Futuristic Trends in Biotechnology
e-ISBN: 978-93-6252-180-4
IIP Series, Volume 3, Book 6, Part 7, Chapter 1
RECOMBINT DNA TECHNOLOGY

RECOMBINANT DNA TECHNOLOGY

Abstract Authors

The process of examining oDr.Ramesh.D
merging segments of DNA from one oAssistant Professor
more organisms is known as recombinabDepartment of Veterinary Physiology and
DNA technology. This involves insertingBiochemistry
the desired rDNA into a target cell'¥eterinary College Hassan
genome or introducing it into a host cell f(KVAFSU, Karnataka, India.
replication. Together with advances idrrameshd@gmail.com
animal biotechnology, recombinant DNA
techniques have revolutionized thBr. KumaraWodeyar D. S
agricultural industry. With the use of rDNAAssistant Professor
technology, genes can be controlled to ledbepartment of Veterinary Physiology and
new tasks and be translated into interestBtbchemistry
plant and animal cells. As part of rDNA/eterinary College Gadag
technology, the target gene or DNAVAFSU, Karnataka, India.
fragment is isolated from the organism,
ligated into an appropriate cloning vectoDr. Ananth Krishna. L. R
and then the recombinant vector i8ssociate Professor and Head
introduced into the proliferating host celldDepartment of Veterinary Physiology and
Finally, the cloned gene or DNA fragmerBiochemistry
is isolated and characterized. The foddeterinary College Gadag
business, agriculture, environment, medicdVAFSU, Karnataka, India.
research, and both plant and animal
biotechnology are among the majddr. Yathish.H. M
application areas of rDNA technologyAssistant Professor
Every rDNA project must adhere to th®epartment of Animal Genetics and
strict regulations and criteria established Breeding
the nation's many regulatory bodies. Théeterinary College Bengaluru
ethical concerns around genetiKVAFSU, Karnataka, India.
information, human genome editing, and
genetically engineered species persidt. Anil Gattani

despite safety concerns. Associate Professor
Department of Veterinary Biochemistry
Keywords: Isolation, Genomic DNA. College of Veterinary Science and Animal

Husbandry, Jabalpur, India.

Copyright © 2024 Authors Page | 209



Futuristic Trends in Biotechnology
e-ISBN: 978-93-6252-180-4
IIP Series, Volume 3, Book 6, Part 7, Chapter 1
RECOMBINT DNA TECHNOLOGY

L earning Objectives

1. Comprehend the significance of recombinant DNA tedbgy.

2. Gain knowledge of isolation of DNA from cells and partition on agarose gel.

3. Understand restriction enzyme digestion and ligaseymes and their application in
rDNA Technology.

Appreciate the different vectors and its functiorgene cloning as well as expression.
Safety concern of rDNA Technology

Applications of rDNA Technology

o gk

Abbreviations Used

SINo | Abbreviations used Expansion

1 DNA Deoxy ribonucleic acids

2 dsDNA Double stranded Deoxy ribonucleic acids

3 gDNA Genomic DNA

4 rDNA Recombinant DNA

5 E. coli Escherichia coli

6 PCR Polymerase Chain Reaction

7 GMOs Genetically modified organisms

8 YACs Yeast Artificial Chromosomes

9 BACs Bacterial Artificial Chromosomes
|. PREFACE

Recombinant DNA technologies have effected in $tewards in crop along with
animal biotechnology. The rDNA technology approacfiem our ability to learn and change
gene functions through controlling genes and tans$ them into the interested cells of
plant and animals. There are a number of tools @kaular biology are utilized including,
DNA isolation and analysis, molecular cloning, det@ation of gene copy number,
guantification of genetic material expression, sfarmation into the appropriate host
intended for replication or transfer into crop amgestigation of transgenic organisms etc.

II. DEFINITION OF R-DNA TECHNOLOGY AND BRIEF HISTORY
Recombinant DNA technology engages proceduresnfaestigating or combining
DNA pieces from one or many organism sources, dholy the introduction of the rDNA of

interest into a host cell for duplication, or intagpon into the genome of the target cell
(Figure 1).
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Gene

Recombinant

Plasmid DNA DNA

Figure 1. Recombinant DNA is Completed from Combining tHe¢Afrom Two or More
Diverse Sources [1]

Milestone in the molecular biology started in #ely 1970s comprises of successful
creation and transferring of DNA molecules into ket cells of interest has uprising in both
science and several industries. The original GMf@sbacteria that are synthesize the simple
pharmaceutical proteins of interest, like insuBecause of the improvement in the
technologies day by day, the other higher organilékasplants develop into acquiescent for
enhancement by rDNA technology.

Table 1:Major Milestones of Development in the Application of rDNA Technology

Sl No | Major Resear ch Findings of rDNA Technology Year of
Recognition

1. | Mendd’s experimentations 1866
2. | Discovery of DNA in cell 1869
3. | Finding Mutation in genes by x-rays studies 1927
4. | One gene- responsible for one enzyme concept 1941
5. | DNA is recognized as the genetic material 1944
6. | Structure of double stranded DNA resolved 1953
7. | Ribosomes are protein synthesizing machineries 5419
8. | Function of mMRNA elucidated 1961
9. | Genetic code is established 1961-64
10. Isolation and identification of restriction enzgm 1970
11.| Recombinant DNA techniques generated Early 1970s
12. Segregation of a single replica of gene from highéryote 1977
13.| DNA sequencing method developed 1977
14, Genetic transformation of Plant cell 1983
15, Testing of transformed plants in Field 1986
16.| Engineered plants Release to general public itv®& 1995-96

Transformation of cells with rDNA generates newaisms known as bioengineered
or genetically modified organisms (GMOs). The GM@sssess new traits from a new
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organism, the first GMOs generated was Escherimiiiacells that were transformed with the
genes from higher eukaryotes to produce pharmaa¢ioteins for various purposes.

[11.ISOLATION OF GENOMIC DNA, RESTRICTION ENZYME DIGESTIONS AND
ITS SEPARATION OF DNA FRAGMENTS ON AN AGAROSE GEL
ELECTROPHORESIS

1 Isolation of gDNA: Isolating the pure DNA is the prime criteria in rBNechnology,
the practical difficulty is that plant cell and aral cells generate several other substances
that regularly act as contaminants and further neayrain the cloning or sequencing of
the DNA. Moreover, tissues as well as organs frobe same plant or animals, and
different plants or animals commonly contain a efyriof metabolites or biomolecules
like, proteins, lipids, and carbohydrates etc. Ehesntaminants necessity be segregated
from the gDNA during isolation procedures. To attthis, scientists utilize the various
physicochemical characteristics of different biolecales within the cell. For example,
the negatively charged gDNA is, facilitating itsisluble in aqueous solution. On the other
hand, the hydrophillc sugar phosphate groups ofDNA are repelled by non-polar
solutions. Further in the last step in many DNAlason protocols entails precipitation
using 70% Ethanol. Other contaminants like, pra&&an also be simply segregated from
gDNA by changing the various concentration of satbrporated in the extraction buffer
or elution buffer (Figure.2).

Cell Harvest Cell Lysis Protein Removal ~ DNA Binding Wash DNA Elution

vV V.V V

Figure 2: Graphical Representation of Procedure for the Gen@mNA Isolation

=

2 Restriction Enzyme Digestion of gDNA using Restriction Endonuclease Enzymes:
Restriction endonucleases are collection of enzydegsred (mainly) from bacterial or
prokaryotic origion. Even though there are diveragegories of restriction enzymes are
available commercially, which are most useful IDNA technology would functions by
recognize the specific short sequences (4-6bg)argDNA and cleave the dsDNA at site
of recognition to produce either cohesive (stiakyblunt-ended fragments as depicted
(Figure 3).
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Figure 3: Restriction Enzymes Digestion on Gdna. (A) Subjerthe Gdna wittamai
Restriction Enzyme Results in Blunt Ends FragmeBsDigestion of Gdna witBamhi
Creates Cohesive” or “Sticky” Ends Fragments [1]

Additionally, there are more than 500 differenttrieson enzymes that might be
bought commercially. So, one might question: Hoggtrently does a restriction enzyme
cut a DNA sequence? It is difficult to give an aeta response to this query. Let's
assume that each DNA strand includes 4 bases, thdims suggests that there is a 1/4
chance of finding an A (adenine) at a specific. ditae to the fact that most restriction
enzymes only recognize sequences that are 6 baisgsthe likelihood of discovering
such a site is (1/4)6 = 1 site in every 4,096 h@ses (bp). Assuming you want to digest
isolated maize genomic DNA using a restriction eneythat generates cuts every 4,096
(4,100) bp, what number of fragments will you gétili must be aware of the size of the
genome of the plant or animal you are working witlorder to respond to this question.
For instance, the genome of maize is over 2,5000000base pairs (bp) in size. As a
result, one would anticipate obtaining 2,500,000,0p/4,100 bp, or roughly 610 000
fragments, when using a restriction enzyme thas ewery 4,100 nucleotides. Keep in
mind that the distribution of nucleotides is notcessarily random; therefore the
frequency may vary depending on the DNA. Additibpaimethylation of certain
nucleotides in DNA from the genome can stop cleaatg particular place.

3. Separation of Genomic DNA on Agarose Gel: The size and genomic sequence of DNA
fragments are the only physical characteristics d@na frequently utilized to characterize
them. DNA The most practical way to determine molacweight is by electrophoresis
in gels made of agarose. When cooling from the inggktate, agarose formed hydrogen
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bonds that caused it to solidify into gel. The nmoeat of DNA across this gel's intricate
web of agarose chains is hampered. Agarose coatientichanges the size of the pores,
which in turn impacts how quickly DNA fragmentsaparticular size migrate. A sample
is placed through wells on one end of the gel, Wwhscthen immersed in an electrolyte
solution. Current is then applied to help DNA fragpts travel around the gel (Figure.4)..
Since DNA has a negative charge, it will move in @actrical field. According to
separation, fragments to scale. Every time, theratimn's distance is inversely
proportionate to 1/log of the molecular weight loé tDNA fragments. DNA can be seen
after the electrophoresis procedure by stainind \lie dye ethidium bromide or any
another DNA stain.
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Figure 4: Protein or Nucleic Acid Molecules are Separatedoiding to Size using Gel
Electrophoresis. In the Case of DNA, an Electrieldris Applied to the Sample, Causing
DNA that is Negatively Charged to Move Toward tlesitve Electrode. The Size of the
DNA Segment Influences the Rate of Migration. THéAMolecules can be Separated More
Easily When a Semisolid Matrix, Such as AgarosBayacrylamide Gel, is used. [2]

Table 2: Recombinant DNA Technology Enzymes [4]

S| | Major Group of Enzyme(S) Specific Function of the Enzymes

1 | Type I restriction dsDNA can be cut at certain nucleotide
endonucleases sequences.
Polynucleotide kinase Adds a phosphate compoundpgto a linea

duplex's 5' OH ends.
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2 | DNA polymerase | (E. coli) Fills gaps between DNAplexes by adding

nucleotides sequentially to the 3" ends
DNA ligase Fuses two molecules of DNA or fragments

together.

3 | Reverse transcriptase Makes an RNA molecule's Dby

4 | Bacteriophagé exonuclease Exposes single-stranded 3' ends throug
eliminating nucleotides from a duplex’s 5' ends.

5 | Terminal transferase Adds homopolymer ends toinaat double
stranded duplex's DNA 3'-OH ends.

6 | Exonuclease Il Removes residues of nucleotides) fa double
strand DNA 3’ends.

7 | Alkaline phosphatase Eliminating terminal phospbdrom the 5', 3j,
or both ends of the chain.

4. PCR, or Polymerase Chain Reaction: A single DNA fragment can be synthesized in a
test tube in millions of copies over the coursedéw hours using the polymerase chain
reaction (PCR). A gene is made up of regulatoryuseges, sequences that code, and
non-coding sequences at the genomic level. Oncgehetic makeup of a particular gene
has been identified, it is possible to extract tpete using PCR from any DNA sample.
Therefore, the strategy would be to start with DNlAhe objective is to utilize PCR to
separate both regulating and non-regulatory se@seofca gene.

To make it easier to clone PCR fragments when ganescloned with PCR,
restriction enzyme sites are added to the printémshds. Approximately 6 nucleotides
were inserted at the-Bnd of the restriction sites are designed to miakasier for PCR
products to be digested by restriction enzymesrbdieing cloned into a plasmid vector.
Alternately, since the PCR product produced by B®R reactions employing Taq
polymerase has A overhangs, PCR products can betlglicloned into a T-A cloning
vectors with no restriction digestions witHi coli. The fragment is first cloned into E.
coli, sequenced, and finally sub-cloned into appede vectors for expression
investigations. DNA synthesis via PCR is not anodlisly perfect process, like many
other biochemical processes, and occasionally ynmhse enzyme will add a wrong
base to the lengthening DNA strand. The proces®ofreading” occurs during the
replication of DNA in a living organism, where ersoare fixed by a distinct DNA
polymerase. DNA polymerases those are availabl@dochase could have or could not
have the ability to proofread. However, if the protdof the PCR procedure is employed
for the Expression analysis, we must employ a haglity DNA polymerase, such as Pfu
or vent polymerase, in order to ensure proof readirthe PCR procedures.

5. Contamination isa Crucial Factor in PCR Analysis. Even slight contamination of the
raw material can have negative effects. Remembar RCR allows for the massive
amplification of very little amounts of initial DNAIt will be impossible to tell the
difference between lines if one mistakenly combif@§¥A from multiple sources.
Guarantees that the right protocols are followedengetting up PCR experiments in this
regard. The byproducts of earlier amplification qggdures are a typical source of
contamination in plant biology. Even a tiny drophstwell as aerosol leaving a pipette tip
will include a huge number of amplifiable moleculdace a successful PCR reaction
would produce millions of identical copies of anfipli fragments. Running negative
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controls is always necessary since they will shdvetiver contaminated DNA was us
in your PCR tests.

6. Using mRNA as the Precursor for rDNA Technology: The process of transcriptio
which produces RNA from DNA. An essential stagethe expression of genes
transcription. Reverse transcription is a technitinz¢ allows the generated mRNA to
extracted and "copied" back to DNA (Figure 5). Reeetranscription's initial stac
mimics a tactic utilized by retroviruses with RNA&mpnes. Reverse transcriptase, &
known as RNAdependent DNA polymerases, is a ¢-transmission component found
retroviruses. The retrovirus utilizes an enzymdedateverse transcriptase to converi
singlestranded RNA genome onto a sir-strandedof complementary DNA (cDNA
after infecting a host cell. The second DNA straadthen created by the revel
transcriptase from the first strand of cDNA to ¢eea doubl-stranded copy of the DN
that can be integrated into the host genome. Isglahe genetic material using cDN#
would be considered the preferred method if only tloding sequence of a gene \
needed. It is crucial that cDNAs are created fr@msues that express the target gene.
result, it's crucial to determine the gene's fional environment before creating 1
cDNA molecules needed to clone the desired ¢

Similar to chromosomal DNA, the in vitro generatdNAs (Figure 5) can b
employed for PCR analysis. A useful technique fanea cloning and mRN.
qguantification is theRT-PCR method, which combines reverse transcriptiod
polymerase chain reacti

mRNA 5’ AAAAAR
TTTTT

First strand Reverse transcriptase  oligo(dT) primer
cDNA synthesis | + dNTPs

mRNA & AAAAAE
cDNA 3 e e o

Nicks in RNA Nicking |RNase H
strand

N
B e e

TTTTT

Second strand | DNA polymerase
cDNA synthesis | +dNTPs, DNA ligase

Double- AAAAA
stranded
cDNA TTUTUTU

Figure 5: To start the process of reverse transcription diADrom mRNA templates witl
dNTPs, a population of mMRNA extracted from eitheimaal or plant tissues is synthesiz
with oligo(dT) primers which anneal to the poly(#il of the mRNAs. Hybrid molecule
(mMRNA-DNA) are the end outcome. After being exposed toABN H, the mRNA i
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degraded, leaving the first strand of the si-stranded DNA intact. By incorporatit
complementary dNTPs into the expanding chain, DId/ymerase creates the second str:
The RT reagents often come in |-mixed kits, making it simple to perform such anagssn
a regular basis in most laboratories. The majositynRNAs from the tissues that we
examined are transformed to cDNAs. Therefore, el#-stranded cDNA can be replted
by PCR for multiple reasons, such as gene expmesBioutilizing primers appropriate to
sequence cloning. [1]

IV.DEFINITION AND PREREQUISITESFOR CLONING VECTORS

A cloning vector comprises a unique DNA sequeneg flas the ability to enterliving
cell, impart a selected property on the cell insfiom (for example, resistance to cert
antibiotics), and have the ability to replicateeifs A vector additionally needs to poss
easily discernible physical characteristics, likeseze oishape, to enable for contamina-
free purification away from the genome of the romst

1 Typesof Cloning Vectors: A plasmid (Figure 6) is an illustration of a clogimector anc
is described as a construct that autonomously srgéng additionalchromosomal
circular DNA that is faithfully transmitted to offeang. Circular doubl-stranded DNA
plasmids range in size anywhere from one kb to R®O0The best plasmid sizes i
cloning are between 2 and 10 kb since they arelsmig work with and frquently yield
more copies whenever cultivated into bacterial loe#is

"
& &

o T (R
O ol S |

Plasmid Vector

Figure 6: PlasmidVector's Basic MafA Couple of theRestriction Enzyme Sites Found
theMCS are lllustrated here as Examples. [1]

Usually, plasmids can hold a maximum of than 1@kBNA. A vector known a
bacteriophage lambda is utilized to efficientlyra@ohuge DNA segments. When insel
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onto a lambda phage vector, substantial chromos@N& segments larger than 23 kb
are stable.

» Bacterial Artificial Chromosomes (BACs): Simple plasmids created for the cloning
of extremely lengthy DNA segments (100,000 to 300,bp) are what make up
bacterial artificial chromosomes. They typicallyntain highly stable origins of
replication (ori), which keep the genome of thespial at just one or two copies per
cell, as well as selectable markers like immunitgaiast the antibiotic
chloramphenicol (CmR). The BAC vector is used tmel DNA segments with a few
hundred thousand base pairs. The huge circular DN#e subsequently
electroporated into the host bacteria. These appssa make advantage of host
bacteria that have cell wall modifications that mak possible for the big DNA
molecules to be taken up [4].

* Yeast Artificial Chromosomes (YACs): There are many other hosts for genetic
modification besides E. coli bacteria. For this kyoyeasts are a particularly useful
eukaryotic creature. The field of yeast genetiagisally well established as that of E.
coli. Saccharomyces cerevisiae, the most widelyl y@ast, has a genome of about
14x106 bp, which is a small genome by eukaryowmaards and is less than four
times the measurement of the chromosome in E. It®liull sequence is also known.
In the laboratory, yeast is also incredibly simmeproduce and maintain on a big
scale. Yeast-specific plasmid vectors were creatdg the same guidelines as the
application of E. coli vectors mentioned above.

Now that there are simple ways to transfer DNAweein the inside and
outside of yeast cells, many different topics can dtudied in the biology of
eukaryotic cells. Some recombinant plasmids contaimerous replication sources
and other components that enable them to be entplaydifferent species (like yeast
or E. coli, for example). Shuttle vectors are plasnthat can multiply in cells from
two or more distinct species. The creation of yeasificial chromosomes was
prompted by the emergence of huge genomes ana@shéing requirement for high-
capacity cloning vectors.A yeast origin of replioat two or more selectable markers,
and specialized sequences required for stability @ppropriate segregation of the
chromosomes upon cell division are all componeht6ALC vectors that are required
to preserve the eukaryotic chromosome in the yaskhucleus [4].

V. LIGATION TRANSFORMATION AND RDNA SCREENING

Recombinant DNA is created by cutting and connegctiector and fragmented DNA
from various sources. Remember that DNA ligaseseduto link dsDNA molecules together
after restriction endonucleases (table-2) havenéursliced the DNA. Restrictions fragments
are joined together by the enzyme known as DNAskghy creating fresh phosphodiester
linkages. The altered host cell can now be usegpbcate and express the DNA fragment
and ligated vector. E. coli changes over a peribdime in several stages. A selectable
marker, typically encoding for antibiotic resistangs first added to a plasmid that already
has a gene of interest. Second, the ligated plaBiNil fragments (rDNA molecule) and the
bacteria themselves are briefly exposed to botd @loC) and heat (37-42 oC) in order to
transform the plasmid construct encoding the gémat@rest into bacterial cells.
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The transformed cells are then grc on selection media containing a selec
antibiotic (KAN-Kanamycin) in the following phase. Only the celatt have undergor
transformation with the plasmids containing theideisgene and the marker for antibic
resistance (KAN<anamycin) will endre. Plasmid vector systems with the lacZ ¢
expressing galactosidase make it simpler to choose positivenoes that might contain tt
target rDNA molecule, in addition to utilizing antdiotic. This method is shown in Figu
7.
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Figure 7: Blue-white screening in its common form as seen in asetic. Cloning
gene placed into a plasmid vector that containbiatit resistance and a LacZ reporter g
allows for the bluewhite screening of colonies of bacteria. The Lagheyis rendere
inactive by ligating an insert into the vector'smarous cloning sites.lue and white colonie
are created when competent E. coli is transformigtdl tive ligated mixtures in culture mec
while X-gal is present. [3].

VI.APPLICATIONS OF rDNA TECHNOLOGY

Today, rDNA plays a significant role for countlgsastients as well as in questions
how to provide sufficient food supply in developingpuntries like India and fc
environmental related issues.Major Application ared rDNA technology includes Foc
industry, Agriculture, Environmental use, MedicinesBarch, Both in Animal and pla
Biotechnology etc. Some of the examples

Insulin production with recombinant DNA technol
Recombinant DNA fothe synthesis of human growth hormone
Recombinanvaccination

Recombinant DNA and gene treatm:

Enzyme production with recombinant DNA technol
Recombinant DNA technology for protein product

SukhwdE
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VII.SAFETY CONCERN OF RDNA TECHNOLOGY

Considering the safety of recombinant DNA, rDNAdaorotein molecules are not
observed as dangerous. The apprehensions remaih falaoorganisms that express rDNA,
particularly when they outside the laboratory in@iconditions and are introduced into the
environment or food chain. The safety issues casepantibiotic resistance and adverse
immune reactions, in addition to the health setoludes the potential of gene pollution of
the environment but also deleterious health effedtdoods from genetically modified
organisms. On the other hand, to make sure thdegtedegree of safety possible, all rDNA
work needs to be accommodating with high standamid guidelines set out by the
respective regulatory institutions of the countdespite safety issues, there is the ethical
issue of genetically modified organisms, human gemediting as well as around genetic
information in common.

VIIl. THE FUTURE PROSPECTSIN RDNA TECHNOLOGY

Recombinant DNA technology has been increasingjgificant in recent years for
treating many plant diseases, particularly virakterial, and fungal resistance, as well as for
generating innovative gene therapy and vaccinapooducts. The worldwide rDNA
technology business is expected to increase average annual rate of 7.7% to a value of
$223 billion by 2028, having one of the key drivémsing the increasing prevalence of
chronic diseases.

IX. LESSON SUMMARY

The progress of agricultural biotechnology hasefieed greatly from recombinant
DNA technology. Genetically modified organisms,eoftknown as bioengineered creatures,
are created when cells are transformed with rDNAchhologies enabling plant rDNA
technology include Agrobacterium as a vector taomhice foreign DNA into plants,
restriction enzymes, ligation enzymes, microbiatepways to separate and multiply nucleic
acids, and methods to quantify nucleic acids.
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