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9.1 INTRODUCTION

In the previous Block you learnt about formation of recombinants where you
were introduced to the details how foreign DNA is introduced into the host
cells, expression vectors and PCR. In this block on Gene cloning you have
studied how a probe is designed, its synthesis. Now its time to focus our
attention on construction and screening of gene libraries. You must have
observed library in your school university, where books are grouped and
arranged in a systematic manner to identify and readily get the desired one.
Similarly organisms DNA or genes also maintained as clonal libraries which
are crucial for quick isolation of desired DNA / gene of interest for various
gene manipulation studies. In this unit you shall learn about various types of
DNA or gene libraries, their construction, maintenance and identification of
desired clone from the library.
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Expected Learning Outcomes

After studying this unit, you shall be able to:

+ explain various types of DNA Libraries;

¢ describe how DNA is constructed and maintained;
«» enlist the uses and applications of gene libraries;
+ discuss screening strategies for clone of interest;

+» differentiate between colony and plaque hybridization;

Y7
L X4

explain substractive library;

Y7
L X4

describe various expression strategies for cloning functional genes; and

¢ illustrate how to identify the desired clone.

9.2 GENE LIBRARIES

A gene library (also called a DNA library) is a collection of DNA fragments
that represent the genetic material of an organism. Gene or DNA libraries are
collections of cloned genes that are big enough to contain at least one copy of
every gene from a particular organism. There are two main types of gene
libraries: Genomic Library and cDNA Library.

9.2.1 Genomic Library

A genomic DNA library contains DNA fragments that represent the entire
genome of an organism, including both coding (genes) and non-coding
regions (introns, regulatory sequences, etc.). The DNA is usually cut into
smaller pieces, cloned into vectors (like plasmids or bacteriophages), and
stored in host cells (such as bacteria). It is a collection of DNA fragments
within self-replicating vectors representing the entire genome of the individual
from which the DNA was made. A genomic DNA library is an organism-
specific collection of DNA, covering the entire genome of an organism.
Genomic DNA libraries can be retained for many years and propagated so that
copies can be sent from one research group to another.

It contains all DNA sequences such as:

1. Expressed genes,

2. Non-expressed genes,

3. Exons and introns,

4, Promoter and terminator regions, and

5. Intervening DNA sequences.

The size of the genes and the organism dictate which vector is used for

holding the inserts.
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9.2.2 c-DNA Library

cDNA Library is made from complementary DNA (cDNA) synthesized from
messenger RNA (MRNA). It only contains the genes that are actively
expressed in a particular cell or tissue at the time of collection, so it represents
only the coding regions of the genome (without introns). Much of eukaryotic
DNA consists of repetitive sequences that are not transcribed into mRNA and
the sequences are not represented in a cDNA library. It must be noted that
prokaryotes and lower eukaryotes do not contain introns, and preparation of
cDNA is generally unnecessary for these organisms. Hence, cDNA libraries
are produced only from higher eukaryotes.

9.3 STATEGIES FOR CONSTRUCTION OF
GENOMIC AND CDNA LIBRARY

9.3.1 Construction of Genomic DNA Library

A genomic DNA library is constructed from chromosomal DNA. The DNA of
the cell is digested with a specific restriction endonuclease (e.g., ECoRI) into a
large number of DNA fragments. The digestion reaction can be controlled so
that the average size of the DNA fragments is approximately 20,000 bps (DNA
is partially digested). The advantage of the partial-digest library is that it
contains a series of overlapping DNA fragments (approximately 18 to 20 kb)
covering the genome. The DNA is then fractionated by size. Because the size
of genomic DNA fragments tends to be relatively large (more than 10,000
bases), phage or cosmid vectors (more often phage vectors) are used to
generate genomic DNA clones. The bacteriophage A DNA is cleaved with the
same restriction nuclease that is used to cleave genomic DNA, and the two
are then mixed; DNA ligase is added; and the chimeric DNA is packaged into
phage capsids. The phage capsid is allowed to infect bacteria (e.g. E. coli).
The recombinant phage multiplies as the bacteria multiply, generating millions
of genomic DNA clones. The phage can be purified, and the collection of virion
is called a phage genomic library. Genomic libraries usually are stored as
phage patrticles in solution.

A genomic DNA library can also be prepared in cosmid vectors provided that
the size of the partially digested DNA fragments is adjusted to approximately
40 to 45 kb. A cosmid library has the advantage of a larger insert size;
however, rearrangements may occur. More recently, YAC libraries have been
constructed for mapping large regions of human genome. Yeasts have
advantages over bacteria because they are eukaryotes and therefore more
like animal and human cells.

Construction of a genomic DNA library involves isolation, purification and

fragmentation of genomic DNA followed by cloning of the fragmented DNA

using suitable vectors. The eukaryotic cell nuclei are purified by digestion with

protease and organic (phenol - chloroform) extraction . The derived genomic

DNA is too large to incorporate into a vector, and needs to be broken up into

desirable fragment sizes . Fragmentation of DNA can be achieved by physical 157
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method and enzymatic method . The library created contains representative
copies of all DNA fragments present within the genome (Fig. 9.1).

Mechanisms for cleaving Genomic DNA

(a) Physical method: It involves mechanical shearing of genomic DNA using
a narrow-gauge syringe needle or sonication to break up the DNA into suitable
size fragments that can be cloned. Typically, an average DNA fragment size of
about 20 kb is desirable for cloning into A based vectors. DNA fragmentation is
random, which may result in variable sized DNA fragments. This method
requires large quantities of DNA.

(b) Enzymatic method: It involves use of restriction enzyme for the
fragmentation of purified DNA. This method is limited by distribution probability
of site prone to the action of restriction enzymes which will generate shorter
DNA fragments than the desired size. If, a gene to be cloned contains multiple
recognition sites for a particular restriction enzyme, the complete digestion will
generate fragments that are generally too small to clone. As a consequence,
the gene may not be represented within a library.

Total cell DNA

Sau 3A sites

Partial Sau3A
digestion f(\‘

Ligate into cosmid

/—{.’:5 kb fragments

— T

“"11 T T l"’_'ﬁ_rp.o

cCos cos Cos

In vitro package,
intect E.coli

Colonies

+ other Petri
dishes = gene library

* Sau3A is a restriction enzyme that cleaves DNA at specific sites
Fig. 9.1: Flow chart showing construction of Genomic DNA Library.

To overcome this problem, partial digestion of the DNA molecule is usually
carried out using known quantity of restriction enzyme to obtain fragments of
ideal size. The two factors which govern the selection of the restriction
enzymes are- type of ends (blunt or sticky) generated by the enzyme action
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and susceptibility of the enzyme to chemical modification of bases like
methylation which can inhibit the enzyme activity. The fragments of desired
size can be recovered by either agarose gel electrophoresis or sucrose
gradient technique and ligated to suitable vectors (Fig. 9.2).
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(a) ,
{} Complete digest
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@ Partial digest

(b)

Fig. 9.2: The complete (a) and partial (b) digestion of a DNA fragment
usingrestriction enzymes.

Partial restriction digestion is achieved using restriction enzymes that produce
blunt or sticky ends as described below. The genomic DNA can be digested
using restriction enzymes that generate blunt ends e.g. Haelll and Alul. Blunt
ends are converted into sticky ends prior to cloning. These blunt ended DNA
fragments can be ligated to oligonucleotides, that contain the recognition
sequence for a restriction enzyme, called linkers or possess an overhanging
sticky end for cloning into particular restriction sites called adaptors (Fig. 9.3).

Haelll : 5' - GG | CC-3' Alul: 5'-AG I CT-3'
3'- CCIGG-5 3-TC I GA-5

Fig. 9.3: Adaptors.

Linkers: Linkers are short stretches of double stranded DNA of length 8-14 bp
that have recognition site for restriction enzymes. Linkers are ligated to blunt
end DNA by ligase enzyme. The linker ligation is more efficient as compared
to blunt-end ligation of larger molecules. The ligated DNA can be digested with
appropriate restriction enzyme generating cohesive ends required for cloning
in a vector. The restriction sites for the enzyme used to generate cohesive
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ends may be present within the target DNA fragment, limiting their use for
cloning (Fig. 9.4).

(a) A typical linker

C—G-A—T-G—G—A—T-C—C-A—T—C—=G
Lt
G—C-T—A-C—C—T—A-G—G-T—A—G—C
BAM;—Hsite
(b) The use of linkers .
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Fig. 9.4: Linkers and their use: (a) the structure of a typical linker; (b) the
attachment of linkers to a blunt-ended molecule.

(a) A typical linker
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160 Fig. 9.5: Different types of adaptors to join the ends of a DNA.
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The use of adaptors: (a) the actual structure of an adaptor, showing the
modified 5-OH terminus; (b) conversion of blunt ends to sticky ends through
the attachment of adaptors. After the adaptors have been attached, the
abnormal 5’-OH terminus is converted to the natural 5'-P form by treatment
with the enzyme polynucleotide kinase, producing a sticky-ended fragment
that can be inserted into an appropriate vector (Fig. 9.6).

(a) The precise structure of an adaptor

HO
e OH

The modified H6 PO,
5'-OH terminus

(b) Ligation using adaptors

Blunt ended molecule
- : | HO=m
1 = OH
DNA ligase
HO —
Polynucleotide
kinase

Fig. 9.6: A) Modified adaptor B) Ligation using adaptors.

ii. Restriction enzymes that generate sticky ends in Genomic DNA can be
used for preparation of genomic DNA libraries. For example, digestion of
genomic DNA with the restriction enzyme Sau3Al (recognition sequence 5’-
GATC-3’) generates DNA fragments, that are compatible with the sticky end
produced by BamHI (recognition sequence 5’-GGATCC-3’) cleavage of a
vector. Once the DNA fragments are produced, they are cloned into a suitable
vector (Fig. 9.7).
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Fig. 9.7: Steps involved in construction of genomic DNA library.

Cloning vectors for genomic DNA libraries:

Various vectors are available for cloning large DNA fragments. A phage, yeast
artificial chromosome (YAC), bacterial artificial chromosome (BAC) etc. are
considered as suitable vectors for larger DNA and A replacement vectors like
ADASH and EMBL3 are preferred for construction of genomic DNA library. T4
DNA ligase is used to ligate the selected DNA sequence into the vector.

(1) A replacement vectors:

The AEMBL series of vectors are widely used for genomic library construction.
The multiple cloning sites of these vectors flanking the stuffer fragment contain
opposed promoters for the T3 and T7 RNA polymerases. The restriction
digestion of the recombinant vector generates short fragments of insert DNA
left attached to these promoters. This generates RNA probes for the ends of
the DNA insert. These vectors can be made conveniently, directly from the

vector, without recourse to sub-cloning (Fig. 9.8).
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Fig. 9.8: Use of cloning vectors for genomic DNA libraries (Sau3A to Sau3Al).
(2) High-capacity vectors:

The high capacity cloning vectors used for the construction of genomic
libraries are cosmids, bacterial artificial chromosomes (BACs), P1-derived
artificial chromosomes (PACs) and yeast artificial chromosomes (YACs). They
are designed to handle longer DNA inserts, much larger than for A
replacement vectors. So they require lower number of recombinants to be
screened for identification of a particular gene of interest. The recombinant
vectors and insert combinations are grown in E. coli such that a single
bacterial colony or viral plague arises from the ligation of a single genomic
DNA fragment into the vector.

(3) Other types of Vectors used for cloning genomic libraries.

A phages up to 20-30 kb genome size, efficient packaging system,
replacement vectors usually employed, used to study individual genes.

Cosmids up to 40 kb contains cos site of A phage to allow packaging,
propagate in E. coli as plasmids, useful for sub-cloning of DNA inserts from
YAC, BAC, PAC etc.

Fosmids 35-45 kb contains F plasmid origin of replication and Acos site, low
copy number, stable.
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Bacterial Artificial Chromosomes (BAC) up to 300 kb based on F- plasmid,
relatively large and high capacity vectors.

P1 Artificial Chromosomes (PACs) up to 300 kb, derived from DNA of P1
bacteriophage, combines the features of P1 and BACs, used to clone larger
genes and in physical mapping, chromosome walking as well as shotgun
sequencing of complex genomes.

Yeast Artificial Chromosomes (YAC) up to 2000 kb, allows identification of
successful transformants (BAC clones are highly stable and highly efficient).

Advantages of genomic libraries:

Readily identification of a clone encoding a particular gene of interest. It is
useful for prokaryotic organisms having relatively small genomes. Genomic
libraries from eukaryotic organisms are very important to study the genome
sequence of a particular gene, including its regulatory sequences and its
pattern of introns and exons.

Disadvantages of genomic library:

Genome libraries from eukaryotes having very large genomes contain a lot of
DNA which does not code for proteins and also contain non-coding DNA such
as repetitive DNA and regulatory regions which makes them less than ideal.
Genomic library from a eukaryotic organism will not work if the screening
method requires the expression of a gene.

Applications of Genomic DNA Libraries:
1. To determine the complete genome sequence of a given organism.

2. To study and generate transgenic animals through genetic engineering,
serving as a source of genomic sequence.

3. To study the function of regulatory sequences in vitro.
4, To study the genetic mutations.

5. Used for genome mapping, sequencing and the assembly of clone
contigs.

6. Useful for Biodiversity r Germplasm conservation.

9.3.2 Construction of c-DNA (Complementary
DNA) Library

The cDNA library represents a collection of only those DNA fragments that
were transcribed into mRNA in the cell from which the mRNA was isolated

cDNA libraries can be prepared from selected populations of mMRNA
molecules. When the gene of interest is expressed at high levels, most cDNA
clones are likely to contain the gene sequence, so cDNAs can be selected
from these cells with minimal effort. However, various methods can be used to
enrich particular mRNAs before making the cDNA library from cells in which
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genes of interest are less abundantly transcribed. One example is the use of
antibody against the protein to precipitate selectively those polyribosomes to
which the mRNA coding for the protein is attached. The precipitate may enrich
the desired mMRNA by as much as 1000-fold. mRNA from the cells is isolated
by dissolving the cells in a solution that inactivates ribonucleases, and RNA is
then separated by caesium chloride density-gradient centrifugation. mMRNA
(contains poly-A tail) is separated from rRNA and tRNA by passing through
chromatographic column containing cellulose to which short polymer of
thymidine (oligodeoxythymidine [dT], or poly-dT) are covalently attached.
Because of the adenines at the 3' end of MRNA, mRNA hybridizes to oligo-dT
and is retained by the column, whereas the poly-A minus RNA (e.g., rRNA and
tRNA) passes through the column. The pure poly-A plus mRNA is eluted from
the column by washing it with water (Fig. 9.9). mRNA is now converted into
double-stranded DNA by means of a series of enzymatic reactions. A double-
stranded hybrid molecule containing one strand of RNA and one strand of
DNA is made with the help of Reverse Transcriptase. The RNA strand is then
converted into DNA by DNA polymerase, DNA ligase, and RNase H, resulting
in a cDNA molecule. The cDNA molecule is ligated into one of several cloning
vectors (e.g., phagemid, eukaryotic vector, A phage). Then DNA is introduced
into bacteria to create the cDNA library.

Messenger RNA Poly A tail
! 1" 1
| AAAAAAAAA Al
B
T T TTTT TT T T
| n—@ Glass or
Oligo dT magnetic bead

Fig. 9.9: Purifying mRNA by Oligo (dT).

In order to isolate only mRNA from a sample of eukaryotic tissue, the unique
features of the mMRNA molecule are used. Only mRNA has a polyA tail, a long
stretch of adenines following the coding sequence. The polyA tail of the mRNA
will bind by base pairing to an oligonucleotide consisting of a long stretch of
deoxy thymidine residues—oligo(dT). The oligo(dT) is attached to glass or
magnetic beads, which consequently bind mRNA specifically. Other RNAs will
not bind to the beads and can be washed from the column.

Making a cDNA Library from mRNA:

First, eukaryotic cells are lysed and the mRNA is purified. Next, reverse
transcriptase plus primers containing oligo (dT) stretches are added. The oligo
(dT) hybridizes to the adenine in the mMRNA polyA tail and acts as a primer for
reverse transcriptase, which synthesizes a DNA strand complementary to the
MRNA. DNA polymerase is added to synthesize the opposite DNA strand,
thus creating double-stranded cDNA. S1 nuclease trims off single-stranded
ends. Since each mRNA has a different sequence, linkers must be ligated to
the ends of the cDNA to allow convenient insertion into the cloning vector.
After addition, the linkers are digested with the appropriate restriction enzyme
and the cDNA is ligated into the vector. The resulting hybrid DNA molecules
are then transformed into bacteria, so giving the final cDNA library. In the case
of cDNA libraries we produce DNA copies of the RNA sequences (usually the
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MRNA) of an organism and clone them. It is called a cDNA library because the
entire DNA in this library is complementary to mRNA and are produced by the
reverse transcription of the latter (Fig. 9.10).

<@@ LYSE CELLS
) A Al
<g)@@ EXTRACT AND \ AAAA]

PURIFYmRNA ‘ A A A A‘

mMRNA mixture

Reverse transcriptase
using oligo (dT) primer

5| AAAAAA]|3 MRNACDNA
3 | T T T T T T]5 Heteroduplex
lRibonucIease H
3 T T T T T T |5 single-stranded
cDNA
1) DNA Polymerase |
2) S 1 Nuclease
5 | A AAA A A3 Doublestranded
3| T T T T T T]5 CDNA
/ Cut site

l Ligate linkers with cut site §

\ AAAAAA * : .
—] T TTTTCT ‘

l Ribonuclease H Cut site/(

\ AAAAAA
l T TTTTT

P
Ribonuclease H Sticky end
LIGATE INTO VECTOR
Fig. 9.10: Construction of cDNA library using mRNA.
Much of eukaryotic DNA consists of repetitive sequences that are not
transcribed into MRNA and the sequences are not represented in a cDNA
library. It must be noted that prokaryotes and lower eukaryotes do not contain

introns, and preparation of cDNA is generally unnecessary for these
organisms. Hence, cDNA libraries are produced only from higher eukaryotes.

Vectors used in the Construction of cDNA Library:

Both the bacterial and bacteriophage DNA are used as vectors in the
construction of cDNA library.

166 The steps involved in the construction of a cDNA library are as follows:
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1. Extraction of mMRNA from the eukaryotic Cell:

Firstly, the mRNA is obtained and purified from the rest of the RNAs. Several
methods exist for purifying RNA such as trizol extraction and column
purification. Column purification is done by using oligomeric dT nucleotide
coated resins where only the mRNA having the poly-A tail will bind. The rest of
the RNAs are eluted out. The mRNA is eluted by using eluting buffer and
some heat to separate the mRNA strands from oligo-dT.

2. Construction of cDNA from the Extracted mRNA:

There are different strategies for the construction of a cDNA. These are
discussed as follows:

(a) The RNase Method:

The principle of this method is that a complementary DNA strand is
synthesized using reverse transcriptase to make RNA:DNA duplex. The RNA
strand is then nicked and replaced by DNA. In this method the first step is to
anneal a chemically synthesized oligo-dT primer to the 3’ polyA-tail of the
RNA. The primer is typically 10-15 residues long, and it primes (by providing a
free 3' end) the synthesis of the first DNA strand in the presence of reverse
transcriptase and deoxy ribonucleotides. This leaves RNA: DNA duplex. The
next step is to replace the RNA strand with a DNA strand. This is done by
using RNase H enzyme which removes the RNA from RNA: DNA duplex. The
DNA strand thus left behind is then considered as the template and the
second DNA strand is synthesized by the action of DNA polymerase Il.

(b) The Self-Priming method:

This involves the use of an oligo-dT primer annealing at the poly adenylate tail
of the mRNA to prime first DNA strand synthesis against the mRNA. This
cDNA thus formed has the tendency to transiently fold back on itself, forming a
hairpin loop. This results in the self-priming of the second strand. After the
synthesis of the second DNA strand, this loop must be cleaved with a single-
strand-specific nuclease, e.g., Sl nuclease, to allow insertion into the cloning
vector. This method has a serious disadvantage. The cleavage with SI
nuclease results in the loss of a certain amount of sequence at the 5’ end of
the clone.

$AQ1

Choose the correct answer:

a) Which type of gene library contains all of the expressed genes of an
organism?

i) Genomic library

i) Chromosomal library
iii)  cDNA library

iv)  Plasmid library
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b)

d)

e)

f)

9)

h)

Which enzyme is crucial for creating a cDNA library?
i) DNA polymerase

ii) RNA polymerase

i)  Reverse transcriptase

iv)  Restriction endonuclease

The vectors commonly used in gene libraries are:

i) Plasmids and bacteriophages

i) Ribosomes and mitochondria

i) RNA and tRNA molecules

iv)  Proteins and enzymes

What is the main difference between a cDNA library and a genomic
library?

i) cDNA library contains only coding sequences of expressed genes,
while genomic library contains all DNA sequences

i) Genomic library contains only non-coding regions, while cDNA
library contains entire genes

i)  cDNA library is synthesized from proteins, while genomic library is
synthesized from RNA

iv)  There is no difference between the two libraries

What is the role of restriction enzymes in gene library construction?
i) Synthesizing Mrna

i) Cutting DNA into fragments

iii)  Joining DNA fragments

iv)  Replicating DNA

A genomic library can be screened to identify a specific gene using:
i) Antibodies

ii) DNA probes

i)  RNA polymerase

iv)  tRNA molecules

A (restriction / ligase) enzyme is used to cut the genomic
DNA into smaller fragments during library creation.

The most commonly used cloning vectors for constructing gene libraries
are .............. (plasmids / BACs) and bacteriophages.

A cDNA library is generated from .................. (rRNA / mRNA), which
represents the expressed genes of a cell.
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D (Tranfection / Transformation) is the process of introducing
recombinant DNA molecules into host cells, like bacteria.

K) In a cDNA library, only the ..................... (coding/ non-coding) regions
of the genome are represented, as they are derived from mRNA.

9.4 |IDENTIFICATION OF CLONE FROM
GENE LIBRARY

Once the genomic library has been created, it is screened to identify the
genes of interest. Screening gene libraries involves identifying and isolating
genes or genetic sequences of interest from a large collection of DNA or RNA
sequences (the library). There are several methods depending on the type of
gene library, the specific goals of the study, and the organism involved.

One of the most common library screening technique is called colony
hybridization. In the process of library construction, phage vectors are used
then the process of identification of genes of interest involved is the plaques
hybridization

9.4.1 Colony Hybridization

Colony Hybridization is the screening of library with a labeled probe
(radioactive, etc.) to identify a specific sequence of DNA, RNA, enzyme,
protein, or antibody (Fig. 9.11).

Replica plate onto
nitrocellulose dish placed
on agar in dish

Transformant colonies
growing on agar surface

—_— = —_——=
Nitrocellullose
disk removed Return master plate

Referencing set of colonies
(Note red colony has DNA
complementary to the probe)

Break open bacteria with
l NaOH, neutralize treat with
protease wash, bake at 80° C

to immobilize DNA on disk

Hybridize with
radioactive probe,
autoradiography

DNA print of colonies

X-ray film
Fig: 9.11: Steps involved in colony hybridization.
169



Block IlI

Gene Cloning

170

Colony hybridization is a method of selecting bacterial colonies with

desired genes through a straightforward cloning and transfer process. The
genes of interest have been added to a bacterial plasmid previously

through recombination, allowing genes from other organisms to be analyzed
within a bacterial colony. The overall process involves a transfer of genetic
material from one medium to another, typically using nitrocellulose filter paper,
with the intended goal of identifying and isolating a specific gene.
Radiographed RNA is used to find the desired sequence within the new
bacterial colony and essentially "light it up” so that the sequence can be
identified for transfer. The most common purpose of colony hybridization is to
verify that a certain DNA sequence was able to successfully enter into a new
cell, meaning that the cells being analyzed through this method are the result
of recombination between a specific piece of DNA and a bacterial

plasmid. This method was discovered by Michael Grunstein and David S.
Hogness.

Colony hybridization begins with a desire to extract a segment of DNA
containing a specific gene, such as a gene that conveys antibiotic resistance.
A specific piece of DNA is removed from its respective cell culture and
inserted into a bacterial plasmid via a process known as recombination. These
bacterial plasmids are cultured on a nutrient agar plate, leading to the
formation of bacterial colonies, some of which ideally continue to contain the
gene of interest. A nitrocellulose filter is then washed three times with distilled
water, placed in between absorbent sheets, and heated at high temperatures
to kill bacteria or other microorganism. This filter, which has a pore size of .45
pm, undergoes these processes to ensure that there is no contamination
during the transfer, thus allowing for accuracy in results. The bacterial colonies
are then symmetrically replicated onto the nitrocellulose filter by direct contact.
At this point, the cells on the filter membrane are lysed in order to open up the
plasmids for easier access and their DNA is denatured, which allows it to bind
to the filter. These DNA clusters are then hybridized to a desired radioactively-
labelled RNA or DNA probe and screened by autoradiography. The RNA (or
DNA) probe was selected specifically beforehand based on the DNA carrying
the desired gene, since the probe must contain the complementary strand that
will allow it to bind accurately to the correct genetic material. Through use of
the radioactive probe, the clusters that exhibit the desired gene are identified
to be used in further research. Frequently, they are then matched up to the
corresponding (living) bacterial colonies, which have not undergone the cell
lysis procedure, which may also be isolated for further growth and
experimentation.

9.4.2 Plaque Hybridization

The plagues are screened by a technique based on the hybridization of
oligonucleotide probe to target DNA. DNA is transferred directly from the petri
dish to the filter which is then incubated with labeled probes (Fig. 7.12).
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Fig: 9.12: Schematic representation of plaque hybridization.

Plague hybridization is a technique used in molecular biology for the
identification of recombinant phages. The procedure can also be used for the
detection of differentially represented repetitive DNA. The technique (similar
to colony hybridization) involves hybridizing isolated phage DNA to a label
probe for the gene of study. This is followed by autoradiography to detect the
position of the label. The plaque hybridization procedure has some
advantages over colony hybridization due to the smaller and well defined area
of the filter to which the DNA binds.

PCR Screening (for small to medium-sized libraries), Functional Screening
(for identifying genes responsible for specific functions or traits), Yeast Two-
Hybrid Screening (for protein-protein interaction libraries, for screening
proteins that interact with a specific target), FACS (Fluorescence-Activated
Cell Sorting) for Expression Libraries, CRISPR/Cas9 Screening (for
functional genomics, gene knockout studies) are also used for identifying
clones / screening of labraries. Each method offers different advantages
depending on the application and the nature of the gene library being studied.

9.4.3 Screening of Libraries Using Nucleic Acid
and Antibody Probes

Screening gene libraries using nucleic acid probes and antibody probes is a
powerful technique to identify specific genes or proteins within large
collections of sequences or expression products.

1. Screening with Nucleic Acid Probes

This method is typically used to identify specific DNA or RNA sequences
within a gene library. The process includes:

1. Creation of the Gene Library: First clone the DNA or cDNA fragments into
a vector (e.g., plasmids, phages) and introduce them into bacterial cells or
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other host systems. Then plate the transformed cells or phages on agar plates
to form individual colonies (for plasmids) or plaques (for phage libraries).

2. Replica Plating: Transfer the colonies or plaques onto a membrane filter
(usually nitrocellulose or nylon) placed over the agar plate. This creates a
replica of the plate on the membrane.Then lyse the bacteria or phages on the
membrane to release their DNA. Denature the DNA so it becomes single-
stranded and can hybridize with the probe.

3. Label the Probe: Design a nucleic acid probe that is complementary to the
sequence of the target gene. This probe can be DNA, RNA, or synthetic
oligonucleotides. Label the probe with a detectable marker (e.g., radioactive
isotopes like **P, fluorescent dyes, or enzyme-linked markers like biotin or
digoxigenin).

4. Hybridization: Incubate the membrane with the labeled probe under
conditions that allow the probe to hybridize with any complementary DNA
present on the membrane. Wash away excess, non-specifically bound probe.
Detect the hybridized probe using autoradiography (if radioactive) or
chemiluminescence/fluorescence (for non-radioactive probes). ldentify the
colonies or plaques where hybridization occurred, indicating the presence of
the gene of interest.

2. Screening with Antibody Probes

This method is used to identify proteins expressed from gene libraries,
typically when a functional protein or antigen is the target. The process
includes:

1. Creation of the Expression Library: Construct a cDNA expression library,
where each clone contains a cDNA insert capable of being transcribed and
translated into protein within the host (e.g., bacteria like E. coli). Plate the
transformed bacteria onto agar plates, allowing the individual clones to form
colonies.

2. Replica Plating: Similar to nucleic acid screening, transfer the colonies to a
membrane filter placed over the agar plate.

3. Protein Expression: Induce protein expression in the bacterial colonies
(often via IPTG induction if using an inducible system like the lac operon). The
protein products are transferred to the membrane, either through colony lysis
or direct protein secretion onto the filter.

4. Blocking and Incubation with Antibody Probe: Block non-specific sites
on the membrane using a protein-based solution (e.g., BSA or skim milk).
Incubate the membrane with a specific antibody that recognizes the protein of
interest. The antibody is typically linked to a detectable marker (e.g., enzymes
like horseradish peroxidase, alkaline phosphatase, or fluorescent labels).
Wash away excess unbound antibodies. Detect the bound antibodies using an
appropriate substrate (e.g., colorimetric, chemiluminescent, or fluorescent
detection depending on the antibody label).
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5. Identification: Colonies that react with the antibody indicate clones
expressing the protein of interest, allowing further isolation and
characterization.

Key differences between nucleic acid and antibody probes:

o Nucleic acid probes detect DNA or RNA sequences whereas antibody
probes detect proteins.

o Nucleic acid screening is more suited for identifying specific genes or
sequences based on homology whereas antibody screening is used for
detecting functional proteins, often in cases where the gene sequence is
unknown, but the protein product or its function is known.

$4Q2

Choose the correct answer:

a) The gene library is prepared by fragmenting the
....................... (genomic DNA / cDNA) and inserting these fragments
9] (0 B (vectors / bacterial cells).

b)  The recombinant DNA is introduced into bacterial or yeast host cells,
which grow and replicate, forming a collection of different
........................... (clones / genes).

c) Toidentify the clone carrying the gene of interest, specific
..................... (screening / probing) methods are employed. A common
technique is using labeled .................. (probes / PCR products) that
bind to complementary sequences in the clone.

d)  The probe, often made from DNA / RNA, is designed to be
complementary to a sequence withinthe .................... (target gene /
plasmid).

e) Hybridization technigues such as colony or Southern blot hybridization
allow for the detection of the clone that contains the ....................
(target gene / vector).

f) Once a clone is identified, its insert is verified by techniques like PCR or
sequencing, to confirm the presence ofthe ..................... (gene
fragment / antigen).

9.5 SUBSTRACTIVE LIBRARIES

A subtractive library refers to a collection of DNA, RNA, or cDNA sequences
that have been selectively enriched for specific sequences by removing
unwanted or non-relevant sequences. This process is used in molecular
biology and genetics to compare two different populations of nucleic acids and
identify genes or transcripts that are differentially expressed or unique to one
population. a subtractive library allows scientists to focus on the differences

between two populations of nucleic acids, which is useful for studying 173
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differential gene expression or identifying specific genes related to certain
biological processes or diseases.

Let us see how it works:

1. Creation of cDNA libraries: First, two cDNA libraries are created,
typically from two different tissues, cells, or conditions (e.g., healthy vs.
diseased cells).

2. Hybridization: The cDNA from one library (e.g., the healthy cell
library) is hybridized with excess RNA or DNA from the other library
(e.g., the diseased cell library). Sequences common to both are
allowed to bind to each other.

3. Removal of common sequences: The hybridized (double-stranded)
sequences are then removed, leaving behind the unbound (single-
stranded) sequences. These represent genes or transcripts that are
differentially expressed or unique to one of the samples (e.g., those
expressed only in diseased cells).

4. Amplification and analysis: The remaining sequences are then
amplified and analyzed to identify the differentially expressed genes.

Substractive libraries find applications in:

e Gene discovery: Identifying genes that are uniquely expressed in a
certain tissue, developmental stage, or disease state.

o Differential expression analysis: Comparing gene expression
profiles between different conditions (e.g., treated vs. untreated cells).

o Identifying biomarkers: Detecting potential molecular markers for
diseases or specific conditions.

$4Q3

Choose the correct answer:

a) What is the main purpose of creating a subtractive gene library?
i) To amplify the entire genome of an organism
i)  To identify differences in gene expression between two samples
iii) To create a library containing all expressed genes
iv)  To sequence the entire genome of a species

b)  In subtractive hybridization, which type of sequences are removed from
the library?

i) Sequences common to both samples
i) Sequences unique to one sample
iii) Highly repetitive sequences

iv) Non-coding regions of DNA
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c)  Subtractive libraries are primarily used to study:

i) Gene expression differences between two conditions
i) Mutations in a single gene

ii) Protein-DNA interactions

iv) DNA replication efficiency

d)  Which type of genes are retained in a subtractive cDNA library?

i) Genes that are equally expressed in both samples
i) Genes uniquely expressed or overexpressed in one sample
iif) All genes from both samples

iv) Housekeeping genes only

9.6 EXPRESSION BASED STRATEGIES
FOR CLONING FUNCTIONAL GENES

Expression-based strategies for cloning functional genes focus on identifying
and isolating genes based on their activity (i.e., expression) in particular
tissues, developmental stages, or conditions. Unlike traditional approaches
like positional cloning, these methods rely on gene expression to pinpoint
functionally active genes. The the key strategies are:

1. cDNA Library Screening

Objective is to identify genes actively transcribed in specific tissues or under
specific conditions. Advantage of this is this targets genes directly involved in
a specific phenotype, reducing noise from non-expressed genes.

2. Differential Gene Expression Analysis

Objective is to compare gene expression patterns between different conditions
(e.g., diseased vs. healthy tissues) to identify differentially expressed genes.
This can be done by:

a) Subtractive Hybridization: Subtracts common mRNA sequences
between two samples to focus on differentially expressed genes.

b) Differential Display: PCR-based method to amplify and compare gene
expression between samples.

c) RNA Sequencing (RNA-Seq): Modern high-throughput sequencing to
quantitatively compare expression profiles.

As a result genes showing significant differential expression are prioritized for
cloning and further functional studies.

3. Expression Cloning (Functional Complementation) 175
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When objective is to identify and clone genes based on their ability to restore
or complement a lost function in a model system. This can be done by using
mutant cell line or organism (a model deficient in a particular function,e.g.,
metabolic enzyme) and then introducing a cDNA library from normal cells
into the mutant system. Then clones that rescue the lost function are
identified, indicating that the inserted cDNA encodes the gene responsible for
the function. This technique has been used to identify genes involved in
signaling pathways, metabolic disorders, and immune functions.

4. Reporter Gene Assays

Helps identify transcription factors and regulatory proteins controlling gene
expression.Process involves cloning of regulatory genes based on their ability
to control expression of a reporter gene. Then fusion of the promoter region of
a gene of interest to a reporter gene (e.g., luciferase, GFP). Then cDNA from
tissues or cells where the gene is active is cloned and clones that activate the
reporter gene are screened.

Apar from these methods there are many other methods too. Microarray-
based Gene Cloning is used to identify functional genes by monitoring the
expression of thousands of genes simultaneously. SAGE (Serial Analysis of
Gene Expression) is used to quantitatively compare gene expression levels
to identify novel genes. SAGE provides a comprehensive, quantitative profile
of gene expression, making it easier to identify functional genes. Tissue-
specific or Condition-specific Expression Cloning is used to isolate genes
specifically expressed in a particular tissue or under certain physiological
conditions.This is commonly used to identify genes involved in developmental
processes, disease states, or environmental responses.

Expression-based strategies use the presence or level of gene expression as
a criterion for identifying functionally important genes. Methods include
traditional cDNA library screening, modern RNA-Seq, differential expression
techniques, and functional assays (expression cloning). These strategies are
often more efficient in identifying genes with specific roles compared to purely
positional approaches, as they focus on gene activity directly.

9.6.1 Differential mMRNA Display

Differential mRNA display is a technique used to compare gene expression
profiles between different cell types, tissues, or conditions to identify
differentially expressed genes. It is a PCR-based method that allows
researchers to detect variations in mMRNA expression levels between samples,
which can help in identifying genes involved in specific biological processes
such as development, disease, or environmental responses. This is also one
of the screening strategies. Now a days differential mMRNA display has largely
been replaced by more advanced technologies like microarrays and RNA-Seq,
which provide higher resolution, better quantification, and can profile the entire
transcriptome in a single experiment. However, mRNA display remains a
foundational technigue for gene expression analysis.

Differential mRNA display may be based on two concepts:
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Differential Expression: This refers to the difference in the levels of
gene expression (i.e., mMRNA abundance) between two or more samples
(e.g., healthy vs. diseased tissue).

MRNA Display: It involves isolating and visualizing the mRNA
molecules from different samples to compare their expression patterns.

This stategy finds applications in:

Gene Discovery: Differential mRNA display is often used to discover
novel genes that are specifically upregulated or downregulated in
response to particular conditions, such as disease, stress, or
developmental stages.

Disease Research: It can help identify genes involved in diseases like
cancer by comparing gene expression between normal and cancerous
tissues.

Developmental Biology: Used to study changes in gene expression
during different stages of development.

Response to Environmental Stress: Can reveal how organisms adjust
gene expression in response to factors like temperature, toxins, or
infection.

§AQ4

Answer in one sentence:

a)

b)

d)

e)

f)

9)

What is the main goal of expression-based cloning strategies?

What is the significance of using a reporter gene in expression-based
cloning?

How does complementation screening help in identifying functional
genes?

What role does a cDNA library play in expression-based gene cloning?

How is a gene of interest isolated using functional complementation in
mutant cells?

Which method is employed to detect protein expression from cloned
genes?

How are genes involved in a specific biochemical pathway identified
through expression-based strategies?
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9.7 SUMMARY

A gene library (also called a DNA library) is a collection of DNA
fragments that represent the genetic material of an organism. Gene or
DNA libraries are collections of cloned genes that are big enough to
contain at least one copy of every gene from a particular organism.

cDNA Library is made from complementary DNA (cDNA) synthesized
from messenger RNA (mRNA). It only contains the genes that are
actively expressed in a particular cell or tissue at the time of collection,
so it represents only the coding regions of the genome (without introns).

Construction of a genomic DNA library involves isolation, purification and
fragmentation of genomic DNA followed by cloning of the fragmented
DNA using suitable vectors.

Because the size of genomic DNA fragments tends to be relatively large
(more than 10,000 bases), phage or cosmid vectors (more often phage
vectors) are used to generate genomic DNA clones.

A genomic DNA library can also be prepared in cosmid vectors provided
that the size of the partially digested DNA fragments is adjusted to
approximately 40 to 45 kb.

Screening gene libraries involves identifying and isolating genes or
genetic sequences of interest from a large collection of DNA or RNA
sequences (the library). There are several methods depending on the
type of gene library, the specific goals of the study, and the organism
involved.

Colony Hybridization is the screening of library with a labeled probe
(radioactive, etc.) to identify a specific sequence of DNA, RNA, enzyme,
protein, or antibody.

Plague hybridization is a technique used in molecular biology for the
identification of recombinant phages. The procedure can also be used
for the detection of differentially represented repetitive DNA.

A subtractive library refers to a collection of DNA, RNA, or cDNA
sequences that have been selectively enriched for specific sequences
by removing unwanted or non-relevant sequences.

Expression-based strategies for cloning functional genes focus on
identifying and isolating genes based on their activity (i.e., expression) in
particular tissues, developmental stages, or conditions.

Differential mRNA display is a technique used to compare gene
expression profiles between different cell types, tissues, or conditions to
identify differentially expressed genes.
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9.8 TERMINAL QUESTIONS

1.

2.

10.

11.

12.

13.

14.

What are gene or DNA libraries? How is a genomic library constructed?
Define and explain linkers and adapters.
What are cDNA libraries? Why are they only prepared for eukaryotes?

How does the construction of a cDNA library differ from a genomic
library? Discuss the steps involved in cDNA library construction.

What are the advantages of using a cDNA library over a genomic
library?

How can sequencing be used to confirm the identity of a clone from a
gene library?

What are the key factors to consider when choosing a vector for gene
library construction?

Write any two strategy about identification of desired gene or clone from
library?

How is a gene of interest identified in a gene library?
How does colony hybridization work in the context of identifying clones?

What role do probes play in the identification of clones from a gene
library?

What methods can be used to screen a gene library for a specific clone?

What is differential mRNA display, and what is its primary purpose in
molecular biology?

How can differential mMRNA display be applied in disease research or
developmental biology?

9.9 ANSWERS

Self Assessment Questions

1.

a) i) cDNA library
b) iii) Reverse transcriptase
c) ) Plasmids and bacteriophages

d i) cDNA library contains only coding sequences of expressed
genes, while genomic library contains all DNA sequences

e) i) Cutting DNA into fragments

f) i) DNA probes
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9)

h)

)

Restriction
Plasmids

MRNA
Transformation
Coding

Genomic DNA, vectors
Clones
Screening, probes
Target gene
Target gene
Gene fragment

i) To identify differences in gene expression between two
samples

i) Sequences common to both samples

i) Gene expression differences between two conditions

ii) Genes uniquely expressed or overexpressed in one sample

To isolate and clone functional genes based on their expression in
a host system.

Reporter genes help track gene expression and identify successful
gene cloning.

It restores a lost or mutated function in mutant host cells by
introducing a functional gene.

A cDNA library provides a collection of expressed genes that can
be screened for functional activity.

By introducing a gene library into mutant cells, the gene that
restores the missing function is identified.

Techniques such as Western blotting or enzyme assays are used
to detect protein expression.

By introducing a gene library into a deficient cell line and selecting
clones that restore the specific pathway function.
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Terminal Questions

1.

10.

11.

12.

13.

14.

A genomic DNA library is a collection of DNA fragments within self-
replicating vectors representing the entire genome of the individual from
which the DNA was made. A genomic DNA library is an organism-
specific collection of DNA, covering the entire genome of an organism.
Genomic DNA libraries can be retained for many years and propagated
so that copies can be sent from one research group to another. Refer
sec. 9.2 and 9.3.1.

Linkers are short stretches of double stranded DNA of length 8-14 bp
that have recognition site for restriction enzymes. Linkers are ligated to
blunt end DNA by ligase enzyme. The linker ligation is more efficient as
compared to blunt-end ligation of larger molecules. The ligated DNA can
be digested with appropriate restriction enzyme generating cohesive
ends required for cloning in a vector. Refer sec. 9.3.1.

The cDNA library represents a collection of only those DNA fragments
that were transcribed into mRNA in the cell from which the mRNA was
isolated. Much of eukaryotic DNA consists of repetitive sequences that
are not transcribed into mRNA and the sequences are not represented
in a cDNA library. It must be noted that prokaryotes and lower
eukaryotes do not contain introns, and preparation of cDNA is generally
unnecessary for these organisms. Hence, cDNA libraries are produced
only from higher eukaryotes. Refer sec. 9.2 and 9.3.2.

Refer sec. 9.3.1 and 9.3.2.
Refer sec. 9.3.2.

Sequencing can confirm the identity of a clone from a gene library by
comparing the sequenced DNA fragment to the reference sequence of
the gene or region of interest. Refer sec. 9.3.2.

Various vectors are available for cloning large DNA fragments. A phage,
yeast artificial chromosome (YAC), bacterial artificial chromosome (BAC)
etc. are considered as suitable vectors for larger DNA and A replacement
vectors like ADASH and EMBL3 are preferred for construction of
genomic DNA library. Refer sec. 9.3.2.

Refer sec. 9.4.

Refer sec. 9.4.

Refer sec. 9.4.1

Refer sec. 9.4.2.

Refer sec. 9.4.3 (Functional, FACS, CRISPR etc).
Refer sec. 9.6.1

Refer sec. 9.6.1
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