meToam, Ak GAOPeCLEHTHUN
HUN, Hap,’ae [,0CTaTHbO | HepiBHOMIpHWUI po3- a'."am?" Lo A03BONIAE .BM3HaqMTM HaAB-
1 | AHani3 kany matepiany Ana gocni- | noain 6aktepiit npu [14] Hicte HK y 3pasky. n'.ﬂj Hac nnp BUKO-
AXEHHA, NOPIBHAHO romoreHisavll 3pa3Kka pVICTOByPOTbCﬂ p|3HOMaH|TH| KNKY0BI Ma-
HeAoporuil Tepianu, Aki 3abe3neyyroTb epeKTUBHICTb
EHaocKoniuna MOXAUBICTb KOHTP- IHBa3MBHMI meToz. Ta cneumndiyHicTb Lboro metoay. 4o HUX
2 | 6ioncin ?é‘:ﬁj;*(‘;f:Sc’py' rH”d?g':u';.FOBOTe”' Ta (151 | Hanesatv cneumdiuni AHK-npaiimepw,
MomamBicTs korTp- | Heobxiammit aac anm o 3abe3neyyroTb CeNIEKTUBHICTb amni-
Acnipauia 0/71boBaHoro 360py NiAroToBKM, iHBa3nB- dikauji u'm_bOBV_IX AINAHOK ,ﬂ'HK’ a TaKO)K,
3 | npocsiTHOi 3pasKa, TOYHICTb Big0- | HUM MeTOA, ANCKOM- [16] TepmocTabinbHi - [IHK-nonimepasu, Taki
MiKpo6ioTK 6paskeHHsA NPOCBITHOI | GOPT NauieHTa, pU3mK AK Tag-nonimepasa, AKi BiAirpatoTb OCHO-
MikpobioTu iHdeKuii BHY ponb y cuHTesi AHK. Baxnusum €
MeTog 3a60py MO AMBICTb KOHTP- 5 Tako MgCl, (marHii xnopmp,), Lo BU-
o [ | AR, e | 1| v daitopow arn narpun o
newsns HoT MiKPOGIOTH TUBHOCTI ,D,HK-nommep'aam, Ta.dNTP (ae-
yT—— Tloporosapricam 30chHyKne0ngM), AKi e §yA|BeanMMM
cnmmpe'f"'m niﬁggsgc;bs%oomp- MeTos, HeobXiAHNI ac 6/10K¢':.1M.VI ,CI,!:IK i !—IeOﬁXIp,HI ANAa npouecy
5 |3aaonomo- Tounut onme 33,;?;’(\/ ANA NIArOTOBKM, iHBa- [17] amnigikauyii. KP'M UbOro, BUKOPUCTOBY-
roto nasepa. “mikpoopranismxa- | 21BHU METOA, pusuk HOTbCA TePMasbH |'|f|P-IHKy6:‘:lT0pVI aﬁo
La_ser cgpturg 3qiH” IHCI)eKL.I,II, HeAOoCTaTHbO cneujianizoBaHi nﬂp_anCTpcnl o 34iun-
microdissection . : mareplany CHIOIOTb TepmonpodintoBaHHA Ta 3abes-
e N nesyire HeoGxa TewneparypH Wik

kW, BIACY THI PUSVKM AoporosapTicHuii AN yeniwHoi amnnidikauii [9, 26, 27].
6 |Cmapr-kancyna | S e, oun ?)A:;,?ﬂa a*isfaAHMM y (18] 16S pPHK ceKkBeHyBaHHA. € OAHUM i3
NOKa3HWKM NPOCBITHOI HaNOWMPEHIWNX METOAIB AOCANIAKEH-
MikpoGioTu HA MiKpobiomy, Lo 6a3yeTbcA Ha aHani3i
Motpeba y cneundivHmx reHa 16S pPHK. Llelt reH € yacTuHolo pu-
) 30HAaX, AKi HeobXiAHO 60ocomHoi PHK 6akTepilt i mae yHiKanbHi
TouHe BI,CI,OSPE)KEHITIH po3pobnatu iHamBIay- rinepBapiabensHi ANAHKM (HanNpUKNaa
NPOCTOpPOBOI OpPraHi- a/IbHO ANA KOXHOro . X . ’
7 | MeToa FISH 3auii MikpobioTM Ta | BUAY MikpoopraHismis. | [17] V3-V5), aki micTaTb f0CTaTHLO iHPopMa-

Lii 415 TaKCOHOMIYHOT iaeHTUdIKaLiT 6ak-
Tepin [9, 28].
Ons amnnidikauii BUKOpUCTOBYHOTLCA

€ KAtoyoBMMK bakTopamu Ansa 3abesneyeHHA AOCTOBIp-
HocTi aaHumx [20].

Memoodu aHarni3y.

Ons pocnigeHHs ckaagy Mikpobiomy KULLKIBHWMKA
BUKOPUCTOBYIOTbCA Pi3HOMaHITHI MeToaum, Lo 6a3yoTb-
€A Ha CyYaCHUX MONEKYNAPHO-6i0N0MNYHNX TEXHOOTIAX.
KosKeH i3 HMX mae cBOi nepeBarun, obmeskeHHA Ta chepun
3acTocyBaHHs [22-25].

MonimepasHa naHutorosa peakuia. M/IP (nonime-
pa3sHa NaHLIOroBa peakLis) — BUCOKOUYTIMBUN MEeToS,
wo po3ssonfe suasnatn HK abo PHK mikpoopraHiamis y
bionoriyHMx 3pasKax, Takux AK Kan. Llelt metog 3acTtoco-
BYIOTb A1 AiarHOCTUKM KMLIKOBMX iHbeKUil, ancbiotny-
HUX CTaHiB Ta iHWWX NATO/IOriN 3aBAAKM CBOIN BUCOKIN
cneundivyHOCTi Ta YyTAMBOCTI, WO A03BONAE BUABNATU
HaBiTb HE3HAYHWUI BMICT reHeTu4yHoro martepiany. JHK
i3 3pa3KiB BUAINAETLCA 32 A4OMOMOrOH0 CrnewiaslisoBaHMUX
Habopis (QIAamp DNA Stool Mini Kit (QIAGEN) — ana
BuaineHHsa OHK i3 dpekanbHux 3paskis, PowerSoil DNA
Isolation Kit (MoBio) — epeKkTMBHUI gns 3pasKiB i3 BU-
COKMM BMmicTOM iHribiTopis). MNJIP 3ajiiicHioe amnnidika-
uito uinbosux ¢parmentis JHK, Wo A03BONAE BUABUTHU
Ta BU3HAYUTU KOHKpPETHi MikpoopraHismu. na amnni-
dikauii BMKopucToBytoTbCcA cneundiyHi npaimepu, Wo
B33aEMOAiIOTb 3 NeBHUMM ginsHkamm AHK. Amnnidika-
Lia NpoOBOAUTLCA 3@ LOMNOMOro TepMmonpodintoBaHHA
Ha MJIP-o61aaHaHHI, WO A03B0AAE 30iNbLWINTKY KiNbKICTb

yHiBepcanbHi nparimepwu, AKi 38’A3y0Tb-
CA 3 KOHCEPBATUBHMMMU AiNAHKAMM TeHa,
oTouYytouM rinepeapiabenbHi 30HW, WO € YHiIKaAbHUMMU
O1A Pi3HUX TAaKCOHIB | A03BONIAIOTD iAeHTUPIKYBATU OaK-
Tepii. Micna amnnidikauii 3pa3oK aHanisyeTbcs 3a Ao-
NOMOroto NaaTdopm CeKBeHYBaHHA HOBOFO MOKOAIHHS.
OTpMMaHi NOCNiAOBHOCTI A03BONAOTbL BU3HAYUTK one-
paLiliHi TakcoHoMiYHi ogmHuMLi (OTUs), Wwo xapaKkTepusy-
10Tb BaKTepiasibHi TaKCOHU 3 Binbl HiXK 97% iAeHTUYHI-
CTO MoCNifoBHOCTEN. [laHi CeKBEHYBAHHA OUYMLLYIOTHCA
33 [,OMOMOTOK aNrOPUTMIB KOPEKL,ii MOMUIIOK, TaKMX AK
Deblur abo DADAZ2, saki iHTerpoBaHi B nporpamHe 3abes-
neyeHHs QIIME2. Ona knactepwm3alii nocnigoBHocTel
MOYTb BUKOPUCTOBYBaTUCA AOBIAKOBI reHomM abo de
novo nigxoan ANs BUABNEHHA HOBUX BUAiB [9, 29].

B YKpaiHi 16S pPHK cekBeHyBaHHA BUKOHYETbCA ANA
OOCNiAXKEHHS MIKpOBioMY KMLLKIBHMKA METOAOM CEKBe-
HYBaHHA HOBOro NoKoniHHA NGS Ta GA-map aHanisy.

MeTtareHoMHe CeKBeHyBaHHA (shotgun
metagenomics) nepenbavyae BMNaLKOBE CEKBEHYBAHHA
¢dparmeHnTiB poswenneHoi AHK i3 noganblwoto ixHbot
peanirHauielo AnA NpPoOBeAeHHA TaKCOHOMIYHOro Ta
®YHKLUiOHaNbHOro aHanisy BCbOro reHomy MikpobioTu,
BK/IOMAOUM BipycK, bakTepii, apxei Ta eyKkapiotu. Ha Big-
MiHy Big, 16S pPHK-cekBeHyBaHHA, fiKke 30Ccepes KyeTbCA
Ha ¢parmeHTax pubocomHoi PHK, uein meton 3abes-
neyye nosBHy iHGOPMALiO NPO FeHeTUYHUI maTepian,
BK/tOYatoun darun, nnasmigm, eKCTpaxpoMOCOMHI ene-
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Tabnuusa 2 — MopiBHAHHA METOAIB aHaNi3y MiKpobiomy KULIKIBHUKA

Hassa MepeBarn Heponikn [xepeno
3abesneuye BUCOKY cneundiyHicTb, WWBUAKICTDb, . .
- ) P MoXXn1Bi NOMWIKOBI pe3ynbTaTu Yepes
YYTNMBICTb Ta MOXJIMBICTb PAHHbBOI AiarHOCTUKMN. o .
s ’ S 3abpyAHEHHs, HeKOPEeKTHUI 36ip 3pa3kis abo
Lle meToA [,03BONAE BUABAATU HaBITb MiHIMa b ) -
nne A . .~ | TOMUAKK B TeXHIYHOMY npoueci. He Hapae [9, 26, 27]
Hi KinbkocTi IHK, WO € KPUTUYHMUM ANA PAHHBOI R : .
< . Lo . dyHKUioHanbHoi iHpopmalLiii npo mikpobiom
[AiarHOCTUKM KUILKOBUX iHdeKLil, ancbiosy Ta -
‘ . Ta meTaboniam.
iHWWX CTaHiB
YHiBepcanbHicTb, Tak AK 16S pPHK € npucyTHim y | BukopuctaHHa MNJ1P moxKe npusBoguTh 40 ne-
16S pPHK BCix 6aKTepiax. BiAHOCHO HU3bKa BapTiCTb peouiHKM abo Hef00LHKM NEBHUX TAaKCOHIB.
2. | cekBeHyBaH- | LLIMpOKMIA Aiana3oH 3aCTOCYBaHHA (BUBYEHHA KinbKicTb Koniin reHa 16S pPHK moe pisHuTn- [9, 29]
HA CTPYKTYPU Ta OYHKLLN MiKpobiomy y pisHMX CA MiXX TAaKCOHaMM, L0 BM/IMBAE HA TOYHICTb
3pasKax). KiZIbKiCHOrO aHanisy.
. . . . Bumarae 3Ha4yHOro obcAry cekBeHyBaHHA A4
OXOnAto€ BCi reHeTUYHi KOMMNOHEHTU MiKpobio- . . !
R . | AocArHeHHA HeobxigHOT rMbKHM aHanisy, Wwo
MY, BK/IOYQIOYM PiAKICHI Ta HEXapaKTepmn3oBaHi . . /
MeTtareHom- ! . ) o 36inbluye BUTPaTU. AHani3 BeZIMKKX 0bcaris
MiKpopraHiamu. BusHauae metabonivyHuii no-
3. | He ceKBeHy- - . . ; [aHUX NoTpebye NoTyXKHUX obumcatoBanbHux ([31,32,34,35]
TeHLiaN MiKpobioTn, epMeHTHY aKTUBHICTb Ta L R L
BaHHA I - : . pecypciB i cnewianisoBaHnx 3HaHb y bioiHdop-
B3AEMOZIT MiXX MiKpoopraHiamamu. MoxamsicTb : h
. T S . MaTULi. MoXKnBe 3HUKEHHA TOYHOCTI ANA
ineHTUdIKauii WTamis i BUAIB. o . ; L
3pasKiB i3 HU3bKMM BMICTOM MiKpOOpPraHiamis

MeHTH, a TakoxK [HK xa3aiHa, x10ponnacTiB i MITOXOH-
apin [30-32].

MeTareHOMHe CeKBeHyBaHHA BK/IIOYAE KiflbKa eTa-
niB, KOXeH i3 AKMx noTpebye cneuianizoBaHnx matepi-
anis Ta nporpamHoro 3abesneyeHHA. Cnepwy AHK Bu-
JinseTbCA 3i 3pa3ka 3a JONOMOrot Habopis, TakMX fAK
QlAamp DNA Stool Mini Kit abo PowerSoil DNA Isolation
Kit, Aki 3a6e3nevytoTb eheKTUBHY EKCTPAKLitO HaBITb i3
deKanbHUX 3pasKiB, WO MICTATb iHribiTopu. Micnsa BuAaj-
nenHa AHK ii dparmeHTytoTh i nigrotosaatoTb 6ibnioTe-
KW ONA CeKBEHYBAHHA 3a AOMOMOroto NaaThopm, Takmx
Ak Illumina NovaSeq 6000, wo 3abe3neyye BUCOKOTOY-
He CeKBeHyBaHHA KOPOTKMX ¢parmeHTis, abo Oxford
Nanopore MinlON, akui nigxoguTb ANA AOBMMX Nochi-
JoBHocTel. [ina cTBOpeHHA 6ibaioTeK 4acTo BUKOPUCTO-
BytoTb Nextera DNA Flex (Illumina) un Rapid Sequencing
Kit (Oxford Nanopore). OTpumaHi gaHi 06pobastoTbeA
3a AOMNOMOrot0 MporpaMHoro 3abesneyvyeHHs, OpiEHTO-
BAHOMO Ha Pi3Hi acneKkTn aHanisdy. [1nAa TaKCOHOMIYHOTO
KnacudikyBaHHA BUKOPUCTOBYIOTb IHCTPYMEHTM, TaKi
Ak Kraken2 abo Kaiju, wo npautotoTb i3 6a3ammn gaHux
RefSeq, SILVA abo NCBI GenBank. [lna cknagaHHAa no-
cnigoBHocTel metogom de novo 3actocoBytoTb SPAdes,
MetaVelvet abo MEGAHIT, ki 3a6e3neuytoTb epeKkTmB-
HUI aHani3 BENMKUX 0B6CAriB MeTareHOMHUX AaHux. [Jo-
AaTKoBY YHKLIiOHaNbHY aHOTALLil0 MOXKHA BMKOHATM 3a
ponomoroto Prokka abo EggNOG-mapper, wo A03B0-
NATb BUABNATM BinKoBi Knactepn Ta yHKUiOHANbHI
XapaKTepUCTUKKM reHiB. Llel nigxip 3abesnedyye Komn-
JIeKCHEe [A0CNigXKeHHA cknagy Ta QyHKLUiKM mikpobiomy,
[,03BOJIAKOYM BUBYATU AK BiLlOMI, TaK | HEBIAOMI TAaKCOHMU,
Ta OTPUMYBATU MMBOKNI DYHKLOHANAbHUI Npodinb mi-
KpobHuX cninbHoT [31-35].

B YKpaiHi meTareHOMHe CeKBeHyBaHHA AOCTynHe B
nabopaTtopisx, Lo 3aCTOCOBYOTb METOAMN CEKBEHYBAHHA
HOBOro NoKoniHHA NGS.

MepeBarn Ta HeONIKM KOXKHOTO MeToAy HAaBEAEHO Y
Tabnuu,i 2.

BucHoOBKM.

AHani3 cyvyacHUX i HaMMNOLWMpPEHILLMX METOAIB AO0CAI-
OYKEHHA CKlagy MiKpobioMy KMLIKIBHWMKA NOAUHU MO-
Ka3aB, L0 KOXKeH i3 niaxoaiB Ma€e CBOI yHiKanbHi nepe-
Barn  obmexeHHsA. MNonimepasHa NaHLUOroBa peakuin
(M1P) AeMOHCTPYE BUCOKY YyTAMBICTb i cneundivHicTb
ANA BU3HAUYEHHA OKPEMMX MIKPOOPraHiamis, npoTe 06-

MEKYETbCS BUBIPKOBICTIO aHani3y 1 He A03BOJIAE OLLiHU-
T 3aranbHy CTPYKTYpYy Mikpobiomy. CekBeHyBaHHSA reHa
16S pPHK € ctaHaapTom y 6aratbox AOCAIAMKEHHAX, LLO
3abe3neyye HafiMHWI TaKCOHOMIYHMI aHani3 Mikpobi-
OTW, aNe MA€E OOMEKEHHA Yy BM3HAYeHHI QyHKLiOHab-
HOro NOTEHLiaNy Ta TOYHOMY PO3MeXKyBaHHI BNN3bKMX
TAKCOHIB.

MeTareHOMHe ceKkBeHyBaHHA 3abe3neuyye HaWrnoG-
WM piBEHb aHani3y, 403BONSAOYN iAeHTUDIKYBATU NOBHI
reHoMM MiKpPOOpraHiamiB, BK/OMaOUM apxei, Bipycn M
eyKapioTu, a TaKOXK OLiHIOBATU QYHKLIOHANbHWI NOTEH-
Lian mikpobiomy. MpoTe uen metos NoTpebye 3HAUYHUX
¢diHaHCOBUX pecypciB, BUCOKOI 0BUYMNC/OBA/IbHOI NOTYK-
HOCTIi Ta peTeNbHOI NiArOTOBKM 3paskKiB.

Po3rnaHyTO KPUTUMYHE 3HAYEHHA HanexHoro 36opy,
36epiraHHA 1 TpaHCNOPTYyBaHHA 3paskis, ocobanso de-
KaJIbHUX, AKI € OCHOBHMM [XKepenom AN HeiHBa3MBHO-
ro aHanisy mikpobiomy. HesignosigHictb ymoB 36epi-
raHHA MOXe NPU3BeCTU A0 BTPATU YYT/IMBUX TAKCOHIB i
BUKPUBNEHHA pe3ynbTaTiB aHani3y.

3acToCyBaHHA iIHTErPOBAHMX NiAX0AiB i3 BUKOPUCTAH-
HAM Pi3HUX METOZAiB aHanily [03BONSE AO0CATTM Hinbl
KOMMIEKCHOTO PO3YMIHHA CTPYKTYpU 1 PYHKLIA MiKpo-
6iomy KMLWKiBHUKA. Lle cnpuae po3KpuUTTIO 3B’A3KIB MiXK
MiKpOobioTOto Ta aganTaLi€eto 40 Ppi3UYHNX HAaBAHTAXKEHD,
WO BiAKPMBAE NepCneKkTMBU gnAa iHaMBiAyanisauii Tpe-
HYBasbHMUX Mporpam i nNpodiNakTUKM 3axBOPHOBAHb,
acouiioBaHux i3 gucbiosom. Moganblui AoCNigKEHHA B
LLbOMY HanpAMKY 34aTHi 3HAYHO PO3LIMPUTM HaLLi 3HAH-
HS NPO PO/ib MiKpobiomy B MiATPMMLI 340P0B’A TOANHM
i i Npawe3aaTHOCTI, @ TaKOX MOro BN/MB Ha Qi3ionorivHi
Ta b6ioximiuHi npouecwy.

MepcnekTMBM NOAANbLUNX AOCAIAMKEHD.

Mopanbwi AocnigKeHHs OyayTb CNpAMOBAHiI Ha
6inblW rMBOKe po3ymiHHA 3B’A3KiB MiKpobiomy 3 pis-
HMMW acrnekTamu 340pOB’s NOANHU, BNPOBAAKEHHA
HOBMX TEXHONOTIN i pO3pPO6KY NPaKTUYHMUX 3aCTOCYBaHb
Yy CMOPTUBHIA MeauUUMHI Ta aietonorii. Lle Ao3BoinTb
He /ivwe AjarHOCTYBaTU W NiKyBaTW 3aXBOPIOBaHHA, a 1
CTBOPIOBATM YMOBM AN1A iHAMBIAYAaNbHUX 3MiH Y TPEHY-
Ba/IbHOMY MpoLeci Ta NiArOTOBKM A0 3MaraHb, 3BaXKato-
UM Ha IHAMBIAYaNbHUX CKNAg MiKpobiomy aTnerTis.

ISSN 2077-4214. Bicuuxk npo6nem 6ionorii i meanuunn — 2025 — Bun. 1(176) / Bulletin of problems in biology and medicine — 2025 - Issue 1(176)

https://www.pdmu.edu.ua/ 1a https://vpbim.com.ua/

379




METOAUN TA METOAUKU / METHODS AND METHODOLOGIES

References / Nitepartypa

Hou K, Wu ZX, Chen XY, Wang JQ, Zhang D, Xiao C, et al. Microbiota in health and diseases. Signal Transduct Target Ther. 2022;7(1):135.

DOI: 10.1038/s41392-022-00974-4.

Bradley E, Haran J. The human gut microbiome and aging. Gut Microbes. 2024;16(1):2359677. DOI: 10.1080/19490976.2024.2359677.

Fontana F, Longhi G, Tarracchini C, Mancabelli L, Lugli GA, Alessandri G, et al. The human gut microbiome of athletes: metagenomic and

metabolic insights. Microbiome. 2023;11(1):27. DOI: 10.1186/s40168-023-01470-9.

Hughes RL, Holscher HD. Fueling Gut Microbes: A Review of the Interaction between Diet, Exercise, and the Gut Microbiota in Athletes.

Adv Nutr. 2021;12(6):2190-2215. DOI: 10.1093/advances/nmab077.

FanL, XiaY,WangY, HanD, LiuY, LiJ, et al. Gut microbiota bridges dietary nutrients and host immunity. Sci China Life Sci. 2023;66(11):2466-

2514. DOI: 10.1007/s11427-023-2346-1.

Sangermani M, Desiati |, Jergensen SM, Li JV, Andreassen T, Bathen TF, et al. Stability in fecal metabolites amid a diverse gut

microbiome composition: a one-month longitudinal study of variability in healthy individuals. Gut Microbes. 2024;16(1):2427878. DOI:

10.1080/19490976.2024.2427878.

Portincasa P, Bonfrate L, Vacca M, De Angelis M, Farella I, Lanza E, et al. Gut Microbiota and Short Chain Fatty Acids: Implications in

Glucose Homeostasis. Int J Mol Sci. 2022;23(3):1105. DOI: 10.3390/ijms23031105.

Zhang X, Li L, Butcher J, Stintzi A, Figeys D. Advancing functional and translational microbiome research using meta-omics approaches.

Microbiome. 2019;7(1):154. DOI: 10.1186/s40168-019-0767-6.

National Academies of Sciences, Engineering, and Medicine, Division on Earth and Life Studies, Board on Life Sciences, Board on

Environmental Studies and Toxicology, Committee on Advancing Understanding of the Implications of Environmental-Chemical Interactions

with the Human Microbiome. Environmental Chemicals, the Human Microbiome, and Health Risk: A Research Strategy. Washington (DC):

National Academies Press; 2017. Available from: https://www.ncbi.nlm.nih.gov/books/NBK481559/.

10.O’Brien MT, O’Sullivan O, Claesson MJ, Cotter PD. The Athlete Gut Microbiome and its Relevance to Health and Performance: A Review.
Sports Med. 2022;52(1):119-128. DOI: 10.1007/s40279-022-01785-x.

11. Al Bander Z, Nitert MD, Mousa A, Naderpoor N. The Gut Microbiota and Inflammation: An Overview. Int J Environ Res Public Health.
2020;17(20):7618. DOI: 10.3390/ijerph17207618.

12.Wan X, Yang Q, Wang X, Bai Y, Liu Z. Isolation and Cultivation of Human Gut Microorganisms: A Review. Microorganisms. 2023;11(4):1080.
DOI: 10.3390/microorganisms11041080.

13.Wensel CR, Pluznick JL, Salzberg SL, Sears CL. Next-generation sequencing: insights to advance clinical investigations of the microbiome.
J Clin Invest. 2022;132(7):e154944. DOI: 10.1172/JCI154944.

14.Kim D, Jung JY, Oh HS, Jee SR, Park SJ, Lee SH, et al. Comparison of sampling methods in assessing the microbiome from patients with
ulcerative colitis. BMC Gastroenterol. 2021;21(1):396. DOI: 10.1186/s12876-021-01975-3.

15.Miyauchi E, Taida T, Kawasumi M, Ohkusa T, Sato N, Ohno H. Analysis of colonic mucosa-associated microbiota using endoscopically
collected lavage. Sci Rep. 2022;12(1):1758. DOI: 10.1038/s41598-022-05936-y.

16.Marquez-Ortiz RA, Leon M, Abril D, Escobar-Perez J, Florez-Sarmiento C, Parra-lzquierdo V, et al. Colonoscopy aspiration lavages for
mucosal metataxonomic profiling of spondylarthritis-associated gastrointestinal tract alterations. Sci Rep. 2023;13(1):7015. DOI: 10.1038/
$41598-023-33597-y.

17.Tang Q, Jin G, Wang G, Liu T, Liu X, Wang B, et al. Current Sampling Methods for Gut Microbiota: A Call for More Precise Devices. Front
Cell Infect Microbiol. 2020 9;10:151. DOI: 10.3389/fcimb.2020.00151.

18.Nejati S, Wang J, Sedaghat S, Balog NK, Long AM, Rivera UH, et al. Smart capsule for targeted proximal colon microbiome sampling. Acta
Biomater. 2022;154:83-96. DOI: 10.1016/j.actbio.2022.09.050.

19.Wu WK, Chen CC, Panyod S, Chen RA, Wu MS, Sheen LY, et al. Optimization of fecal sample processing for microbiome study — The
journey from bathroom to bench. J Formos Med Assoc. 2019;118(2):545-555. DOI: 10.1016/}.jfma.2018.02.005.

20.Choo JM, Leong LE, Rogers GB. Sample storage conditions significantly influence faecal microbiome profiles. Sci Rep. 2015;5:16350.
DOI: 10.1038/srep16350.

21.Dore J, Ehrlich SD, Levenez F, Pelletier E, Alberti A, Bertrand L, et al. IHMS_SOP 02 V1: Standard operating procedure for fecal samples
selflIcollection, laboratory analysis handled within 4 hours (x< 4 hours). Paris: IHMS Consortium; 2015. 13 p. Available from: http://www.
microbiome  Istandards.org.

22.Kim D, Hofstaedter CE, Zhao C, Mattei L, Tanes C, Clarke E, et al. Optimizing methods and dodging pitfalls in microbiome research.
Microbiome. 2017;5(1):52. DOI: 10.1186/s40168-017-0267-5.

23.Kumar A, Gravdal K, Segal JP, Steed H, Brookes MJ, Al-Hassi HO. Variability in the Pre-Analytical Stages Influences Microbiome
Laboratory Analyses. Genes (Basel). 2022;13(6):1069. DOI: 10.3390/genes13061069.

24.Galloway-Pefa J, Hanson B. Tools for Analysis of the Microbiome. Dig Dis Sci. 2020;65(3):674-685. DOI: 10.1007/s10620-020-06091-y.

25. Allaband C, McDonald D, Vazquez-Baeza Y, Minich JJ, Tripathi A, Brenner DA, et al. Microbiome 101: Studying, Analyzing, and Interpreting
Gut Microbiome Data for Clinicians. Clin Gastroenterol Hepatol. 2019;17(2):218-230. DOI: 10.1016/j.cgh.2018.09.017.

26.Jeong J, Mun S, Oh 'Y, Cho CS, Yun K, Ahn Y, et al. A gqRT-PCR Method Capable of Quantifying Specific Microorganisms Compared to
NGS-Based Metagenome Profiling Data. Microorganisms. 2022;10(2):324. DOI: 10.3390/microorganisms10020324.

27.Hughes RL, Frankenfeld CL, Gohl DM, Huttenhower C, Jackson SA, Vandeputte D, et al. Methods in Nutrition & Gut Microbiome Research:
An American Society for Nutrition Satellite Session. Nutrients. 2023;15(11):2451. DOI: 10.3390/nu15112451.

28.Nearing JT, Douglas GM, Hayes MG, MacDonald J, Desai DK, Allward N, et al. Microbiome differential abundance methods produce
different results across 38 datasets. Nat Commun. 2022;13(1):342. DOI: 10.1038/s41467-022-28034-z.

29.Gotschlich EC, Colbert RA, Gill T. Methods in microbiome research: Past, present, and future. Best Pract Res Clin Rheumatol.
2019;33(6):101498. DOI: 10.1016/j.berh.2020.101498.

30.Ji B, Nielsen J. From next-generation sequencing to systematic modeling of the gut microbiome. Front Genet. 2015;6:219. DOI: 10.3389/
fgene.2015.00219.

31.Fricker AM, Podlesny D, Fricke WF. What is new and relevant for sequencing-based microbiome research? A mini-review. J Adv Res.
2019;19:105-112. DOI: 10.1016/}.jare.2019.

32.Panek M, Cipci¢ Paljetak H, Baresi¢ A, Peri¢ M, Matijasi¢ M, Lojki¢ |, et al. Methodology challenges in studying human gut microbiota
— effects of collection, storage, DNA extraction and next generation sequencing technologies. Sci Rep. 2018;8(1):5143. DOI: 10.1038/
$41598-018-23296-4.

33.Casén C, Vebg HC, Sekelja M, Hegge FT, Karlsson MK, Ciemniejewska E, et al. Deviations in human gut microbiota: a novel diagnostic
test for determining dysbiosis in patients with IBS or IBD. Aliment Pharmacol Ther. 2015;42(1):71-83. DOI: 10.1111/apt.13236.

34.Lutz KC, Jiang S, Neugent ML, De Nisco NJ, Zhan X, Li Q. A Survey of Statistical Methods for Microbiome Data Analysis. Front Appl Math
Stat. 2022;8:884810. DOI: 10.3389/fams.2022.884810.

35. Walker-Daniels J. Microbiome Research Methodologies. Mater Methods. 2020;10:2883. DOI: 10.13070/mm.en.10.2883.

-

R

o

I

® N

©

NOPIBHANbHUM AHANI3 CYYACHUX METOAIB AOCNIAMEHHA CKNALY MIKPOBIOMY KULLIKIBHUKA NOAuU-
HU

Nannagjina O. /1., Kanira A. M.

Pestome. MiKpobiom KULWKIBHMKA NOANHW ABNSE COOOKO AMHAMIYHY MIKPOOHY CMiZIbHOTY, AIKa BK/AOYaE bakTepii,
apxei, rpmMbu Ta BipycH, WO B3aEMOAIIOTb AK MiXK C0B0t0, TaK i 3 opraHiamom xassiHa. Lia cknagHa cTpyKTypa BUKOHYE
Ba*K/IMBI PO, 30KpeMa niaTprMaHHA 6ap’epHOT PYHKLT C1M30B0T 060NOHKM KULLIKIBHUKA, CUHTE3 NEBHUX MeTaboNiTiB,
TaKMX AK KOPOTKONAHLIOTOBI XMPHi KMCNOTH, Ta perynauia poboTtu imyHHoI cuctemn. Mikpobiom Takox BNAMBAE Ha
MeTabo/1i3M MaKpO- i MiKPOHYTPIEHTIB, CNPUAIOYM iX 3aCBOEHHIO. B OCTaHHI poKu 3pocna yBara 4o posi mikpobiomy y
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3abe3neveHHi aganTauii 40 Gi3UYHMX HaBaHTaXKeHb, LLO 0CO6/IMBO BaXKAMBO ANA CNOPTCMeHiB. AucbanaHc y cknagi
MIKpOBIOTN MOXKe CNPUYNHATY NOPYLLIEHHA METAabOoNIYHMX NPOLLECIB, 3HUMKEHHS IMYHITETY Ta BUHUKHEHHSA XPOHIYHUX
3ana/ibHMX CTaHiB. TaKUM YNHOM, LOC/IAKEHHSA MIKPOBIOMY CTA€ BaXK/IMBUM iHCTPYMEHTOM A1 BUBYEHHA MEXaHi3MiB,
AKi 3a6e3neyytoTb ONTUManbHy Gi3MYHy NpaLe3aaTHICTb | 3arasibHUI CTaH 340P0B’A NIOANHW. Y AaHOMY AOCAIAKEHHI
NPoBeAEHO aHa/i3 CyYaCHMX i HAMMOLWMPEHILIMX METOAIB BUBYEHHS MiKPOBiOMYy KMLLKIBHMKA, BKIHOYAOUM Noslimepas-
Hy NaHutoroy peakuito (MJ1P), cekBeHyBaHHA reHa 16S pPHK i meTareHOMHe cekBeHyBaHHsA. Pe3ynbTaTv Nokasanu, Wwo
MJ1P 3a6e3neyye BUCOKY YyTAUBICTb i cneLmivHiCTb 415 BUSHAYEHHA OKPEMMX MIKPOOPraHi3MiB, O4HaK 0OMeKYETbCA
Y 34aTHOCTI XapaKTepu3yBaTh 3arasibHUI Mikpobiom. CekBeHyBaHHA 16S pPHK € epeKTMBHUM A8 TaKCOHOMIYHOTO
aHanisy, NpoTe Mae 0bMeKeHHA Y BUBYEHHI GYHKLiOHAIbHOrO NOTeHLiany MikpobioTu. MeTareHoOMHe CeKBEeHyBaHHS,
3aBAAKM CBOI 34aTHOCTI ifeHTUiIKYBaTW NOBHI rEHOMMW MIKPOOPTraHi3MiB i OLiHIOBATH iXHili GYHKLiOHabHWIA NOTEHL, -
an, BU3HaHe HanhbinbL iHGOPMaTUBHUM METOLOM, ane BOLHOYAC NOTPebye 3HaYHMX PeCypCiB | TEXHIYHOT NiArOTOBKM.

BctaHOBNEHO, LLO YMOBM 360pY, 36epiraHHA Ta TPAHCMOPTYBaHHA 3pPa3kKiB € KPUTUYHO BAXKAUBUMU NS LOCTOBIP-
HOCTI pe3ynbTaTis aHanisy. Ocobamsy yBary NnpuaineHo pekanbHUM 3pasKkam, siKi € OCHOBHUM AKepesioM ANs HeiHBa-
3MBHOTO AOCANIAMKEeHHS MiKpobiomy. [locniarKeHHA TaKoX NPOAeMOHCTPYBa10 ePeKTUBHICTb iHTerpaLji pisHUxX nigxoais
ONA KOMIMEKCHOTO BMBYEHHA CTPYKTYPU M GYHKLiA MiKpobiomy. OTprMaHi pe3ynstaTi NigKpecaoTb NepcneKkTms-
HiCTb BUKOPUCTAHHSA LMX METOAIB AN PO3KPUTTA 3B’A3KIB MiX MiKpobioToto, disionoriuHoto aganTaljieto Ta CnopTmB-
HO NPOAYKTUBHICTIO, LLLO MOXKe ByT! OCHOBOO AN iHAMBIAYaNi3aLii TpeHyBabHMX NPOrpam i NPodinakTUKKM 3axBo-
proBaHb, acoLiioBaHuX i3 AMcHio3om.

KntouyoBi cnoBa: meTareHoMiKa, 6ioiHGOpMaTHKa, CEKBEHYBAHHA HOBOrO NOKOANIHHA, MiKpObioTa, reHeTUYHe TecTy-
BaHHA, cekBeHyBaHHA 16S pPHK.

COMPARATIVE ANALYSIS OF CONTEMPORARY METHODS FOR INVESTIGATING THE COMPOSITION OF THE
HUMAN GUT MICROBIOME

Palladina O. L., Kaliga A. M.

Abstract. The human gut microbiome represents a dynamic microbial community comprising bacteria, archaea,
fungi, and viruses, which interact both with each other and with the host organism. This complex structure plays vital
roles, including maintaining the barrier function of the intestinal mucosa, synthesizing specific metabolites such as
short-chain fatty acids, and regulating the immune system. The microbiome also influences the metabolism of macro-
and micronutrients, facilitating their absorption. In recent years, increased attention has been paid to the role of the
microbiome in enabling adaptation to physical exertion, which is particularly significant for athletes. Animbalance in the
composition of the microbiota can lead to disruptions in metabolic processes, reduced immunity, and the development
of chronic inflammatory conditions. Thus, studying the microbiome becomes a crucial tool for understanding the
mechanisms that ensure optimal physical performance and overall human health. This study analyzed contemporary
and widely used methods for studying the gut microbiome, including polymerase chain reaction (PCR), 16S rRNA gene
sequencing, and metagenomic sequencing. The results demonstrated that PCR provides high sensitivity and specificity
for detecting individual microorganisms but is limited in its ability to characterize the overall microbiome structure. 16S
rRNA gene sequencing is effective for taxonomic analysis, though it has limitations in exploring the functional potential
of the microbiota. Metagenomic sequencing, with its ability to identify complete microbial genomes and evaluate their
functional potential, was found to be the most informative method, albeit requiring substantial resources and technical
preparation.

It was established that the conditions for sample collection, storage, and transportation are critical for ensuring
the reliability of analysis results. Particular attention was given to fecal samples as the primary non-invasive source for
microbiome research. The study highlighted the effectiveness of integrating different approaches for comprehensive
investigation of the microbiome’s structure and functions. The findings underscore the potential of these methods
for uncovering the relationships between microbiota, physiological adaptation, and athletic performance, providing a
foundation for individualizing training programs and preventing microbiota-related disorders.

Key words: metagenomics, bioinformatics, next-generation sequencing, microbiota, genetic testing, 16S rRNA
sequencing.
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