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Abstract: Metagenomics is defined as the study of the genome of the total microbiota found in nature and is often
referred to as microbial environmental genomics because it entails the examination of a group of genetic compo-
nents (genomes) from a diverse community of organisms in a particular setting. It is a sub-branch of omics tech-
nology that encompasses Deoxyribonucleic Acid (DNA), Ribonucleic acid (DNA), proteins, and various components
associated with comprehensive analysis of all aspects of biological molecules in a system-wide manner. Clustered
regularly interspaced palindromic repeats and its endonuclease, CRISPR-associated protein which forms a complex
called CRISPR-cas9 technology, though it is a different technique used to make precise changes to the genome of
an organism, it can be used in conjunction with metagenomic approaches to give a better, rapid, and more accurate
description of genomes and sequence reads. There have been ongoing improvements in sequencing that have
deepened our understanding of microbial genomes forever. From the time when only a small amount of gene could
be sequenced using traditional methods (e.g., “the plus and minus” method developed by Allan and Sanger and
the “chemical cleavage” method that is known for its use in the sequencing the phiX174 bacteriophage genome via
radio-labeled DNA polymerase-primer in a polymerization reaction aided by polyacrylamide gel) to the era of total
genomes sequencing which includes “sequencing-by-ligation” and the “sequencing-by-synthesis” that detects hy-
drogen ions when new DNA is synthesized (Second Generation) and then Next Generation Sequencing technologies
(NGS). With these technologies, the Human Genome Project (HGP) was made possible. The study looks at recent
advancements in metagenomics in plants and animals by examining findings from randomly selected research pa-
pers. All selected case studies examined the functional and taxonomical analysis of different microbial communities
using high-throughput sequencing to generate different sequence reads. In animals, five studies indicated how Ze-
brafish, Livestock, Poultry, cattle, niches, and the human microbiome were exploited using environmental samples,
such as soil and water, to identify microbial communities and their functions. It has also been used to study the
microbiome of humans and other organisms, including gut microbiomes. Recent studies demonstrated how these
technologies have allowed for faster and more accurate identification of pathogens, leading to improved disease
diagnostics. They have also enabled the development of personalized medicine by allowing for the identification of
genetic variations that can impact drug efficacy and toxicity. Continued advancements in sequencing techniques
and the refinement of CRISPR-Cas9 tools offer even greater potential for transformative breakthroughs in scientific
research and applications. On the other hand, metagenomic data are always large and uneasy to handle. The com-
plexity of taxonomical profiling, functional annotation, and mechanisms of complex interaction still needs better
bioinformatics tools. Current review focuses on better (e.g., Al-driven algorithms) tools that can predict metabolic
pathways and interactions, and manipulate complex data to address potential bias for accurate interpretation.
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Introduction

Metagenomics is defined as the study of the
genome of the total microbiota found in nature
and is often referred to as microbial environ-
mental genomics because It entails the exa-
mination of a group of genetic components

(genomes) from a diverse community of organ-
isms in a particular setting. The exploration of
microbial diversity, population structure, genet-
ic and evolutionary links, functional activity, and
cooperative linkages with the environment is
made possible through metagenomics [1]. It is
a part of omics technology, a sub-field of sys-
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tem biology that accounts for the bigger picture
of molecules at cellular, organismal, and tissue
levels. Therefore, to understand the concepts
of metagenomics, it is important to get a little
overview of the components of omics. Omics
encompasses DNA, RNA, proteins, metabolit-
es, and various components associated with
the comprehensive analysis of all aspects of
biological molecules in a system-wide proce-
dure. Beyond these molecular interactions,
omics as a field extends as interdisciplinary
approaches and integrative analysis are often
employed to gain insights regarding how it
serves as a driving force in biomedical resear-
ch, drug discovery, agriculture, and the environ-
ment. Genomics is concerned with the study
and analysis of an organism’s genes in their
entirety.

DNA, as a chemical compound, contains coded
instructions through which all organisms devel-
op. It is made of two strands that look much like
a twisted ladder loaded with four nucleotides
(i.e., Adenine (A), Guanine (G), Cytosine (C), and
Thymine (T)) that pair up as a result of comple-
mentarity in structures to form sequences that
make up the double-helical structure. In these
arrangements, A-T and G-C form amino acids,
which are used in building proteins that code
for genes. As stipulated by the National Human
Genome Research Institute, it is estimated that
the human genome is composed of 20,000 to
25,000 genes, and an average of three pro-
teins can be coded for each gene. Proteomics
is a complete set of proteins encoded by the
genome followed by their analysis, character-
ized by protein synthesis, gene expression, and
posttranscriptional modifications. According to
some scientists [2], the primary structural pro-
teins make up the extracellular matrix with an
average of 1045 amino acids.

Similarly, a group of researchers [3] reported
that Mass spectrometry-based proteomics for
schizophrenia biomarker discovery and path-
way analysis in human peripheral fluids were
assessed using a thorough systematic review
and meta-analysis. In comparison to healthy
controls, the study found 217 changed proteins
in schizophrenia patients, including ficolin-3,
which consistently had elevated levels. The
findings show the promise of mass spectrome-
try-based proteomics for therapeutic uses in
finding biomarkers and identifying proteome
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patterns linked to schizophrenia. Transcripto-
mics studies all RNAs (e.g., messenger RNAs
(mRNAs), microRNAs (miRNAs), transfer RNA
(tRNA), ribosomal RNA (rRNA), small interfer-
ence RNA (siRNA), and small nucleolar RNA
(snoRNA)) expressed at the cellular, tissue, or
organismal level as well as their expression,
trafficking, and degradation levels (Figure 1).
Unlike eukaryotes, due to the lack of the 3'-end
poly(A) tail, which is thought to be a character-
istic of mature mRNA in eukaryotes, prokary-
otes’ transcriptome research is limited. It was
also noted that understanding transcriptomes
gives insight into how intricate development
processes work or helps people grasp disor-
ders. Sequencing the genome of larger organ-
isms requires extensive efforts in analyzing all
transcriptomes.

Additionally, the National Institute of Health
(NIH) constructed a library containing sequenc-
es of humans, mice, and rats and also institut-
ed other programs such as the Genotype-
Tissue Expression Project (GTex) and the
Encyclopedia of DNA Element (ENCODE). Me-
tagenomics is the entire set of genetic mate-
rial, which can be obtained straight from speci-
mens from the environment or from a complex
association set of genetic material such as a
waste-treatment system or bioreactor [4]. This
genetic material is typically total DNA, but it
can also include complementary DNA (cDNA)
created by reverse transcription of extracted
community RNA. Microbiological studies cover
cutting-edge, futuristic, state-of-the-art, and
high-throughput sequencing analysis [5]. Such
technologies are required because traditional
microbiology methods have some shortcom-
ings and restrictions. With the right tools, bac-
teria that are present in our gut, bowel, and soil
can be investigated using metagenomics. For
instance, although our intestines contain 500
different types of bacteria, a single gram of
soil has 4000-5000 different species of mi-
crobes. The study of microbes in any system is
made possible by metagenomics. In essence,
metagenomics uses multiple lab-based and in-
silico technologies for the detection of harmful
viruses without the need for special aseptic
conditions. Metagenomics research has been
challenging up until this point due to viruses’
lack of distinctive conserved genes. Moreover,
cellular DNA contamination, free ambient DNA
contamination, and the ongoing evolution of
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Figure 1. An illustration of omics technologies in gene formation.

viruses are additional difficulties in the field of
metagenomics. The significance of metage-
nomics is not only the discovery of genes and
categorization of various microbiota, but it can
also be useful in the discovery of pathogenic
microbes in cases of disease outbreaks to
identify drug-resistance genes and their mech-
anisms to improve therapies. Scientists are
still having issues finding the best approaches
to handle large data omics technology varia-
tion, how missing values are handled, how to
understand complex systems models, and is-
sues with the annotation of data, storage, and
computing resources [6, 7]. As CRISPR-cas9
technology is used in conjunction with metage-
nomics approaches, its challenges also have to
be emphasized. Some researchers also noted
the current difficulties in creating long arrays of
gRNAs and in predicting how these gRNAs will
behave in living cells [8].

The discovery of novel biocatalysts from envi-
ronmental samples has increased most re-
cently as a result of the efficient application
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of metagenomics. Also, because functional
metagenomics is still in its early stages and
there are many technical difficulties with a
direct screening of potential enzyme-coding
genes and the availability of suitable host-vec-
tor combinations for the successful expre-
ssion of metagenome-derived enzymes, the
technique’s great potential is constrained. This
review examines current developments in
metagenomic sequencing, discussing its impli-
cations for plants and animals and the inter-
play between gene engineering (CRISPR-cas9)
and metagenomics. It analyses the emer-
gence, growth, use, and effect of cutting-edge
genome engineering and technology and its
clinical applications.

A synopsis of the evolution and current devel-
opments of CRISPR and Cas proteins

The acronym “CRISPR” stands for Clustered
regularly inter-spaced palindromic repeat,
which refers to the unique pattern of DNA
sequences found in the genomes of bacteria
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and archaea. Cas9 refers to the CRISPR-as-
sociated protein 9, which is an endonuclease
that cuts DNA molecules at a precise location,
specifically in the “Protospacer Adjacent Motif”
region. Both CRISPR and cas9 proteins togeth-
er form a complex called the CRISPR-cas9
complex, which can be used to introduce spe-
cific genetic changes in organisms, including
humans, animals, and plants. The CRISPR-
cas9 complex relies on repeated sequences
derived from the genome of a bacteriophage
that cleaves DNA molecules at a precise loca-
tion. Upon its discovery in the 1980s, the tech-
nology that was used naturally by bacteria as
adaptive immunization has now become a revo-
lutionary tool and a game changer in modern
molecular biology. To finally reach this level of
CRISPR-cas9 technology, it took scientists
more than two decades until the first engi-
neered cas proteins (cas9) were made in 2012
to cut any part of the genome using modified
sequences made in the laboratory. A break-
through that has since been implemented in
different genetic experiments. Originally, CR-
ISPR was foreign to the genes of its host.
Mechanically, it enters the host cell through
infection by a bacteriophage, is picked up by
cas9, gets cleaved, and is incorporated into the
host cell's genome. By using this mechanism,
CRISPR-Cas9 technology allows researchers to
make precise insertions and deletions in the
DNA. Some scientists [9] found that by directly
reversing disease-causing mutations, CRISPR-
Cas9 also possesses tremendous therapeutic
promise for the treatment of genetic condi-
tions. The acronym “CAS” stands for CRISPR-
associated proteins whose function is to search
the genome of a host cell and make a cut into
a region known as the protospacer adjacent
motif (PAM). According to some scientists [10],
the CAS family is categorized into two classes,
six types, and 33 subtypes.

Class one uses multiple proteins for cleavage,
while class two usually requires one protein
with guide RNA and cas genes as basic com-
ponents. Furthermore, class two are the most
commonly used proteins because they can eas-
ily be constructed and are simple. The most
commonly used class two cas proteins include
casl, cas2, cas9, and 13. The classification is
based on the mechanism of action of the
CRISPR-Cas system, which is viewed in three
steps: adaptation, expression, maturation, and

65

interference (collectively, these three make
up the effector module). Similarly, CRISPR-
associated endonuclease from Prevotella and
Francisella (Cpfl), also called Cas12a, empha-
sizes how guide RNAs (gRNAs) may be used to
program Casl12a and drive it to specific DNA
targets [11]. Casl2a and Cas9 are often
employed for transcriptional control and genet-
ic editing. To enable transcriptional control,
including CRISPR-mediated inhibition (CRISPRI)
and activation (CRISPRa), Cas12a can be nu-
clease-null and coupled with effector domains.
These endonucleases have played key func-
tions in recent metagenomic approaches, for
instance, two CRISPR-cas systems, notably
CRISPR-casX and Y in bacteria, were found
when sequenced DNA that was directly taken
from microbial communities to examine the
existence and effectiveness of CRISPR-cas
systems in uncultivated species [12]. Their
study also uncovered the presence of CRISPR-
cas genes in nano archaea.

CRISPR-cas9 recent advancements and strat-
egies in metagenomics

CRISPR-cas9 technology is one of the most
frequent methods used in recent develop-
ments involving the investigation of samples
from microbial communities and other molecu-
lar biology research. Many studies highlight the
challenges in CRISPR-cas9 gene editing in can-
cer research and therapy while also referencing
a study that utilizes Sinefungin Derivative 7
(Scr7) as a non-homologous ends joints (NHEJs)
inhibitor to avoid targets as NHEJs are known
to be prone to errors. During the same time,
some scientists [13] used CRISPR-cas9 to
implement a highly rapid and effective tech-
nique to address the plasmodium parasite
issue by transfecting the parasite with cas9
expression and linear donor templates, permit-
ting fast cleavage of the targeted locus.

This was accomplished by employing a cloned
DNA fragment that encoded the cas9 and dihy-
drofolate reductase-yeast cytosine deaminase
and uracil phosphoribosyl transferase (hdhfr-
yfcu) genes into a plasmid, respectively. Here,
the linear donor was required to prevent un-
wanted recombination. Because the method is
new and easy to implement, every step became
possible and led to the discovery and dissemi-
nation of additional information about the tech-
nology. Reports also had it that a computation-
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al tool referred to as FuNcLib was employed in
creating a cas9, and after its activities in yeast
were evaluated, it was discovered that the
engineered regions cohesively bonded to pro-
duce overstimulated cas9 variants, which led
to the conclusion that cas9 variants function
not only in yeast but also in mammalian cells.
Additionally, a novel V CRISPR-cas system call-
ed CRISPR-casm (cas12l) was discovered in
environmental metagenomics, and it has the
power to alter mammalian cells.

In contrast to cas12 and cas9, the findings
showed that the casm enzyme has the distinc-
tive property of surrounding the target DNA
[14]. Currently, CRISPR-cas9 is used to manipu-
late DNA sequences in organisms of interest.
Researchers have demonstrated its therapeu-
tic potential in treating genetic diseases, and
it is also used to create Genetically Modified
Organisms (GMOs) for agricultural purposes.
This method also paved the way for newly cre-
ated proteins like cas12 and cas13. However,
reducing the off-targets has been the driving
force behind the expansion of the method, as
scientists are reviewing various strategies for
better results while legal and ethical concerns
surrounding the use of this technology in cer-
tain experiments (such as editing the embry-
onic germline, for example) are still being dis-
cussed.

Traditional sequencing methods used in
metagenomics

Early sequencing exploited an analytical chem-
istry technique that only detected two nucleo-
tides. It was using this technique that Robert
Holley and his team created the first entire
genome nucleic acid sequence (Alanine) in
1965. Following this, a method utilizing radiola-
bel to partly digest fragments after they were
separated into two parts allowing for a relative
amount of rRNA and tRNA sequences. A tech-
nique employed by Walter Fier’s laboratory cre-
ated the coat of Bacteriophage MS2, which is
the first sequence of a protein-coding gene,
in 1972. Later, the “plus and minus” method
developed by Allan and Sanger and the “chemi-
cal cleavage” method developed by Maxam
and Gilbert were used to sequence the phi-
X174 bacteriophage genome via radiolabeled
DNA polymerase-primer in a polymerization re-
action aided by polyacrylamide gel (Heather,
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2016). Finally, the Chain termination method
introduced by Sanger and his team in 1977,
which would later be named Sanger’s sequenc-
ing method, was utilized to achieve 16,569
base pairs from sequencing the human mito-
chondria gene and 48,502 base pairs for the
bacterium genome.

The basic elements of this approach are a prim-
er, DNA polymerase enzyme, single-stranded
DNA template (ssDNA), designed di-deoxynu-
cleotide triphosphate (ddNTPs), and regular
dinucleotide triphosphate (ANTPs) to solve pro-
blem of time and energy associated with this
method. Leroy Hood and partner Michael Hun-
kapiller made some modifications to the tech-
niques in 1987 by using fluorescence dye in
place of the radioactive label and generating
data through computer analysis. This was rec-
ognized among methods of first-generation se-
quencing as the first significant development
and was adopted for sequencing for over three
decades [15].

Second generation sequencing

In 1996, second-generation sequencing kick-
ed off with the creation of a novel DNA se-
quencing approach, pyrosequencing, by Mo-
stafa Ronaghi, Mathias Uhlen, and Pl Nyen.
Pyrosequencing is a machine-readable tech-
nique that looks at the luminescence emitted
during the sequencing process. It is otherwise
known as pyrophosphate sequencing and has
been categorized as high-throughput sequenc-
ing. The “sequencing-by-ligation” platform cre-
ated via the SOLID system in 2007 and the
“sequencing-by-synthesis” (lon Torrent) that
detects hydrogen ions when new DNA is syn-
thesized are additional platforms at this level.
These platforms differ from first-generation
technologies because they are rapid, high
throughput sequencing, relatively more sam-
ples, and a whole genome could be sequenced
compared to earlier methods with only small
fragments (low scalability). However, the sec-
ond-generation platforms offer more expen-
sive approaches.

Next-generation sequencing and the human
genome project

Due to its capacity to process numerous DNA
sequences at once, NGS is the most sophisti-
cated of all the earlier techniques. According to
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Mobley [16], the Massive Parallel Sequencing
(MPSS) technique, created in 2000, was the
first of these. Later, 454 Life Science devised
the Roche GS20 from pyrosequencing technol-
ogy with a high rate of generating up to 20 mil-
lion base pairs, which became the first com-
mercially available platform in 2004. Similarly,
a sequencer called High-Throughput Sequenc-
ing X (HiSeq X) Ten was made by lllumina to
claim that it had created the first $1,000
genome. This was seen as far less expensive
than other methods that could require millions
to achieve. Beyond the limits of conventional
Sanger procedures, it can provide a very effi-
cient, quick, inexpensive, and accurate way of
sequencing DNA. Sadly, rapid technologies had
not yet been created at the time of the Human
Genome Project (HGP). The 1990-started proj-
ect came to an end in 2003; in addition to the
length of time it lasted, it cost 3 billion dollars.

The Human Genome Project, which cost over
$300 million and took 13 years to complete,
was able to establish the DNA sequence of the
whole human genome in 2003. A complete
human genome may now be sequenced in a
single day for less than $1,000. The 100,000
Genomes initiative, launched by UK Prime
Minister David Cameron in December 2012,
surpassed its milestone more quickly than the
initial initiative (2003) and led to the estab-
lishment of Genomics England. The project was
split into two stages. Human chromosomes
were separated into DNA segments of ade-
quate sizes for subsequent sub-division into
smaller, overlapping DNA pieces during stage
one, which was referred to as the shotgun
stage. As the shotgun’s capacity was insuffi-
cient for the project’s goal of using the physical
map to obtain a vast amount of DNA sequence,
it quickly transitioned to the next stage. Stage 2
was characterized by Gap filling and resolving
DNA sequences in unclear regions not captured
during shotgun. Today, improved technologies
can be used to complete HGP in a day and cost
far less than before, which is a clear indication
that tremendous progress has been made in
the last two decades (Figure 2).

Identification of microbial genes and path-
ways

Researchers have created versions of the
CRISPR-Cas system in addition to Cas proteins
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to improve the system’s functionality and accu-
racy. For instance, “base editors” and “prime
editors” have been developed to allow for more
accurate editing of individual DNA bases or the
insertion of particular alterations without the
requirement for DNA cleavage. A phylogenetic
analysis was carried out to identify and define
casl13 proteins by constructing a computation-
al pipeline in which sequenced data was used
for detecting CRISPR arrays (regions with short
repeated interspaced sequences) and 20 kb
regions of DNA analysis for an Open Reading
Frame (flanking arrays), selecting the proteins
with more than 400 residues for analysis (lon-
ger proteins with functional significance), and
then building a library with Hidden markers
models (HMMs) of all known casl3 genes
(cas13a, b, ¢, and d).

Some scientists [17] noted that It is estimated
that higher than 103° microbial cells are thought
to exist on Earth while More than 99 percent
of the microorganism from habitats are thought
to be uncultured with a majority of cultivated
prokaryotic species coming from just four phy-
la: Actinobacteria, Bacteroidetes, Firmicutes,
and Proteobacteria. In metagenomics, resear-
chers study the diversity of microbes leading to
the discovery of new genes, metabolic path-
ways, biological and pharmaceutical, and ther-
apeutic significance. The sequence-based and
functional approaches are the two main meth-
ods usually adapted for metagenomics analy-
sis. According to some scientists [18], gene
extraction (microbial samples), vector cloning
of genes of interest, Library construction using
clones, and screening and analysis are basic
steps of metagenomic sequencing.

Microbial DNA extraction and construction of
the library

To extract metagenomic DNA, extraction of all
genes in the sample and avoiding fragment
contamination (maintaining its purity and integ-
rity) are key points to consider. To preserve
larger DNA and more from environmental
microbes as feasible, the sample collection
must adhere to a precise protocol. Microbes
are lysed using physical by physically crushing
or sonication, chemical - the use of chemical
agents such as Sodium dodecyl Sulfate (SDS),
and enzymatic (such as breaking of N-acetyl
Glucosamine-N-acetyl muramic acid bond in
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Figure 2. Short protocol of gene extraction and metagenomic Sequencing (This figure summarizes the steps in-
volved in gene extraction and sequencing. 1. Indicate the different microbe and soil. 2. Shows the extraction of DNA
from soil sample into the test tube. The extracted DNA is restriction digested with enzymes and ligated to a vector,
cloned and used to setup a genomic library. 3. Screening of libraries involves harnessing of various sequencing
techniques and PCR. 4. Predictive genes are derived based on functional genes and taxon using various software
such as BLAST. 5. Analysis of genomes using different measures requires techniques such as QIIME, MEGAN etc.).

the case of bacteria) methods. And depending
on whether the cells were isolated, they could
be broken down into direct extraction and indi-
rect extraction [18]. Generally, DNA extraction
is carried out after the collection of samples
from the environment (soil, water host organ-
isms). The use of physical or chemical methods
ensures the fragmentation of the DNA into
smaller pieces and then the fragments are
ligated onto suitable vectors (e.g., plasmids,
bacteriophages), etc. to create a recombinant
DNA which is then transformed into hosts such
as bacteria or yeast cells. The host organisms
are used as replication machinery for the in-
serted DNA. Through culturing, the transformed
host organism begins to replicate thereby mak-
ing multiple copies of the gene of interest.

A vector can take a specific amount of DNA
depending on the type used. For instance,
phage (A) based vectors have a capacity of 20
kb as a desirable fragment compare to other
vectors such as cosmids that can take up to 40
kb. When employing an enzymatic approach, a
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thorough breakdown generally produces frag-
ments that are excessively minuscule for clon-
ing in case the targeted gene to be cloned
encompasses various sites for a specific re-
striction enzyme. This scenario can result in
certain segments being absent from the li-
brary. To address this concern, partial digestion
offers a solution by employing varying amounts
of restriction enzymes to acquire fragments of
optimal dimensions, factored by both sticky
and blunt ends. Initially, the construction of a
genomic Library was a problem especially when
cloning large, as well as fragments from multi-
ple sources. If care is not taken, some clones
may not be represented in the library and this
can lead to an incomplete analysis of an organ-
ism’s genome. To solve this, Carke and Carbon
proposed this equation in 1978; [N=LL:((11_ i))] an
equation used to generate the required 'num-

ber of clones, where: P = the probability of
including all DNA sequences in a random

Library, and N = the number of individual re-
combinants to be screened. For instance, to
obtain 95% probability (e.g., Human genome)
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using 20 kb as insert size, the number of clones

. Ln(1-95
required would be v =%
Ln(i-I.AX 10%)

=42X10°,

Identifying, classifying, and analysing, clones
in genomic Libraries requires the use of meth-
ods such as hybridization methods, assays, or
NGS techniques. Lambda or cosmids are wide-
ly used since it is possible to create a copy of a
complete gene that includes both the coding
sequence and the regulatory elements within
a single clone. In the case of hybridization,
labeled probes flanked with sequences of the
desired gene sequence(s) in a solution are
used. The work of some scientists [19], show-
ed that the PowerSoil DNA extraction Kit
(MOBIO laboratories, Calshal, “Max” version)
for DNA analysis using the Standard Operation
Procedure (SOP) was used in the DNA extrac-
tion protocol.

Sometimes the DNA is subjected to Propidium
Monoxide (PMA) to distinguish between viable
and dead cells using Shotgun sequencing,
whereas PCR is used in conjunction with Am-
plicon Sequencing and Illumina Sequencing to
generate paired-end Reads. Data analysis and
interpretation follow after DNA extraction.
Several platforms are available, such as QIIME
to obtain sequences, PICTRUST for functional
prediction and analysis, ANOVA and LSD as
multiple comparison methods (ANOVA is used
for comparing 2 different groups, while LSD is
a Post hoc test for specific differences bet-
ween 2 pairs of a group), Quant-IT PiCOGreen
dsDNA assay kit for fluorescence quantifica-
tion, lllumina MiSeq for paired-end sequences
(Library preparation), Shotgun sequencing for
library preparation, Next Generation sequenc-
ing (NGS) for metagenomic analysis, etc. [19,
20]. Functional annotation uses OUT cluster-
ing for taxonomical classification, Quantitative
Insights into Microbial Ecology (QIIME), Mothur
Version 1.2.1-used for calculating the richness
of species in samples, etc.

A description of how functional analysis of
complex microbial community is carried out

Researchers can unravel the ecological func-
tions, interactions, and contributions of indi-
vidual microbes within the community by using
functional analysis. Most metagenomics meth-
odologies use a variety of sequencing tech-
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niques to examine Meta-transcriptomic or me-
taproteomic. The selection of a particular com-
munity or the collection of samples using a few
techniques, such as Polymerase Chain Reaction
(PCR) and other sequencing methods, are fun-
damental to the process (Figure 3). Also, it is
significant to the underlying bedrock such as
functional categories and diversity, microbial
abundance sequencing, and community struc-
ture. For instance, a comparative analysis stu-
dy [21] revealed for functional categories and
diversity (metabolism-high, nutrient cycling-
moderate, energy production-moderate, signal-
ing-low & stress response-moderate), lllumina
MiSeq PE250 was adopted as a sequencing
technique resulting in proteobacteria (19.86%)
as the abundant group in a study involving the
use of 30 Chinese Cordyceps samples from 3
plots randomly. The same was observed in a
study conducted in the open pit mining area of
Ke'e’s village in Shanxi province (China) [20]
where function diversity & categories were high
for metabolism and absent (or not investigat-
ed) in the other factors using 16s rRNA gene
sequencing techniques and presenting proteo-
bacteria as the highest in percentage across
all samples. Additionally, some scientists [19]
found 34 poly extremophiles in high abun-
dance, as metabolism was also high in func-
tional categories and diversity while investigat-
ing microbial communities in extreme terres-
trial environments using Next generation se-
quencing techniques. Functional analysis as
emphasized in the examples of past studies
above is well defined as (i) metabolism (func-
tional diversity: high/moderate/low; correlation
with other functions: +/-/no correlation with
nutrient cycling); nutrient cycling (functional
diversity: high/moderate/low; correlation with
other functions: +/-/no correlation with stress
response); energy production (functional diver-
sity: high/moderate/low; correlation with other
functions: +/-/no correlation with other func-
tions etc.).

Current implications of metagenomics in
plants

Metagenomics has emerged as a powerful tool
in plant research with diverse implications.
Researchers have indicated that metagenom-
ics enables the study of microbial communities
associated with plants, providing insights into
functional diversity, metabolism, and interac-
tions. It involves DNA extraction, high-throu-
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Figure 3. An illustration of the availability of which revolutionize our understanding of biological systems, enabling
targeted interventions, improved diagnostics, and innovative strategies for sustainability. With these, there is more

we can do with genes.

ghput sequencing, and bioinformatic analy-
sis. Metatranscriptomics and metaproteomics
complement the analysis by assessing gene
expression and protein activity. The impacts of
metagenomics on plants include enhanced
crop productivity, disease management, and
ecosystem understanding. Beneficial microbial
communities can be identified, leading to tar-
geted microbial inoculants for improved plant
growth and disease resistance. Metagenomics
aids in disease detection, allowing timely con-
trol measures. It also provides insights into
microbial interactions, nutrient cycling, and
ecosystem functioning. Practical applications
span various areas. In plant breeding, metage-
nomics aids in selecting beneficial microbes
associated with desired traits. See Figure 4.
Disease management benefits from early pa-
thogen detection. Ecosystem studies benefit
from assessing soil health and the impacts of
land management practices. Recent studies on
the impact of metagenomics on plants can be
found in Table 1.
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Implication of metagenomics in animals

Recent studies encompass a range of topics
related to metagenomics in animals, including
the contribution of the rumen microbiome to
global methane emissions, the role of the ru-
minal microbial community in ruminants, the
impact of metagenomics on animal health,
and the potential for genetic control of the
rumen microbiome. sequencing methods, such
as metagenomic Next-Generation Sequencing
(MNGS), to analyze the microbial communities
present in animals. The provision of insights
into the composition and functions of micro-
bial communities in animals, particularly in the
rumen of ruminants, plays a crucial role in the
digestion of complex plant carbohydrates and
the production of nutrients that are beneficial
for the host animal. Metagenomic studies have
been instrumental in disease surveillance,
early detection of pathogens, and understand-
ing zoonotic risks.
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Figure 4. A Flow Chart showing the integration of Diverse Sequencing Techniques in crops improvement and disease
control. It illustrates how microbes can be harnessed through sequencing and bioinformatic analysis and engi-
neered to increase crops output (Agriculture), used to identify microbials pathogens in plants, animal and humans
and as well as to ascertain the function of microbes.

Table 1. Implication of metagenomics in plants using five recent studies

Gene Extrac-

Research title Sample size . Seq. method No. of Reads References
tion method

Analysis of the bacterial populations living on 5 different High-throughput  lllumina MiSeq 591,672 [21]

Chinese Cordyceps: structure and estimated samples (QF, XF, sequencing PE250

functional analysis ZF, NaF, NyF) method

Microbial Community Composition and Predicted Not mentioned E.Z.N.A. DNA/ 16sRNA gene - [20]

Functional Assessment in Reclaimed Soil with RNA Isolation kit Sequencing

Different Vegetation Types (e.g., Xiaoyi Mine & E.Z.N.A Soil

Waste Dump in Shanxi) DNA Kit

Intact communities of microbes living in harsh, (6) IM, PPF2, PF2, Arch344F and lllumina MiSeq 37,516 reads [19]

essential for astrobiology anaerobic environ- RR, SS1, Hypersa- Arch915R prim-  paired-end

ments: Taxonomic and functional analysis line environment ers sequencing

The genetic and enzymatic capability of the Not specified ORF prediction Shotgun 18,762,958 [22]

microbial community participating in the metagenomics reads (average

decomposition of a multifaceted microbial com- sequencing of 1,563,580

pound is shown by cultivation-independent and reads/sample)

cultivation-dependent metagenomes

NB: This Table shows summary of 4 studies from different microbial communities through the Metagenomic tools are utilized to analyse diverse microbial communities
in various environments and investigate their genetic and functional characteristics. Study 1: “Analysis of the bacterial populations living on Chinese Cordyceps” had five
different samples (QF, XF, ZF, NaF, NyF) analysed using high-throughput sequencing (lllumina MiSeq PE250), resulting in 591,672 reads. Study 2: “Microbial Community
Composition and Predicted Functional Assessment in Reclaimed Soil with Different Vegetation Types” used gene extraction kits and 16sRNA gene sequencing, but
sample size and read count are not specified. Study 3: “Intact communities of microbes living in harsh anaerobic environments” examined six samples using lllumina
MiSeq paired-end sequencing, generating 37,516 reads with Arch344F and Arch915R primers. Study 4: “Genetic and enzymatic capability of microbial community

in decomposing multifaceted microbial compound” employed ORF prediction and shotgun metagenomics sequencing, resulting in an average of 18,762,958 reads
(1,563,580 reads per sample) with an unspecified sample size.

By analyzing metagenomic data, specific micro- asures are implemented for disease prevention
bial pathogens are identified and effective me- and control. For instance, recent studies high-
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Table 2. Implications of metagenomics in animals enhanced by CRISPR-Cas9 technique from recent

studies
. Sequencing CRISPR- ) .
Targeted species Purpose d g . Impact on the studied organism Reference
method protein

Livestock Identify genetic markers, per-  SNP chips, Cas9 Identify genetically superior animals based [23]
form genome-wide association Whole-ge- on specific traits, (efficiency), reproduction,
studies, and genome selection nome disease resistance, and animal welfare)

Zebrafish Study the physiological Not specified  Cas9 Role of PARN in oogenesis and gonadal matu- [24]
consequences of PARN loss- ration in zebrafish; demonstrate the impact
of-function of PARN deficiency on sex determination and

gonadal development

Poultry Study the diversity and Amplicon Not men- Enable comprehensive analysis of the entire [25]
functions of the poultry gut sequencing, tioned poultry gut microbiome, improved health and
microbiome metagenomics productivity of poultry birds

Cattle Genome engineering to en- Not specified  Cas9 Improves the efficiency of food production, [26]
hance food production, animal enhances animal health and welfare, and
health, and welfare introduces valuable traits

Niches, arthropod dis- Microbiome analysis in dis- NGS Cas9 Analysis of human host genes and transcrip- [27]

ease vectors, and the eased and healthy states
human microbiome

tome in response to infection, aiding in dis-
ease diagnosis and evaluation of disease risk

NB: The tables provide a visual representation of key findings, comparisons, trends, or relationships between different variables from recent studies including: 1. Target-
ed species in each study, 2. Sequencing method applied, 3. CRISPR endonuclease, and 4. Impact on the study organisms. It provides a comprehensive overview of the
application of metagenomics and CRISPR-Cas9 in various animal species, highlighting the potential benefits in terms of disease resistance, allergen eradication, product
generation, gender-specific birth, the introduction of valuable traits, and overall animal health and welfare. The table also emphasizes the importance of accurate guide
RNA design and the use of computational tools to ensure efficiency and specificity in the CRISPR editing process. insights into the current state of metagenomics and

gene editing in animals, identify successful applications.

light the importance of specific microbial taxa
in the rumen, such as Firmicutes, Bacteroi-
detes, Methanobrevibacter, and Fibrobacter,
in the digestion and nutrient utilization of ru-
minants. The viromes of common livestock,
including cattle, small ruminants, poultry, and
pigs, have been characterized, revealing known
and novel viruses with potential zoonotic impli-
cations. The identification of pathogens caus-
ing disease, such as avian and swine influenza,
not only offer opportunities to reduce methane
emissions but also improve animal health and
enhance feed efficiency. Refer to Table 2 for
metagenomic impart in animals.

Clinical applications

Metagenomics sequencing techniques are
highly recommended to be used in case of a
disease outbreak, in the medical diagnosis of
pathogenic microorganisms, and in the identifi-
cation of infectious diseases in hospitals and
communities. By sequencing the genomes pre-
sent in clinical samples and analyzing the final
data, unexpected microbes can be uncovered,
including fastidious ones. A large amount of
sequenced data generated can be analyzed
using bioinformatics tools such as Basic Local
Alignment Tools (BLAST) to compare sequence
reads to a reference database such as the
National Center for Biotechnology Information
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(NCBI) GenBank. The matching sequence of
known genes or genetic markers aids in provid-
ing a detailed understanding of the identity and
abundance of microorganisms in the samples.
Here are some ways in which metagenomic
techniques can be harnessed:

i. Assessing the sensitivity of microorganisms
to drugs: Studying genetic sequences in clini-
cal samples, metagenomics detects resistance
genes or mutations, revealing microorganisms’
drug responses. To identify the presence of
resistance factors, data can be compared with
databases of known genes for antibiotic resis-
tance, such as the Comprehensive Antibiotic
Resistance Database (CARD) or the ResFinder
database. This information may then be used
to determine whether the microbes are suscep-
tible to different antimicrobial agents or resis-
tant to them. This helps to assist in choosing
suitable antimicrobial treatments and deriv-
ing more targeted and efficient therapeutic
approaches [28, 29].

ii. Detection of communicable illnesses: It is
used as a procedure for diagnosing infectious
illnesses that involves reading the genetic infor-
mation in patient samples and analysing the
results. Compared to traditional approaches
like cultivating cultures or certain PCR tests,
this technology makes it possible to identify a
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larger range of microorganisms and has been
shown to work in a variety of settings that
include infectious illnesses, including infec-
tions of the respiratory system, circulation, di-
gestive system, brain, and spinal cord. deliver-
ing quicker outcomes in a matter of hours.

iii. Identification of hard-to-culture or dead
microorganisms: Metagenomics can help iden-
tify these cases by spotting microorganisms
that are tough to grow in labs or that might have
died because of previous exposure to drugs
Metagenomics can help identify these cases.

iv. Personalizing drug regimens for infections:
Metagenomics can help customize treatment
plans for individual patients by using informa-
tion about the microorganisms identified and
how they respond to drugs.

Future prospects

As indicated in various research studies lately,
metagenomic sequencing has been promising
and fast progressing since the 1970s. Meta-
genomics offers the potential for more efficient
and less costly solutions in molecular biology,
research, medicine, and agriculture and high-
lights the rise of new sequencing techniques
that can provide more accurate and high-th-
roughput analysis of complex microbial com-
munities [30]. These advancements in meta-
genomics sequencing have implications for
various fields, including the discovery of novel
biocatalysts, understanding of microbial inter-
actions, and the development of targeted
microbial inoculants for improved crop produc-
tivity and disease management [31], which also
play crucial roles in animal health, disease sur-
veillance, and identifying zoonotic risks [32].
The integration of omics technologies, such as
metagenomics, proteomics, and transcripto-
mics, further enhances our understanding of
molecular biology and enables genetic engi-
neering advancements. Metagenomics sequ-
encing holds immense potential for transfor-
mative advancements in scientific research
and applications. With the enhancement of
new techniques such as NGS, and shotgun,
Whole Exome Sequencing (WES), genome en-
gineering has become easier with CRISP-cas
technologies, reducing the level of off-target
activities and yielding far better outcomes that
provide a more extensive understanding of the
complexity of genes compared to two decades
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ago. Soon, with the basis of these methods, sci-
entists will enhance new technologies that will
offer unbiased, efficient, and most importantly
easy to handle and less costly.

Conclusion

Metagenomics and sequencing technologies
have deepened our understanding of biological
systems, opening doors to targeted interven-
tions, improved diagnostics, and better strate-
gies for sustainability. In the realm of plant
metagenomics, researchers have explored the
composition and functional analysis of bacteri-
al communities in Chinese Cordyceps, reclaim-
ed soil with different vegetation types, and
extreme, astrobiology-relevant, anoxic sites,
among other selected recent studies. These
studies have utilized high-throughput sequenc-
ing methods, such as lllumina MiSeq, and have
provided insights into the microbial diversity
and functional potential of these ecosystems.
In animals, the use of CRISPR-Cas9 techno-
logy has enhanced our ability to study and alter
the microbiome and genomes of species. Here
are a few instances: the identification of genet-
ic markers in livestock, the physiological conse-
quences of gene loss-of-function in zebrafish,
the analysis of the poultry gut microbiome,
genome engineering in cattle, and microbiome
analysis in disease states, etc. These applica-
tions have the potential to improve animal
health, disease resistance, productivity, and
overall welfare. The availability of a wide variety
of sequencing methods has enabled research-
ers to delve deep into the genetic and function-
al diversity of microbial communities associat-
ed with plants and animals. Using CRISPR-
Cas9 in metagenomic approaches is a boast to
the sequencing era. The ability to extract valu-
able insights from complex biological systems,
coupled with the ability to manipulate genes
and microbial communities, opens up new ave-
nues for improved disease diagnostics, per-
sonalized medicine, enhanced crop productivi-
ty, and sustainable animal farming practices.
However, challenges remain in fully realizing
these transformative possibilities. One key limi-
tation is the vastness and complexity of meta-
genomic data, which demands sophisticated
computational tools for accurate interpreta-
tion. Ongoing research is focusing on develop-
ing Al-driven algorithms that can predict meta-
bolic pathways, identify potential interactions,
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and prioritize gene targets for manipulation. We
can envision clinical diagnostics that incorpo-
rate metagenomic profiling to swiftly identify
pathogens, track disease outbreaks, and per-
sonalize treatment regimens aided by bioinfor-
matic techniques.
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