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Abstract

Gut microbiota has a significant role in maintaining
the overall health in humans and higher animals. Balanced
diet, genetic makeup, and use of antibiotics highly influence
the microbial population in the gastrointestinal tract. This
review article presents a detailed background on the gut
microbiota, including its composition and the various factors
influencing its diversity and stability. Strategies for
maintaining a healthy gut microbiota are explored, along
with an examination of the role of neurotransmitters in
regulating gut-brain communication. Research shows that
machine learning has a huge potential in elucidating the gut
microbiome. Wellbeing and health is directly associated with
gut microbiome.

Introduction

The foundation of life on earth is made up of microbes. Our planet has been transformed

by microbes from the beginning of time. They have inhabited every imaginable niche on the

globe over billions of years (Cavalier-Smith et al., 2006). Oceans and the atmosphere were

altered by microbes, creating environments that supported multicellular creatures (Gibbons and
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Gilbert, 2015). It has been established that microbes in the ocean have just as much of an impact
on the global climate as do those in cattle's gastrointestinal (GI) tracts. In addition, recent
research is attributing new roles to human microbiome (King et al., 2019). The American
microbiologist and Nobel laureate Joshua Lederberg is credited with coining the term
"microbiome" in 2001 (Perciaccante and Donell, 2022). The word "microbiome" refers to the
genome of all symbiotic and harmful bacteria found in and on all vertebrates. The collective
genome of the bacteria, archaea, viruses, and fungi that live in the gut makes up the gut
microbiome (Berg et al., 2020) . On the other hand, the collection of microorganisms found in
a certain habitat is known as the microbiota. Lederberg and McCray were the first to use the
word "microbiota," emphasizing the significance of the microorganisms that live inside the
human body in both health and sickness (Marchesi and Ravel, 2015).

The collection of microbes that live in our digestive tract is known as the gut microbiota
(Sokol H., 2019). The human gastrointestinal (GI) tract is one of the body's most extensive
interfaces (250-400 m?) with the outside world, foreign substances, and the immune system
(Thursby and Juge, 2017). An estimated 60 tons of food travel through the human GI tract in a
lifetime, along with numerous microbes that pose a serious threat to gut health (Akimbekov et
al., 2020). The phrase "gut microbiota" refers to the assortment of bacteria, archaea, and
eukarya that colonize the GI tract and has co-evolved with the host over thousands of years to
develop an intricate and beneficial interaction (Quercia et al., 2014; Sekirov et al., 2010). The
evolutionary history between the host and its gut microbial strain plays a quintessential role as
the host-adapted gut microbiota has niche-specific modifications to colonize the
microecological niche and promote health. The niche-specific modifications are brought about
by genome specialization culminating in higher immune tolerance, resistance to
enteropathogens, metabolic activity, and functionality within the host (Fassarella et al., 2021)
.With a density of 10'°-10'> CFU/g of intestinal material, the gut microbiota has the highest
number of cells in the colon and is the planet's densest and most diversified ecosystem
(Martinez-Guryn et al., 2019; Quercia et al., 2014).In addition to bacteria, the microbiota also
includes fungi, viruses, and protists. After birth, the microbiota progressively settles and is
regarded as an adult around the age of three. Numerous environmental factors and the genetics
of the host can influence the microbiota. Many human diseases are characterized by an
unbalanced microbiota (dysbiosis), which has a function in many of them but varies in
importance from one disease to another (Sokol, 2019).

The healthy gut microbiota has specialized roles in the host's food metabolism

(Rowland et al., 2018), the metabolism of xenobiotics and drugs (Collins and Patterson, 2020),
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the preservation of the structural and functional integrity of the gut mucosal barrier (Okumura
and Takeda, 2018), immunomodulation (Lié¢bana-Garcia et al., 2021) and pathogen defense
(Cheng et al., 2019). Fermentation of non-digestible substrates, such as food fibers and
endogenous intestinal mucus, is made possible by the microbiota of the gut, which offers the
necessary capacities for the process. This fermentation provides a favorable environment for
the proliferation of specialized bacteria that are responsible for the production of short-chain
fatty acids (SCFAs) (Figure 1) and gases. Acetate, propionate, and butyrate are the three
primary SCFAs that are generated (Valdes et al., 2018).

Short-Chain Fatty Acids (SCFAs)
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Figure 1. Short- Chain Fatty Acids; Acetate, Butyrate and Propionate
Human colonocytes mostly derive their energy from butyrate (Canani, 2011), which

can also cause colon cancer cells to die (Chen et al, 2019) and promote intestinal
gluconeogenesis (Ji et al., 2018), both of which have favorable impacts on glucose and energy
homeostasis. To generate a condition of hypoxia that ensures the equilibrium of oxygen in the
gut and prevents gut microbial dysbiosis, epithelial cells need butyrate in order to consume
huge quantities of oxygen through the process of beta-oxidation (Gill et al., 2018; Salvi and
Cowles, 2021).Propionate is transported to the liver, where it interacts with gut fatty acid
receptors to control gluconeogenesis and satiety signaling (Bindels et al., 2012). Acetate, which
is the most prevalent SCFA and a necessary metabolite for the growth of other bacteria, travels
to the peripheral tissues, where it is employed in the metabolism of cholesterol and lipogenesis,
and it may also have a role in the regulation of appetite in the central nervous system
(Hernandez et al., 2019; Schoeler and Caesar, 2019; Tsukuda et al., 2021). Bile acid metabolism

is aided by gut microbial enzymes, which produce unconjugated and secondary bile acids that
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act as metabolic regulators and signaling molecules to affect key host pathways (Cai et al.,
2022).

However, gut microbiota can be negatively affected by environmental conditions,
unhealthy food habits, and the use of medications (Hrncir, 2022). An imbalance in the natural
microbiota of the gut has been connected with gastrointestinal disorders such as inflammatory
bowel disease (IBD) (Alam et al., 2020) and irritable bowel syndrome (IBS) (Menees and Chey,
2018), as well as wider systemic manifestations of disease such as obesity (Mitev and Taleski,
2019), type 2 diabetes (Iatcu et al., 2021), and atopic dermatitis (Lee et al., 2018). Thus, it is
extremely important to maintain a healthy balance of gut microbiota for better health. This has
prompted researchers to extensively study the microbes and also its genetic machinery in order
to delve into both their positive and negative aspects. This review attempts to give a detailed
scenario of gut microbiota and its role in the onset of diseases. Efforts have also been made to
illustrate the role of gut microbiota in the immune system and the beneficial role of probiotics
in the improvement of intestinal flora also explaining the role of machine learning in the
elucidation of healthy gut microbiota.

Composition of Gut microbiota

The gut microbiota has a very specific phylogenetic structure, which has led to the
formation of a tree with few branches and a significant amount of branching at its extremities
(Costello et al., 2009). Viruses, yeasts, and bacteria make up the gut microbiome. More than
1000 species of bacteria from six major phyla—Firmicutes, Bacteroidetes, Actinobacteria,
Proteobacteria, Fusobacteria, and Verrucomicrobia—represent bacteria in the gastrointestinal
tract (Stojanov et al., 2020). The bulk of the bacterial species that were found in the human gut
microbiota belonged to the phyla known as Firmicutes and Bacteroidetes (King et al., 2019).
More than 200 distinct genera, including Lactobacillus, Bacillus, Clostridium, Enterococcus,
and Ruminicoccus, make up the Firmicutes phylum. 95% of the Firmicutes phylum is made up
of the Clostridium genera. Prevotella and Bacteroides are two of the most common genera in
the family Bacteroidetes. The Bifidobacterium genus dominates the Actinobacteria phylum,
which is proportionally less common (Rinninella et al., 2019). The human gut microbiota varies
taxonomically and functionally in each section of the gastrointestinal system (Hollister et al.,
2014) and it also undergoes changes within the same individual because of infant transitions,
age, and environmental influences like antibiotic use (Ahn and Hayes, 2021). The gut
microbiota differs according to the different anatomical sections of the intestine, each of which

has its own unique physiology, pH level, and oxygen tension, as well as digestive flow rates,
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substrate availability, and host secretions (Flint et al., 2012) . The various gut microbes found

in different locations of digestive tract are tabulated in Table 1 and shown in Figure 2.

Table 1: Variation of microbes in different positions of the gut.

S. Location
No.
1. Oral cavity

2. Esophagus

3. Stomach

4. Duodenum
3. Jejunum
6. Ileum

7. Colon

Phylum

Actinobacteria
Bacteroidetes
Firmicutes

Fusobacteria

Proteobacteria
Actinobacteria
Bacteroidetes
Firmicutes

Proteobacteria
Actinobacteria
Bacteroidetes
Firmicutes

Proteobacteria
Actinobacteria
Bacteroidetes
Firmicutes

Proteobacteria
Actinobacteria

Bacteroidetes
Firmicutes

Proteobacteria
Actinobacteria
Bacteroidetes
Firmicutes

Actinobacteria
Bacteroidetes

Firmicutes

Bacterial species

Corynebacterium
Porphyromonas
Streptococcus
Veillonella sp
Fusobacterium

Leptotrichia
Haemophilus
Rothia
Prevotella
Streptococcus

Actinobacillus
Rothia
Prevotella
Streptococcus
Enterococcus

Helicobacter
Bifidobacterium
Prevotella
Streptococcus
Lactobacillus

Enterococcus

Neisseria
Bifidobacterium

Prevotella
Clostridium

Lactobacillus
Escherichia
Bifidobacterium
Bacteroides

Peptostreptococcus

Enterococcus
Lactobacillus
Bifidobacterium
Alistipes

Clostridium
Ruminococcus
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Figure 2. Different gut microbial strains
FACTORS AFFECTING GUT MICROBIOTA

Variation of Gut microbiota according to gestational age

The gut microbiota colonization process is heavily influenced by the gestational age at the
time of birth (Yao et al., 2021). Preterm newborns, defined as those born at less than 37 weeks
of gestation, have a unique microbiota composition compared to their term counterparts
(Rinninella et al., 2019).After delivery, microbiota colonization can be difficult for premature
newborns because of environmental influences such as the use of antibiotics, time spent in the
hospital, and enteral feeding (Arboleya et al., 2012). Due to these factors, the preterm birth will
have a significant impact on the maturation of the gut and the immune system after birth (Ren
et al.,, 2018). An examination of the gut microbiota composition of preterm and term pigs
revealed that the genera Ruminococcus spp., certain Enterobacterium spp., Lachnospiraceae,
Peptostreptococcaceae, and Clostridiaceae were the most prevalent in both groups. On the
other hand, a greater abundance of Enterococcus spp. was observed in preterm pig than in
termed pig (Ren et al., 2018). It was also reported that Preterm newborns had lower
concentrations of stringent anaerobes like Bifidobacterium, Bacteroides, and Atopobium and

larger concentrations of facultative anaerobes (Arboleya et al., 2012).
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Human milk composition and gut microbiota

Breastfeeding is the most important postnatal connection between mothers and newborns
because it promotes microbial colonization, immune system development, and metabolic
support, all of which play a significant part in infant health programming (Shamir, 2016). Since
it is perfectly suited to newborn nutritional needs and promotes optimal child growth and
development, human milk is the gold standard for infant (Selma-Royo et al., 2021). Human
milk includes a staggering variety of microorganisms which help to seed the baby's
gastrointestinal microbiota, affects the baby's immunological, metabolic developments and
eventual health (Stinson et al., 2021). There are four phenotypes of human milk, each with a
distinct proportion of oligosaccharides, depending on genetics, the mother's secretor, and the
Lewis blood group (Gabrielli et al., 2011). It is observed that in preterm newborns of non-
secretor moms, higher levels of Proteobacteria and lower levels of Firmicutes are observed
(Underwood et al., 2015). Oligosaccharides in human milk promote the formation of
Bifidobacteria, which helps shape the gut microbiota of babies (Lubiech and Twaruzek, 2020).
The prebiotic effects of human milk oligosaccharides in breast-fed infants are best recognized
for the rise of Bifidobacterium infantis, B. breve, or B. bifidum strains because of their
significant bifidogenic effects (Gueimonde et al., 2007). By directly attaching to epithelial
surface receptors and preventing pathogens from accessing the mucosal surfaces, human milk
oligosaccharides have demonstrated antibacterial and antiviral properties (Ayechu-Muruzabal
et al., 2018). Human milk naturally contains lactoferrin (LF), which has antibacterial (Niaz et
al., 2019), immunostimulatory (Czosnykowska-fukacka et al., 2019), and immunomodulatory
characteristics. It is reported that LF supports microbial ecology in newborns' guts that
encourages the colonization of good bacteria ((Mastromarino et al., 2014).
Delivery and gut microbiota

The intestine is bacteria-free and sterile at birth (Glassner et al., 2020). Following birth, the
mother's skin, vaginal and fecal microbiota, and environmental microbiota interactions create
a rich and dynamic ecosystem (Moore and Townsend, 2019). Depending on the method of
distribution, different microbiota gets colonized. Children born naturally have microbial
communities that are similar to their mothers' vaginal microbiota (e.g., Lactobacillus spp.,
Prevotella spp., Sneathia spp.). This happens when the mother's vaginal-perianal bacteria are
vertically transferred to the baby as it goes through the birth canal (Y. Yang and Jobin, 2017).
On the other hand, children born via caesarean section have microbial communities that are
similar to their mothers' skin microbiota (Staphylococcus, Streptococcus, and Clostridium)

(Coelho et al., 2021). A newborn born by caesarean section has germs in its stomach that had
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been horizontally transported from the skin surfaces of the mother, other people, and, to a lesser
extent, the birth site. Staphylococcus, Corynebacteria, and Propionibacterium spp. are
frequently more prevalent in newborn microbiomes as a result, while Bifidobacteria and
Bacteroides spp. are typically in less amounts (Dominguez-Bello et al., 2010; Shin et al., 2015;
B. Yang et al., 2015). Few bacterial species are found in the vaginal microbial communities,
with Lactobacilli making up 50% of the entire microbial ecosystem, even during childbirth and
in a geographically dependent way (Putignani et al., 2014). Moreover, Infants delivered by
surgery had a less diverse gut microbiome than those delivered vaginally, in addition to
differences in bacterial genera (Rutayisire et al., 2016). This could be significant because low
diversity of microorganisms within the gut has been associated to several human disorders,
including inflammatory bowel disease and obesity (Johnson and Loftus, 2021) whereas high
diversity is generally thought to be protective (I. Yang et al., 2016).

Gut microbial composition and feeding methods
Compared to breastfed infants, formula-fed newborns are more likely to have Escherichia

coli, Bacteroides, and Clostridium difficile colonization (Lees et al., 2016). It is also found that
breastfeeding and formula milk have been linked to Bifidobacterium species abundance
(Saturio et al., 2021). It was however found that formula-fed infants without probiotic
supplements had lower levels of Bifidobacterium longum in their guts than breast milk-fed at
full term (S. A. Lee et al., 2015). In addition, there are commensal bacteria such as Lactobacilli,
Lactococci, Enterococci, and Leuconostoc spp. in the breast milk of healthy women (Cooke et
al., 2005; Gueimonde et al., 2007).Lactobacillus fermentum, Lactobacillus fermentum,
Lactobacillus plantarum, Lactobacillus gasseri, and Enterococcus faecium have all been found
to be present in breast milk (Lubiech and Twaruzek, 2020).

Gut microbiota and antibiotics use
Antibiotic use can change the composition of the gut microbiota. The use of broad-spectrum

antibiotics has been found to increase the proportion of Bacteroidetes to Firmicutes (Ramirez
et al., 2020). In another study, it was found that the administration of vancomycin-imipenem
led to higher concentrations of arabinitol and carbohydrates (such as sucrose) in feces (Choo
etal., 2017). Elevated levels of these compounds have been related to an increased vulnerability
to Clostridioides difficile infection by serving as a growth substrate. Additionally, the relative
abundance of the Lachnospiraceae and Ruminococcaceae bacteria that typically convert
arabinitol to pentose sugars was reduced by vancomycin/imipenem (Haak et al., 2019).A
separate study demonstrated that oral administration of vancomycin, ciprofloxacin and

metronidazole resulted in a change in gut microbial diversity in healthy humans. It was
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observed that there was a decrease in Bacteriodetes and an increase in Firmicutes in the phylum
level. It was further observed that Streptococcus and Lactobacillus species were dramatically
outgrown in antibiotic-treated patients on a genus level at day 9 of treatment, and obligately
anaerobic taxa including Bacteroides, Subdoligranulum, and Faecalibacterium decreased. The
abundance of the genera Streptococcus and Lactobacillus decreased, and the anaerobic
communities were restored on day 49, showing a partial return to baseline; however,
community composition often remained altered from its initial state (Lange et al., 2016; Haak

et al., 2019).Various factors that affect the gut microbiota composition are shown in Figure 3.
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Figure 3. Factors affecting the gut microflora
METHODS TO STUDY HUMAN GUT MICROBIOTA

Microbial ecosystem of the human gut consists of about 100 trillion microbes (Grice and
Segre 2012) which is influenced by an individual's diet (Turnbaugh et al. 2009). The presence
of microbiota in the digestive system also impacts host metabolism and immunity (Tilg and
Kaser 2011). The collection method for samples plays a crucial role in ensuring the integrity
and stability of bacteria, facilitating the DNA extraction process (Lauber et al. 2010). The DNA
extraction stage from feces is crucial for obtaining high-quality DNA and achieving accurate
identification of microbial composition and relative abundance (Thomas, Gilbert, and Meyer
2014). Extracting bacterial DNA from fecal samples is particularly challenging due to the
presence of dietary DNA, human DNA traces, and inhibitory substances that can hinder PCR
amplification and NGS techniques (Nechvatal et al. 2008). Next-generation sequencing (NGS)
is used to determine the bacterial composition in a sample by analyzing DNA fragments
obtained from the total DNA isolate. Shotgun sequencing provides comprehensive data on the
entire gene pool in the sample, but the large volume of data collected requires extensive
bioinformatics work for sequence assembly, mapping, and analysis. For the analysis of
bacterial community composition in various research fields, both clinical and environmental,

sequencing of 16S rRNA gene amplicons is the preferred method, as it offers cost-effectiveness,
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sufficient resolution, and sequencing depth (Sanschagrin and Yergeau 2014; Chen et al., 2021;
Salipante et al. 2014; Sinclair et al. 2015; Janda and Abbott 2007).

There are several techniques to study gut microbiota. Some microorganisms can grow on
culture, while others don't. Based on this, they are divided into two categories: culture-
dependent and culture-independent.

Culture independent techniques:
Metagenomic studies

Metagenomics has played a pivotal role in identifying the phylogenetic composition of
approximately 80% of uncultured microbes, leading to significant advancements in the study
of human microflora over the past two decades (Wang et al., 2023). This technique involves
sequencing the complete genetic material found in a sample, encompassing both bacterial and
human DNA (Ye et al., 2019). It enables a comprehensive understanding of the microbial
community and its functional capabilities within the microbiome. It also plays a significant role
in studying the human gut microbiota by identifying microbial patterns associated with various
health outcomes (Ye et al., 2019). For instance, research has demonstrated distinctions in the
gut microbiota between obese and lean individuals, as well as the association of specific
microbial taxa and metabolic pathways with obesity and its related conditions (Wang et al.,
2023). To analyze the intricate gut microbial community, researchers employ a random
sequencing approach to catalog all the genes associated with the bacterial population. (Gill et
al. 2006; Turnbaugh et al. 2009; Qin et al. 2010)

To begin, fecal samples are used or the extraction of the complete DNA of all

microorganisms. The total DNA samples are randomly fragmented using a technique known as
the "shotgun" method before undergoing sequencing. Subsequently, the comprehensive
sequences are scrutinized to generate species profiles utilizing phylogenetic markers such as
16S rDNA (Sunagawa et al. 2013) or genomic profiles using complete genomes (Tringe et al.
2005).
Metagenomics studies have the potential to identify potential probiotic strains and develop
personalized microbiome-based therapies (Pigeyre et al., 2016). Through the identification of
specific microorganisms that may be lacking or depleted in a patient's gut microbiota,
researchers can employ targeted interventions to restore a healthy microbial balance and
enhance health outcomes. According to initial metagenomic investigations that focused on
analyzing environmental samples, it was discovered that 80% of the bacteria detected using
metagenomics or by targeting the 16S rRNA gene through pyrosequencing had not been
previously cultivated (Venter et al. 2004; Raman et al. 2005).
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The evaluation of microbial relative abundance relies on various physiological and
environmental factors. Descriptive metagenomics can reveal the community structure and
variation of the microbiome. Functional metagenomics (analyzes encoded proteins functions
from DNA of various microbial communities), on the other hand, involves the development of
a predictive and dynamic ecosystem model through the examination of host-microbe and
microbe-microbe interactions. These studies provide insights into the connections between the
identity of a microbe or community and its specific roles in the environment (Faust and Raes
2012; Chistoserdova 2010).

In environmental sequencing, each genomic fragment is sequenced from a single
species, even though samples often contain multiple species, many of which lack complete
genomes. Identifying the species from which a particular sequence originated becomes
challenging. Furthermore, environmental sequencing generates a significantly larger amount
of sequence data compared to sequencing a single genome, with a difference of several orders
of magnitude (Wooley, Godzik, and Friedberg 2010).

Approximately 80% of bacteria from the environment or the human gut microbiota
were categorized as non-culturable (Thrash, 2019). In the case of complex ecosystems like the
gut microbiota, which contains around 1012 bacteria per gram of stool, current metagenomic
studies cannot detect bacteria at concentrations lower than 105 bacteria per gram (J. C. Lagier
et al. 2012).

Real-time PCR

Quantitative PCR (qPCR) is a technique commonly employed for microbiome analysis,
particularly in phylogenetic studies and to examine the ecological state of the environment in
both normal individuals and those with obesity (Kieler et al. 2016). It allows for both
quantitative and semi-quantitative assessment, depending on the specific applications.
Furthermore, it has been utilized to gain insights into the functional microbial diversity of gut
microbiota in relation to patient age and the impact of antibiotics on gut microbes (Zwielehner
et al. 2009). For instance, qPCR can be used to quantify the DNA content in mucosal regions
of gut. In this protocol, fluorescently labelled probes bind to the 16s RNA amplicons or double
strands of DNA which is followed by a sharp signal emission, which is directly proportional to
the DNA quantity in the sample (Riddle and Connor 2016).

The design of primers plays a critical role in the RT-PCR technique. Therefore, it is
essential to ensure that the primers are specific to all species present in a given sample for
bacterial phyla, and taxa (Carey et al. 2007). New bacterial strains cannot be identified via

quantitative PCR as prior knowledge of primers or probes is required.
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Genetic fingerprinting of gut microbiota

Microbial diversity can also be investigated by the probe-16S rRNA sequence
hybridization and gel-based separation techniques. These techniques include temperature
gradient gel electrophoresis (TGGE), denaturing gradient gel electrophoresis (DGGE),
terminal restriction fragment length polymorphism (T-RFLP), and a combination of flow
cytometry and FISH (Feng et al. 2018). These methods, often referred to as fingerprinting
methods, have been commonly employed for studying microbial diversity. However, it is
important to note that these techniques have a limitation and phylogenetic composition of the
microbes in the alimentary canal can’t be identified.

Temperature gradient gel electrophoresis

Temperature gradient gel electrophoresis (TGGE) is a molecular biology method
utilized for the separation and examination of DNA fragments, relying on their distinctive
melting patterns. This technique is frequently applied to investigate genetic variations,
mutations, and disparities in DNA sequences. TGGE capitalizes on the principle that DNA
fragments undergo denaturation (melting) at varying temperatures according to their specific
sequence makeup. Melting temperature influences the stability of DNA. The higher the GC
content of the DNA template, the more significant the hydrogen bonding, resulting in a higher
melting temperature and improved DNA stability. This phenomenon can be attributed to the
fact that G and C base pairing involves three hydrogen bonds, whereas A and T base pairing
involves only two hydrogen bonds. In the context of TGGE, denaturant agents are substituted
with a temperature gradient. The melting behavior and stability of amplicons influence the
TGGE protocol, forming the foundation of this technique (Viglasky, 2013).

On passing the electric current, the stable DNA strands with high GC content are
separated due to the temperature gradient while their motion is simultaneously restrained.
Consequently, a unique banding pattern due to varying temperature conditions is produced
(Fischer and Lerman 1980) which is referenced as fingerprinting.

Terminal restriction fragment length polymorphism (T-RFLP)

Two ecological communities are compared using T-RFLP (L1 et al., 2007). In the T-
RFLP, after DNA extraction, 16sRNA gene is amplified through PCR. Subsequently, these
amplicons are treated with restriction enzymes which cleaves off these amplicons, resulting in
restriction fragments of varying lengths (Osborne, 2014).These fragments are then separated
using electrophoresis gel, where they move different distances based on their lengths and
molecular weights, creating a unique banding pattern. The bands shown on the gel indicate

individual species present in the alimentary canal, as the terminal fragments are fluorescently
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labeled and identifiable. It is fast, and cost-eftfective. However, direct phylogenetic analysis of
bacterial strains is not effective using this method.
Fluorescence in situ hybridization

This technique employs fluorescently labeled probes to specifically target bacterial taxa
within a sample. From the microbial communities, after the DNA extraction, the 16S rRNA
gene is amplified. The prepared amplicons and then allowed for denaturation in a solution.
Subsequently, both fluorescent probes and DNA strands are introduced into the hybridization
solution. Aldehyde and methanol are included and added to the reaction mixture and incubated
at a temperature range of 65—75°C for 12 hours for the hybridization to occur (Lukumbuzya et
al. 2019). The fluorescence intensity is measured after the hybridization, using a flow
cytometer. Genomes of different species with a gut are compared using the combination of
FISH and flow cytometer as it represents a high-throughput method (Swidsinski et al. 2008).
DNA Microarrays

DNA microarray technology, also known as the DNA chip method, is extensively
utilized for studying the microbial ecosystem, particularly in the context of gut microbiota.
Numerous fluorescent probes are immobilized on the solid surface which contains a lot of
microscopic spots referred to as a small chip. The DNA to be detected on the microchip is in
picograms and adequately binds with a small portion of its regulatory element on the cDNA on
the DNA chip. The microarray protocol comprises several steps: firstly, the extracted DNA or
16S rRNA amplicon from the samples is treated in such a way to make them fluorescent.
Subsequently, the microarray chip surface is immobilized with oligonucleotides probes (Ingber
2016).

The 16S rRNA amplicons and the fluorescent probes are then allowed to hybridize. The
fluorescence intensity on hybridization is then quantified. In this way, expression of hundreds
of genes is identified in a single experiment (Shankar et al. 2014). There are chances of cross-
hybridization as numerous oligonucleotide probes bind to the single DNA fragment. A
microarray is unable to detect a novel bacterial species, if the probe is not present.

Culture dependent techniques

A large number of Gram-negative bacterial species from the stool samples were discovered
in the 1980s (DC 2001). Subsequently, numerous species have been identified and classified
phylogenetically using fermentation profiling or in vitro bacterial species requirements. This
advancement has significantly contributed to the identification of microbial agents and has

given rise to a new field known as microbial ecology (Béckhed et al. 2005).
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Biochemical typing and culture were the only methods in the old times to identify novel
bacterial species. To gain a deeper understanding of the diversity, composition, and associations
of human gut microbes with various diseases, numerous other techniques have been developed.
Genomic technologies followed by sequencing have recently achieved significant progress
including metagenomics, proteomics and metatranscriptomics.

Culturomics

This traditional approach involves cultivating bacterial cells on selective media to
separate and identify individual species found in a sample. However, conventional culture
methods only manage to grow approximately 10% to 30% of the gut microbiota (Suau 1999;
Tannock 2001; Sokol and Seksik 2010). In fact, new culturomics procedures are necessary to
cultivate unculturable microbes, requiring diverse and favorable growth and incubation
conditions. More than 50% bacterial species are identified again with the help of culturing
which were previously identified through conventional 16S rRNA metagenomics (Lagier et al.,
2015).Additionally, hundreds of new bacterial species in the gut can also be isolated using the
same techniques in the future (Peter et al. 2014). It is a multi-step protocol that involves
preparation of samples, growth under different conditions and inhibiting the growth of
microbes while only allowing the growth of the growth of fastidious bacteria (Singh et al.
2016). Currently, culturomics has identified approximately 2,671 new species (Lagier et al.
2018). There are certain bacterial species present in the gut microbiota that cannot be cultured,
and culturomics also has limitations such as the potential for bias in the selection of culture
conditions used (Siezen 2011).

Microfluidics assays

Gut microbiota is investigated using this assay. It is often referred to as gut-on-chip.
Growth environment under specific conditions and nutritional requirements for bacterial
growth are provided by this method which enables the identification of numerous uncultured
microbes (Nichols et al. 2010).

Another chip consists of an array made up of microchambers which contain miniature
cells and are used to cultivate bacteria. This is called iChip. It provides nutrients to each single
bacterial cell on the chip equally (Jung et al. 2014). Microfluidics combines gel-based methods
with sophisticated instruments. It involves the initial cultivation of a single bacterial cell,
followed by genome amplification and sequencing, facilitating the identification of new species
(Arnold, Roach, and Azcarate-Peril 2016).

Mass spectrometry
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The advancement of mass spectrometry and the implementation of matrix-assisted laser
desorption ionization- time of flight MALDI-TOF in bacteriology laboratories enabled rapid
identification of any bacterium species, provided that its spectrum was stored in the database
of the mass spectrometer (Seng et al. 2009). The utilization of mass spectrometry in the study
of the human gut microbiota includes the identification of biomarkers for illness or treatment
response. By comparing the metabolites present in the gut microbiota of healthy individuals
with those of individuals with diseases, researchers can discover potential targets for diagnostic
or therapeutic interventions.

Mass spectrometry has also been used in research to identify and quantify the metabolic
byproducts of specific bacterial species present in the gut microbiota (Heaney, 2020). This
approach aids in understanding the functional characteristics of different bacterial strains and
their potential impact on human health and disease. This method is valuable for investigating
the metabolic processes of the microbiota and its interactions with the host. Mass spectrometry
has been employed to study the production of metabolites by the human gut microbiota,
including short-chain fatty acids (SCFAs), bile acids, and amino acids. These metabolites play
important roles as signaling molecules, influencing various physiological functions of the host,
such as immune response, energy metabolism, and gastrointestinal motility (Verhaar et al.,
2020).

MALDI-TOF MS

MALDI-TOF MS was utilized for the identification of archaeal species. In a study by
Dridi et al. (2012), they successfully identified Methanosphaera stadtmanae,
Methanobrevibacter oralis, Methanobrevibacter smithii and the recently discovered
Methanomassiliicoccus luminyensis using MALDI-TOF MS (Dridi et al., 2012). It offers a fast
and precise method for identifying species at the protein level. Furthermore, it aids in the
identification of various bacterial species present in the gut and their relative abundance.
Significantly, a study by (Seng et al. 2013) using MALDI-TOF MS found that 77% of the
bacterial species, which were rarely reported as human pathogens and identified based on their
phenotypes, were accurately identified. Isolates can be grouped using MALDI-TOF MS based
on their phenotypic characteristics, including pathogenicity, serogroup, and antibiotic
resistance. Studies have utilized this method to categorize isolates according to their phenotypic
traits, such as pathogenicity (Pinto et al. 2017), serogroup (Clark et al. 2013; Kuhns et al. 2012),
and antibiotic resistance (Berrazeg et al. 2013).

The MALDI-TOF MS technique has proven to be effective in identifying coagulase-

negative staphylococci and Staphylococcus aureus (Seng et al. 2013). Two separate studies
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conducted by Dupont et al. and Carpaij et al., involving 234 and 62 coagulase-negative
Staphylococcus strains, respectively, reported accurate identification rates ranging from 93.2%
to 100% compared to the reference molecular technique used (Dupont et al. 2010; Carpaij et
al. 2011).

For instance, current metagenomic analysis techniques are unable to detect Salmonella
enterica serovar Typhi, a highly dangerous pathogen (Lagier et al. 2012). Similarly,
metagenomics and culturomics yield comparable numbers of species, achieved through the
diversification of culture conditions and identification using matrix-assisted laser desorption
ionization-time of flight mass spectrometry (MALDI-TOF MS) to enhance the bacterial
repertoire.

Degand et al. reported that MALDI-TOF MS successfully identified 549 non-fermenting
Gram-negative bacteria from clinical samples, although 9 strains of the Burkholderia cepacia
complex could not be identified to the species level (Degand et al. 2008). The effectiveness of
this method in identification was further demonstrated in two studies conducted with anaerobes
in the same laboratory. In 2011, La Scola, Fournier, and Raoult (2011) identified 61% of 544
isolates using MALDI-TOF. Then, in 2013, the same group tested 1,325 anaerobic species
using the same cutoff, achieving accurate species-level identification for 92.5% of the strains
(La Scolaetal., 2011). In 2013, the same research group utilized the same threshold to evaluate
1,325 anaerobic species, achieving accurate identification at the species level for 92.5% of the
strains (Barreau et al., 2013).

Functional analysis:
Next generation sequencing based methodology

Next-generation sequencing (NGS) has multiple applications, including phylogenetic
classification and functional analysis of microbial communities. One PCR-based massively
parallel sequencing platform called pyrosequencing, such as Roche/454 pyrosequencing, is
used to investigate gut microbiota (Wu et al., 2010). Pyrosequencing requires a small amount
of DNA, is cost-effective and a high-throughput technique. However, it has a limitation of
producing short reads, which makes it unsuitable for comparing species within the same genus
and for bioinformatics analysis (Rhodes 1998). In addition to pyrosequencing, several other
next-generation sequencing platforms such as SOLiD, Illumina, Ion Torrent, Oxford Nanopore,
and single-molecule real-time circular consensus sequencing equipment from Pacific
Biosciences have been developed for DNA sequencing (Wagner et al. 2016). These advanced
technologies have greatly facilitated microbiome analysis, making it faster and easier while

accumulating genomic data for phylogenetic analysis.
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Metatranscriptomics

This method involves sequencing the messenger RNA (mRNA) found in a sample of
microbial community, allowing for an understanding of the active gene expression.
Complementary microarray chips were used initially to measure RNA expression levels for
transcriptomics analysis (Lowe et al., 2017). Fluorescent probes are immobilized on the
microarray chips and different microbial communities are investigated. RNA encoded by the
metagenome are studied under metatranscriptomics for a certain population of a region such as
microbiota of gut etc. Nowadays, the RNA-seq method has been utilized to study the
metatranscriptome, proving to be highly suitable for confirming gene expression across the
entire metagenome in the sample, thereby providing fundamental data for proteomics and
metabolomics (Franzosa et al. 2014).
Metaproteomics
This approach involves the identification and quantification of the proteins expressed by the
microbial community, providing insights into the functional activity of the microbiome
(Callegari, 2016; Long et al., 2017). The protein complements expressed by the metagenome
of the microbiota of a specific region of body comes under the study of metaproteomics which
is also known as community proteomics.

Proteomics methods are of two types: gel-independent method and gel-dependent
method. Gel-independent method is also known as shotgun proteomics that relies on two-
dimensional liquid chromatography with nanospray mass spectrometry and bioinformatics data
analysis pipelines whereas the gel-dependent method involves the combination of 2D gel-
electrophoresis, bioinformatics and mass-spectrometry only. In the context of human gut
proteome, these types of technologies generate extensive protein analysis data (Xiong et al.
2015).

Metabolomics

This approach involves the examination of the metabolic byproducts generated by the
microbiome, which yields insights into the functional activity of the microbiome. Metabolites,
resulting from gene expression, exhibit high uniqueness specifically within the gut microbiota
(Hou et al., 2022). To study metabolomics advanced technologies are needed that includes
secondary ion mass spectrometry, matrix-assisted laser desorption time of flight, Fourier
transform ion cyclotron resonance MS etc. (Scholz et al. 2016). The functionality and
physiology of a microbial community can be understood via comprehensive annotation of the
metabolome derived from the metagenome. Metabolome analysis enables the exploration of

functional gene products within a sample, facilitating the functional analysis of microbes within
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a microbial niche (Alseekh et al., 2021). Figure 4 shows how multi-omics profiling helps in the

functional analysis of gut microflora.

===

Figure 4. Functional analysis of gut microbiota using multi-omics profiling

NEUROTRANSMITTERS MODULATION BY GUT MICROBIOTA

Neurotransmitters play a vital role in the maintenance of homeostasis and are not restricted
to a “fight or flight” response, but it controls gut physiology. Neurotransmitters are produced
and modulated by host microbiota which resides in the gastrointestinal tract of humans (Mittal,
Debs et al. 2017). Gut microbiota plays an important role in immune activation (Yoo et al.,
2020), brain activity (Chen et al., 2021; Dicks et al., 2021) and cognitive functions (Dicks,
2022) along with digestion of food. Gut flora has an impact on mental health through
neurotransmitter modulation in the host (Dicks, 2022). It is known that mental disorders can
prevail if there is disturbance in level of neurotransmitters production and regulation (Dicks et
al., 2021). General gut dysbiosis can result in the onset of depression, anxiety and other related
disorders (Strandwitz 2018). Gut microbiota regulates the neurotransmitter production in
different ways. The enteric nervous system is regarded as the second brain, or an endocrine
organ produces numerous neurotransmitters which are also present in the central nervous
system (Chen et al., 2021). Bacteria in gut microbiota produces a variety of neurotransmitters
including serotonin, dopamine, GABA and norepinephrine (Strandwitz, 2018). The
Lactobacillus plantarum and Lactobacillus rhamnosus in gut are shown to increase the levels
of serotonin, dopamine, and GABA respectively. 90% of body serotonin is synthesized by gut

microbiota in human digestive tract and 50 % of dopamine (T. Liu and Huang, 2019). Gut
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microbiota is also reported to produce histamine and acetylcholine (Cryan et al., 2020; Mou et
al., 2021).
Mechanism of Communication along Gut-Brain Axis

Main goal of gut microbiota study is to dissect out routes of communication between host
and gut microbiota. Gut microbiota has influence along gut brain axis for which several
mechanisms have been identified such as secretion of short chain fatty acids, vagus nerve
stimulation and ability to modulate and produce neurotransmitters (Chen et al., 2021).

Dopamine
The right balance of dopamine is important to a person’s overall well-being. Dopamine

is one of important neurotransmitters which is precursor for epinephrine and norepinephrine
and has role in memory and behavior (Borodovitsyna et al., 2017). Dopamine deficiency can
cause certain ailments such as depression and anxiety (T. Liu et al., 2020). Gut microbiota
influences the production of dopamine and norepinephrine in gut lumen. It is not completely
understood how microbiota modulates dopamine but studies suggested germ free mice have
relatively low levels of dopamine and levels are restored by colonization of gut different species
of Clostridium but mode of modulation is still unknown (Asano et al., 2012). One of
mechanisms is that Clostridium produces compound 4-cresol which increases dopamine
enhance signaling. Dopamine levels increase in the presence of probiotic bacteria. The levels
of dopamine increased when germ free mice are supplemented with L. plantarum and B.
oklahamensis. The S. thermophilus also increased serotonin with dopamine (T. Liu and Huang,
2019). In addition, S. cerevisiae, H. alvei, K. pneumoniae, S. aureus, and P. vulgaris are
potential candidates for production dopamine in gut (Rich et al., 2022). The Lactobacillus and
Bifidobacterium, probiotic bacteria supplementation in gut to elevated levels of dopamine with
improving depression. The strains of Escherichia coli, in gut produce an enzyme called tyrosine
decarboxylase which converts the amino acid tyrosine into tyramine, which can then be further
metabolized into dopamine (Shishov et al., 2009). Bacillus sp. JPJ is also capable of producing
dopamine (Surwase and Jadhav, 2011) .

Norepinephrine
Norepinephrine is neurotransmitter that is synthesized from dopamine and plays

important role in stress and arousal (Scardaci et al., 2022). It is associated with alertness,
attention and fight or flight mode. It is produced from the action of enzyme dopamine beta-
hydroxylase. The disturbance in level of norepinephrine can lead to development of post-
traumatic stress disorder (PTSD) and depression (Morilak et al., 2005). Several bacterial

species from are reported to produce norepinephrine in gut of mice. It is also produced by E.
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coli in in vitro model (Scardaci et al., 2021).Certain strains of S. marcescens and P. vulagris
and of Bacillus such as B. subtilis and B. mycoides also produce norepinephrine (T. Liu et al.,
2020).

Serotonin
Serotonin is the second most important neurotransmitter that controls most of the

body’s functions including respiration, behavior, appetite, neurological functions, and
peristalsis (Stasi et al., 2019). Serotonin has main role in eating behaviors (Jones et al., 2020) .
Increased and decreased levels are associated with reduced appetite and binging. Serotonin also
produces pro-inflammatory cytokines by activating immune cells. Most of serotonin, about
95%, is produced in gastrointestinal tract microbiota (Yano et al., 2015). There are cells called
enterochromaffin in gut lumen which convert tryptophan into serotonin (Bertrand and
Bertrand, 2010). And gut microbiota stimulates the release of serotonin from these cells. Some
strains of E.coli have a special enzyme, tryptophan hydroxylase which produces serotonin from
amino acid tryptophan (O’Mahony et al., 2015). In this case tryptophan availability is key
factor in serotonin synthesis. When bacteria consume tryptophan there is decrease in serotonin
synthesis. In such situation host has mechanism which produces short chain fatty acids (SCFAs)
which will signal enterochromaffin cells to produce serotonin by expression of tryptophan
hydroxylase(Yano et al., 2015b). It is also seen that bacterial toxins also stimulate the serotonin
from EC cells (D’Amelio and Sassi, 2018). Gut microbiota influences the serotonin by
secreting various metabolites in gut still unknown except SCFAs and tryptophan and toll like
receptors (Strandwitz 2018). Certain strains of Lactobacillus, Candida and Helicobactor pylori
are associated with serotonin secretion in lumen of gut. Administration of probiotic strains
Lactobacillus planatarum increased serotonin and improved depression symptoms (T. Liu et
al., 2020). Spore forming Bacillus uniformus also promotes serotonin synthesis from
enterochromaffin cells in gut lumen. In animal model, B. oklahomensis, A. baumannii and B.
cereus, are potential candidate for serotonin secretion (Valles-Colomer et al., 2019). In vitro
studies shown that K. pneumoniae, M. morganii, H. alvei, L. lactis and S. thermophilus has
ability to produce serotonin (Jones et al., 2020).Similarly, some species of Candida and S.
cerevisiae are also shown to modulate serotonin synthesis in gut (Shishov et al., 2009).

Gamma-Aminobutyric Acid
The gut bacteria are involved in many mechanisms such as synthesis of essential

vitamins, production of short chain fatty acids and antimicrobials (Mohler, 2012). Recent
studies have shown the evidence of presence of certain bacteria in human gut that produce

neurotransmitters like serotonin, dopamine, tryptamine along with y-aminobutyric acid
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(GABA) (Otaru et al.,, 2021)These neurotransmitters can affect and modulate the
gastrointestinal tract along with the central nervous system that is also known as the gut-brain
axis (Quillin et al., 2021).

GABA is Gamma-aminobutyric acid, it is an amino acid that plays a role as a

neurotransmitter inhibitor in brain and spinal cord. Its supplements are used to relax
hyperactivity of nerve cells in case of fear, anxiety or stress (Mohler, 2012). Disordering GABA
signaling can result in multiple neurological disorders like epilepsy, anxiety and depression.
GABA receptors are of two major classes: GABA® and GABA® (Della Vecchia et al., 2022;
Thoeringer et al., 2010).
Certain bacterial species of human gut, for instance Lactobacilli and Bifidobacteria can alter
the functioning of central nervous system by producing various compounds (Duranti et al.,
2020). These strains are commonly referred to as psychobiotics. Similarly, GABA is produced
by such psychobiotics residing in the human gut that modulate neural signals which ultimately
influence sleep, mood, cognition and appetite (Duranti et al., 2020; Otaru et al., 2021)

Genetic research concludes that a gad gene present in Bifidobacteria and Lactic Acid
Bacteria (LAB) is responsible for production of glutamic acid decarboxylase. Gut bacteria
contain a glutamate decarboxylase (GAD) enzyme which uses pyridocal-5'-phosphate (PLP)
as a cofactor (Mousavi et al., 2022). GABA is synthesized by consumption of a cytoplasmic
proton along with irreversible a-decarboxylation of L-glutamate in Lactic Acid Bacteria (LAB)
for instance Lactobacillus species and Lactococcus species have been widely studied in
production of GABA (Duranti et al., 2020; Thoeringer et al., 2010).

Acetylcholine
Acetylcholine is an excitatory neurotransmitter that is involved in memory, muscle

contraction and regulation of autonomic nervous system. It works simultaneously with
dopamine (T. Liu and Huang, 2019). Gut microbiota regulates the secretion of acetylcholine in
host in which strains of L. plantarum are potential candidate (Ozogul et al., 2012) . Bacillus
subtilis and E. coli has ability to secrete acetylcholine(Horiuchi et al., 2003). A.

hydrogeniformans is seen to produce acetylcholine in host (Valles-Colomer et al., 2019).

ROLE OF MACHINE LEARNING IN HUMAN GUT MICROBIOME
Recent research has emphasized the critical part that the gut microbiota plays in several

human diseases (Salim et al., 2023).High-throughput technology has made it possible for
researchers to characterize gut microorganisms using several kinds of molecular profiling data
(Cammarota et al., 2020). Machine learning (ML) algorithms have tremendously helped the

interpretation of such data, allowing for the identification of important genetic fingerprints, the
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discovery of patient stratifications, and the precise prediction of specific phenotypes. To find
connections between microorganisms and diseases, it is especially important to analyse the
huge datasets produced by multi-omics human intestinal microbiota research using machine
learning and statistical methods.

Oncology stands to gain considerably from the investigation of gut microbiota powered by
machine learning. With the integration of numerous large-scale datasets from diverse omic
systems and the mounting evidence tying the microbiome to cancer, there is a chance to create
strategies for preventing, detecting, and treating cancer. Because certain microbial signatures
have been shown to promote the development of cancer and have an impact on the safety,
tolerability, and effectiveness of cancer therapies, research has suggested that the gut
microbiota can affect the natural progression of malignancies (Cammarota et al., 2020). In this
section, we'll examine a few critical areas where machine learning might improve our
comprehension and use of gut microbiota data in a variety of contexts, such as disease diagnosis
and prediction, identifying the microorganisms in the gut that cause disease, clinical
intervention, and drug discovery.

The availability of more transparent data and accessible analytical tools has improved data
availability and study reproducibility in recent years. These advancements, combined with ML
approaches, have the potential to revolutionize our understanding and utilization of gut
microbiota data in the context of oncology and pave the way for innovative strategies in cancer
prevention, diagnosis, and treatment.

ML in identification of gut-related diseases
To provide more precise diagnosis and prognosis, ML algorithms can analyse gut

microbiome data to uncover patterns and fingerprints linked to diseases (Beam and Kohane,
2018). Machine learning as demonstrated potential in the diagnosis of diseases, particularly in
identifying the gut microbiome that may cause dysbiosis to cause cancer. By evaluating the
strength of microbiome-brain region associations, studies have used ML-based frameworks to
jointly analyze paired host transcriptomic and gut microbiome profiles from colonic mucosal
samples of patients with colorectal cancer, irritable bowel syndrome, and inflammatory bowel
disease (Priya et al., 2022). Although the brain was previously thought to be independent from
the rest of the body, new research indicates that the gut microbiome, which is made up of the
microorganisms that live there, may have an impact on how the brain functions and how people
behave. While the brain was traditionally considered separate from the rest of the body,
emerging evidence suggests that the microbes residing in our gut, known as the gut

microbiome, can influence brain function and behavior through various mechanisms.
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The network of bidirectional communication between the gut and its microbiota and the
brain is known as the gut-brain axis. It involves intricate interactions between the
immunological, endocrine, and neurological systems. Numerous substances,
including neurotransmitters, neuropeptides, and metabolites that can affect brain function, can
be produced, and released by the gut bacteria. ML models have also been used to reveal
microbiome-immunotherapy interactions that may ultimately improve cancer patient outcomes
(S. Long et al., 2020) also differentiating cachectic from non-cachectic cancer patients (Gou et
al., 2021). The extraction of characteristics important for classification using interpretable ML
techniques has revealed fundamental biological pathways that account for the changes in the
microbiome's functional landscape from a healthy gut to adenoma and colorectal cancer
(Casimiro-Soriguer et al., 2022). In an effort to discover gut microbe-targeted medicines and
advance personalized and precision medicine, ML is now being used to analyze the gut
microbiome (Xiao et al., 2021).

Elucidating disease-causing microbes in the gut
By identifying the individual microorganisms or microbial characteristics that contribute to

the onset and progression of diseases, ML methods can help identify possible treatment targets
(Lin and Lane, 2017). Machine learning algorithms can be used to find the microbial
biomarkers that cause inflammatory bowel disease, colon cancer, and irritable bowel syndrome
(M. Zhang et al., 2017). In order to examine the population of microorganisms living in the
small intestine and colon, metagenomic analysis of the intestinal microbiome involves
obtaining DNA from an environmental sample, such as gut or faeces. Isolated, cleaned, and
sequenced DNA is used. Using marker gene surveys, which analyze short segments of DNA
(called markers), it is affordable to examine vast amounts of DNA in environmental samples.
A bacterial census can be created using the 16S ribosomal RNA (16S rRNA) gene as a universal
marker gene for bacteria (Caporaso et al., 2011). A 2020 study found that by combining
machine learning with human cohort data, a potent mix of gut bacteria linked to type 2 diabetes
was discovered (Gou et al., 2021). In terms of predicting type 2 diabetes, the mix of gut
microbes performed better than host genetics or conventional risk factors. The Faecal
Microbiota Transfer Experiment demonstrated the influence of the microbe mixture on the
emergence of type 2 diabetes. The link between the risk score and type 2 diabetes by body fat
distribution is modifiable, as evidenced by the identification of potential modifying factors for
microbiome traits associated with type 2 diabetes (Gou et al., 2021). In a cross-sectional study,
ML studies showed that microbial variations strongly affect insulin resistance (H. Wu et al.,

2020).
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Clinical intervention using machine learning data

Machine learning models can assist in personalized treatment planning by leveraging gut
microbiota data alongside clinical variables, enabling more tailored and effective interventions
(Xiao et al., 2021). Machine learning can help to detect diseases at an early stage. The data can
be used to control and treat diseases timely. A study demonstrated the potential of utilizing
supervised machine learning models to train with gut microbiome data for accurately
diagnosing inflammatory bowel syndrome, which includes Crohn's Disease and Ulcerative
Colitis (Manandhar et al., 2021). Discovery of new drug targets or repurposing existing drugs
by considering the interactions between gut microbes and host physiology can be done by using
ML (Angermueller et al., 2016; Beam and Kohane, 2018). Machine learning algorithms can
help optimize interventions, such as prebiotics, probiotics, or fecal microbiota transplantation,
to enhance the composition and function of the gut microbiota for improved patient outcomes
(Bhadra et al., 2018).

The research shows how machine learning can detect the adverse effects of drugs on gut
microbiota (McCoubrey et al., 2021). In the research thirteen ML models were developed to
predict drug-induced growth impairment of 40 gut bacterial strains using over 18,600 drug-
bacteria interactions. Random forest, Extra trees, and multilayer perceptron (MLP) were used
as the top baseline ML techniques, indicating the need for models accommodating nonlinear
data relationships. After hyperparameter tuning, the best-performing model utilized extra trees,
achieving impressive metrics and the model accurately predicted the impact on all 40 gut
bacteria within 0.53 seconds, while identifying the top 10 important chemical features,
highlighting valency's role (McCoubrey et al., 2021). This ML model aids in predicting
unknown drug-microbiome effects, benefiting drug development. This experiment shows how

fast and powerful ML learning is and it’s potential in disease diagnosis and drug development.

Conclusion
Research on human gut microbiota has garnered significant attention due to its huge

impact on human health. The review article provides a comprehensive analysis of the human
gut microbiota, highlighting its significance in maintaining human health. By examining its
composition, factors influencing its stability, strategies for maintenance, and the role of
neurotransmitters in gut-brain communication, this review offers valuable insights into the
intricate dynamics of the gut microbiota. Additionally, the emerging role of machine learning
in unraveling the complexities of the gut microbiota is discussed, showcasing its potential for

advancing our understanding in this field.
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The work underscores the critical importance of a diverse and stable gut microbiota for
overall well-being. The intricate interplay between the gut microbiota, neurotransmitters, and
the central nervous system emphasizes the gut-brain axis as a promising avenue for therapeutic
interventions. Furthermore, the integration of machine learning techniques holds great promise
for unraveling the intricate interactions within the gut microbiota, enabling personalized
approaches to optimize gut health. Continued exploration of the gut microbiota will
undoubtedly deepen our understanding of its profound influence on human health and open
new avenues for developing targeted interventions against diseases and disorders associated
with microbiota dysregulation. This review contributes to the growing body of knowledge in
this field, providing valuable insights for researchers and individuals seeking to enhance their

gut health and overall well-being.
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