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Abstract

A gene library is a collection of different DNA sequences from an
organism, which has been cloned into vectors for ease of
purification, storage, and analysis. There are two types of gene
libraries based on the availability of a source of DNA used. The
genomic library contains DNA fragments that represent the entire
genome of an organism, whereas CDNA libraries will contain only
the complementary DNA molecules synthesized from the mRNA
molecules in a cell. For the construction of gene libraries, we have
to know the size of the gene and insert size or capacity of vectors.
Vectors used for gene library construction are plasmid, lambda
phage, Cosmid, bacterial artificial chromosome, and yeast artificial
chromosome. The most commonly used vector type is lambda, but
most genomic libraries are constructed using BAC and YAC
vectors. For the construction of gene libraries, the steps followed
are the isolation of bacteria followed by cloning and sequencing
DNA. The main use of genetic libraries is to increase the likelihood
that a particular portion of a DNA source will be found within the
collection. It is used to collect and store information as a set of
DNA molecules. Gene libraries are stored inside bacterial cells.
Bacterial colonies have the ability to store different genes, similar
to how books are stored in a library.
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Introduction

Genetic libraries are collections of different DNA sequences from
organisms that are cloned into vectors for ease of storage and
analysis. Because this is a collection of cloned DNA, there is a high
probability that a specific portion of the DNA source will be found
within the collection. A genetic library is a collection of DNA
fragments from varying biological systems. Gene libraries may
contain the entire genome sequence or cDNA. However, the DNA
sequence is formed from mRNA. The two major types of gene
libraries are classified depending on the source of DNA used for
construction. The types are Genomic libraries and cDNA libraries
(Caucheteur et al., 2018). Genomic libraries have only one DNA
fragment, which represents the entire genome of an organism.
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Genomic libraries are further divided into A) Nuclear Genomic
library B) Organelle genomic library (Burman et al., 2020). The
complementary DNA library will contain only complementary(c)
DNA molecules, which are synthesized from mRNA gene
molecules in a cell. This group comprises clones that contain solely
the cDNA of genes that express specific cells or tissues at certain
times.

Construction of gene libraries involves the size of the gene and
inserting the size or capacity of the vector. Based on this, gene
library size can be known and also ensure the high probability of
insertion (Zabarovsky, 2006). For the construction of libraries,
molecular tools like molecular scissors and pastes are required. It
is used to ligate the DNA into the required size (Jayaraman et al.,
2019). Vectors like plasmids, lambda phage, Cosmid, BAC, and
YAC vectors are used to construct genomic libraries depending on
genie size. Among these vectors, the most commonly used type is
lambda because of its structural flexibility. Since these lambda
phages have a narrow host range, BAC and YAC are used for gene
library construction (Park et al., 2016).

The construction of gene libraries varies for genomic libraries and
cDNA libraries. But the steps followed are more or less similar.
Extract and purification of DNA and digest with restriction
enzymes. Consequently, this creates fragments of similar size that
contain one or more genes; fragments are created and should be
inserted into vectors. So, these vectors are also cut using the same
restriction enzyme to seal the DNA fragments, and ligase is used.
Therefore, this method creates a large pool of recombinant
molecules. Applications of gene libraries are genome-wide
association studies that aim to find specific gene targets and
polymorphisms within the human race (Choi, 2014). An article
suggested that cinnamon extract shows better antibacterial activity.
This is due to the expression of genes related to lipids.
Chlorhexidine has a bisbiguanide compound with a structure
consisting of two p chlorophenyl guanidine genes, which shows
good oral prophylaxis. Genes such as ccpa and brpa present in
streptococcus mutans help form a plaque and cause dental caries
(Shahana & Muralidharan, 2016). The presence of virulence genes
and several resistance phenotypes makes Enterococcus faecalis
form plaque and causes several root canal medicaments to be less
effective than without endomethasone. Acinetobacter baumannii
has a plasmid-mediated blaOXAS8 gene, which plays an important
role in urinary tract infections. The CHM gene present in the
orange peel helps in the streptococcus mutation and enterococcus.
Laurus nobilis genes have modified genes and have greater anti-
inflammatory action due to modified genes. Plasmid encoded bla
Tem has different gene sequences and various properties, and it

© 2024 The Author(s). This is an Open Access article distributed under the terms of the Creative Commons Attribution 4.0 International License (CC-BY 4.0).

https://creativecommons.org/licenses /by /4.0 /deed.en


https://doi.org/10.51847/73VjyOe9IQ
https://creativecommons.org/licenses/by/4.0/deed.en
https://paperpile.com/c/r3yKvh/CovS
https://paperpile.com/c/r3yKvh/Cxpv
https://paperpile.com/c/r3yKvh/Cxpv
https://paperpile.com/c/r3yKvh/NWWY
https://paperpile.com/c/r3yKvh/8VuO
https://paperpile.com/c/r3yKvh/gMNf

19

J Biochem Technol (2024) 15(2): 18-22

shows that long-coded non-coding RNA such as Xist present in N-
N-methyladenosine present has activity against human disease
(Priyadharsini et al., 2018). Acinetobacter spp. Belonging to
genotypes 4 and 5 were found to harbor 6-10 and 2—8 potential
drug-resistant genes makes it potential. In silico analysis of
virulence genes in an emerging dental pathogen A. baumannii and
related species. An article suggested that kaempferol, apigenin, and
catechin from A. nilotica seem to possess a promising inhibitory
effect against the wild and mutated ERG11 of C (Ushanthika et al.,
2019).

Results and Discussion
Gene Library and Its Types

A library of genetic information is a vast collection of DNA
fragments that are duplicated from an organism, tissue, or
organelle. Therefore, it can contain the entire genome sequence or
a cDNA sequence formed from mRNA. Gene libraries are
classified into two types based on the source of DNA  such as A.
genomic libraries and B. cDNA libraries (Van Dijk et al., 2014;
Ghule et al., 2023). Genomic libraries are made from genomic
DNA in which molecules of DNA are very large, so it is necessary
to fragment them into small pieces to insert into vectors. Genomic
DNA libraries are further classified into a) nuclear genomic library
b) organelle genomic library. Nuclear genomic libraries contain the
total DNA content of the nucleus. In this type of library
construction, we extract specifically nuclear DNA and use it to
construct the library. Organelle genomic libraries are collections of
cloned, restriction enzyme-digested DNA fragments that contain at
least one copy of every DNA sequence in the genome.
Complementary DNA libraries are made from cDNA, which is
copies of every DNA from mRNA molecules. Consequently, to
make cDNA, mRNA is isolated from a tissue or whole organism,
and DNA is copied from the mRNA template using the enzyme
reverse transcriptase. Thus, using this, it will be reverse genetics
based on the principle of reverse genetics principles. The resulting
c¢DNA molecules are used for the construction of gene libraries
(Pirone-Davies ef al., 2020; Mashhour et al., 2023).

Vectors and its Types

The fragments of DNA are inserted into vectors using DNA ligase.
Vector is used for easy amplification and retrieval of specific
clones from the library for analysis.

Fragmentation

Thus, the DNA will be commonly fragmented into one of three
general sizes based on which vectors can be selected. Vectors are
classified into small, medium, and large inserts.

Vectors for Small Inserts

Libraries with less than 10 kB insertions are almost invariably
cloned into plasmid vectors. So, these plasmid vectors are
maintained in E. coli at a range of approximately 309 copies per
cell and show resistance to ampicillin. It is one of the oldest
methods, and it is unreliable for cloning all DNA classes. An article
suggested that insertion resulting in an AcrR frameshift and large
chromosomal deletions in the essential oil improves the

antibacterial activity and helps prevent caries, also performing
similarly to chlorhexidine (Sabarathinam et al., 2017, Petronis et
al.,2023).

Vectors for Medium Inserts

Inserts of 1 approximate size 10-40 kB are most stable when
vectors with low copy numbers in the range of 10-20 copies per
cell are used. The most common types of medium insert vectors
are E plasmid, bacteriophage, and lambda. Because of the
structural flexibility, lambda types are mostly used, but the
disadvantage associated with it is a narrow host range (Rohweder
et al.,2019; Zakaev et al., 2023).

Vectors for Large Inserts

EBAC vectors are developed to contain inserts greater than 300kb,
but they also accept inserts in the 100-200 kB range. PAC can also
be used for large inserts, but the major disadvantage is that it is
used to construct libraries for lower organisms such as a mouse,
drosophila, and non-related genes, which may lead to mishaps
(Mukai et al., 2020; Jain, 2023).

Construction of Gene Libraries
Construction of Genomic Library

Genomic library construction begins with cleaning the genome
into small pieces using restriction endonuclease. Those fragments
are then cloned in vectors and introduced microbes or packed using
phage particles. So, it’s basically like a library here; each book is
a clone in the library. Extract DNA from the organism and select
the vector according to the size of inserts. The vector has to open
up using restriction endonuclease enzymes and insert fragmented
DNA, opening up the vector, which leads to the formation of
recombinant DNA. Once rDNA is formed, it is introduced to
bacteria to clone (Figure 1).

Extract DNA

:

Cut into fragments

{
)

Extract vector from bacteria

Construction of Genomic
Library

7D
NS

10 &8]]0 Ko ]

Introduce into bacteria to clone

Figure 1. construction of the genomic library
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Screening of Genomic Library

The screening is done to identify the gene of interest. Certain
techniques are followed in screening, such as colony hybridization
and plaque hybridization. So, colony hybridization is a screening
of a library with a labeled probe, such as radioactive, which can be
used to identify specific sequences of DNA, RNA, enzyme,
protein, or antibody (Andriese, 1998). In contrast, plaque
hybridization is based on the hybridization of oligonucleotide
probes to target DNA. In this technique, petit dishes to filter the
DNA are directly transferred.

Construction of cDNA Library

The construction of cDNA libraries is achieved by the extraction
of mRNA. This mRNA was extracted and purified by triazole
extraction and column purification. The mRNA is elated by using
an elating buffer and some heat to separate the mRNA strands.
Then, the mRNA is removed using RNase enzyme, leaving it as
single-stranded cDNA. Once the cDNA is obtained, the same steps
followed for the construction of the genomic library are followed.

Screening of cDNA Library

The identification of a specific DNA fragment allows for its
isolation, subsequent amplification, and determination of its
sequence. It is based on denature hybridization with a probe by
performing autoradiography.

Sequencing of Gene Libraries

There are two types of gene libraries. Each of these has a different
sequence and uses. The process of DNA cloning allows for the
selection of a single copy of an entire DNA or RNA sequence from
dozens of available sequences within cellular structures. The DNA
sequence can be amplified after the fragmentation of DNA. Many
articles documented that methicillin-resistant staphylococcus is the
most common cause of hospital-acquired infection. Sequencing of
VRSA shows unambiguously that each strain lineages well for
acquiring antibiotic resistance in mixed infection (Misikir et al.,
2016).

Uses of Sequences

The nucleotide sequence is used to predict the amino acid sequence
of proteins. Though it has 6 different reading frames in which DNA
sequences can be translated into protein, the correct one is
generally recognized as the only one-stop frequent codon.
Sequences that encode stretches of amino acids much longer than
this are Exxon’s. Selected DNA segments can be used for
polymerase chain reactions (Langille et al., 2013).

Applications of Genomic Libraries and Its Uses
Application of Genomic Library

Genomic libraries play an important role in DNA sequencing
projects. It also plays an important role in identifying novel
pharmaceutically important genes. The identification of new genes
that are not active in the host is greatly facilitated by genomic
libraries and enhances our understanding of the complexity of the
genome. Point mutation of the gene ERG11 is useful in cloning

studies and the study of non-synonymous mutation in Candida
species (Shahzan et al., 2019). Laurus nobilis gene studying is also
used in various commercial products such as tea, a fragrance for
food and cosmetic industries. Acinetobacter baumannii, inserting
the GFP gene in a chromosome, is useful for genetic studies in
important pathogens (Girija et al., 2018).

Uses of Genomic Libraries

A major role in transgenic animal production is through the
genomic sequence. Creating cDNA libraries to establish what gene
is expressed. Used to study the genetic mutation in cancer tissues.
Major uses are shotgun sequencing and random shotgun
sequencing. Researchers can explore the genome of an organism
to learn more about genomic structure and function. Used to map
the genome, identify the locations of specific genes, and for
cloning segments of DNA. It is the first step in any DNA
sequencing project.

Applications and Uses of cDNA Libraries and Its Uses
Application of cDNA Library

c¢DNA library is used to isolate homogeneous genes. It helps
express eukaryotic genes in prokaryotes. The major application
includes studying the expression of mRNA. It can also facilitate
the generation of antibodies and monoclonal antibodies. It plays an
important role in the discovery of novel genes. To elucidate gene
function, to get high yields of recombinant cDNA. Commercial
applications are the production of proteins and other biological
molecules. Various applications include identifying carcinogens,
studying alternative splicing, and obtaining pure samples of genes.

Uses of cDNA

A useful tool in the area of biotechnology. Useful In reverse
genetics where additional genomic information is useful. Used for
screening genomic libraries. Used in isolating the genes that code
for particular mRNA and used for cloning of full-length cDNA
molecules for in vitro study of gene function. Study of alternative
splicing in different cells or tissues and for the repertoire of mRNA
expressed in different cells or tissues and discovery of novel genes.
Mainly used to reproduce eukaryotic genomes as the amount of
information is reduced to remove the large numbers of non-coding
regions from the library. Used to express eukaryotic genes in
prokaryotes.

Disadvantages
Disadvantages of cDNA Library

Contains only sequences that are present in mRNA.
Introns and other sequences are altered after transcription is
not present.

e Frequency of a particular DNA sequence in a cDNA library
depends on the abundance of the corresponding mRNA.

Disadvantages of the Genomic Library

e The mishap in construction of the gene library.
e Errors can occur in genetic maps.
e Reference genome may be incomplete.
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e Shotgun sequencing requires vast amounts of computing
power and sophisticated software.

Global Platforms for Human Gene Sequencing and Mapping

International Breakpoint Mapping Consortium (IBMC) seeks to
create a saturated map of balanced chromosomal rearrangements
as a way to gain functional knowledge of the human genome. The
library will serve as a biomedical platform. It emphasizes
promoting international collaboration when initiating new
partnerships for IBMC.

Conclusion

Genomic libraries help establish accurate genomic libraries and
study specific gene targets and polymorphism in the human race.
It also helps in future human cell line studies. There are several
tools to avoid mishaps during the sequencing of gene libraries, and
it’s a construction that allows the establishment of qualitative gene
sequencing.

Future Use

o Human cell line development for biomedical research.
e Construction of a genomic library of endangered species,
which plays an important role in species conservative strategy.
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