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Hiotechnology 15 a multidisciplinary fi=ld of bology which deals
with the apphcation of biological phenomenon by using living

aorpanisms, cells and bio-maolecules for the wellare of human beings.

The basic aim of bistechnology 15 the improvement of human heslth,
agriculture and environment. The history of bistechnology starts

when farmers tned to mmprose thelr crop vields and develop better
breeds of animal by cross-breeding techrsguies. The modern

biotechnology develops recombination DNA technology to get the
same result without any fallure or chances of failure. The
recoimbinant DINA s developed by using different technigues and this

sub-branch of blotechnology iz called Genetic engineering which

deals wiath the manrpulation in materal of an organism to get desired
results,

26.1 CLONING OF GENES
Cenie cloming 158 a techmigue that mmvalves the ooeation of

multiple copies, of a specific DMNA fragment, when &
gene 15 entilied and cloned it can be wased [or various purposes e.g.

gene therapy, penstic enginesenng and production of different
pharmaceutical proeducts. There are two possible ways of gene

cloning (a] Recombinant DNA technology [b) Polymerass chain
reaction.

Recombinant DNA Technology: [n this techndque a seres of
procedures mvolve to joim DNA segments taken different sources. It

involves following steps:

1] [cientifecation and isolatbion of pene of Interest,

i) [nsertion of gene of interest INto vector
Hij Intraducton ol recombmant DNA mto Host cell.

i Selection and i=solation of Transformed o=l
v] Expressing of recombinant gene (protein synthesisj.

Z26.1.1. Techniques of Geneé Cloning by Reéecombinant DNA
technology.

As we have discussed that recombinant DNA technology 12 a
techmigque used to manmipulate and modify DNA by combaming DNA
taken from different sources. This combination develops a new DMNA
malecule which was not found 1n nature before. This new form of
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DNA s Called recombanant DMNA (rDNA). When thes DMNA insert 1n an

organism 1If it expresses, 1t transforms the bving organism .8,
pUC1Y9 18 a recombinant gene i insert in E. ool bacteria it

transforms ampcilhin sustible bactena mto ampecillin resistant
bacteria. Thiz technoloey of pene clondng requires following

technigques:

1] Identification and Isolation of gene of interest:

The gene of interest 15 the part of segment of RXNA which s to
be cloned. The gene of interest s dentified from genome of an
organism by using radioactve small mgment of DNA called probe.

When it i3 Klentified it 12 directly clesved from & Chromosomal LINA
by using parbicular DINA scissors Called restriction endonucléeases

(Enzyme]. This ensures, that the gene of interest in obtained and
regdy for furthers manipulation.

i} Insertion of gene of interest Into wector |(Joining of gene of
interest)

The gene of interest 15 higated (joined) o another DNA entity
called eloning vector. The cloming vector 8 usually a plasmsed e, &

small DNA molecule found as extra chromosomal DNA found in
bacteria or sometimes yeast. The combination of the gene and the
clommng vector form a new recombmant DNA molecule,

i) Intresduction of Recombinant DNA into Host cell
The recombinant DNA molecules s transferred into host cells.
Thig process 12 called transformation and Ut invalves incorporating

the recombinant DNA into host cell's genome. [t can be perlormed by

putting host cell and recombinant DMNA into same medium, the host
are trealed wilth calainm ahloride wihnch make ther membrane more

permenble for recombinant DNA, After this process, host oell
reproduces into medium which produce clone of host cell and each
new cell contain at least one recombinant Plasmid, In thas say clone

of recombinant genes are produced.

iw) Selection and Isolation of transformed cell;

The host cells which successfully take up the recombinant
DINA [with gene of mterest] are identibed and selected. This selection
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1% acheeved by the use of speciic marker present n cloning vector.

The markers develop resistance i host oell towards cerfain
antibiotics or develop coolours which make difference between
transtormedd and non-transformeod oell.

v] Expressing of recombinant géne (Protein Synthesis)

The recombinant pene, within the host cell 15 transcnbed and
translated n-vitre under sultable condition. As a result, production
of specilic protein occurs which is encoded by cloned recombinant

DA, This protein can b harther purnfied and ased for vernons
applications in research medicine or industries.

Fig. 5.1 Recombinant DNA technaolopy
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206.1.2 Role of restriction endonucleases and IIE_;n.s_l:'-: In gene

cloning

some enzymes play important role in gene cloning, They play
crucial role of DNA fmmgmentation and pasting of maments during
development of recombinant DNA.

ja] Restriction Endonuclease and its role

They are also called restriction enzyme, They are commonly
known wms (DNA) molecular scissors because they break the
phosphodiester bond at specihc seguence of notrogenous base (o cul

the DA at site called restriction site.

Maturally these enzymes are synthesized by bacteria as defense
protein 0 cut the DNA of mmvader. In this way, they restncet the
activity ol pathosenic DNA therefore called restrietion enzyme.

These ensymes cleave bath
strands of DNA malecule al
orf near the recognition

site. These sites usually
have palindromic

seguences. A pahndromod
sequence 15 a four to eighi
base-pairs in DNA in which
nucleotxdes are arranged
symmetrically in  reverse
order. Restriclion enzyme
usually make sticky ends
some of these enzymes ape
alan make blunt end. The
sticky emd jolns  with
plasmid by base pairing.
Some examples of
restriction enzymes are A-

Hindili, EcolR 1 etc.
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Fig.26.% Rextriction enzvymiae (EcaR 1)
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[b) DNA Ligase and its role {Molecular Glue|d

Another enzyme use in developing recombinant DINA 13 DINA
Ligase, which catalyze the lormation of phasphodiester bond betweern

adjacent nucleotides of DINA. These enzvmes join the nucleotides of
genie of interest with nmoclestides of vector at stickv ends to form

raNA,

PLASNMIT

Fig.26.3 DNA ligase
25.1.3. Selection and [solation of Gene of Intorost

There are different methods used to select gene of Interest.
Usually, a gene hbrary or DNA hbrary 15 constructed where @
comprehensive collection of cloned DNA fragments taken from cell,
fissues or organism are present, The penes of interest are also

identified by DNA probes. DNA probes are complementary fragments
of know umgue sequences comprising the pene of interest, The

probez are radioactively labeled. Once the probes are added the
Hybrdze or attach onky to the gene of interest and thas help 1n

identification of the desired fragment of DNA.
After identification the mgment of DNA 15 cut by restrniction

enzyme. These fragments are isclated by pel electrophoresis
technwques or they are clone of by PCE method. The isolated gene can

be cloned into vector and need for various applications

26.1.4. Role of Vector in Recombinant DNA Technology

Vectors are DNA molecules used to transport the gene of
interest into host cells. In host cell gene interest can be rephicated
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and expressed. Usually small extra chromosomal DNA of bacteria i.e.
plasmid used as Vectors, Vector must possess follovang characters:

1) It should a DNA molecule has orgin of replication site.

it] It have antibantic resastant pene,

i It has restriction sites of different enzymes

Some of examples of vectors are, Plasmid, Lambda [A) phage DNA,
veast artithoaal Chromosome, Cosmied ([t 15 & combination of Plasmid

and Phape DNA| etc,
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Fig.26.% Plapmiidl and Lamhda phage [XINA

26.1.5 Stepe for integration of DNA [gene of interest] inseért into
vector:

The integration of gene of interest inte vector Invwolves several
ollovenng steps:
1 gtep:

The vector and gemne of interest are digested by same restriction
enzymes o create sticky ends,
25 gtep;

The digested fragments are purified to isolate the desired size
fragments,
3™ step:

The purified vector and DNA insert are lgated together through
lhase.
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Gtk glep:
The Lgated DNA 13 introduced inte hest coslls through

transformatbion using méethods hke eleciropboresis,  chemical

transformation or heat shock method, The selected clones can be
scaled up and wused for various applcations, including protein
expression therapy or genetic modification,

The technigues applied for the selection of vector

The techniques which applhied for selection of vector are based
on the presence of suitable markers. The markers a may be penetic
elements like antibiotic resistance gene or gens which produce
different colours in host or e 12
fluorescent protein genes -E":-
identify and select only gy b _
those host cells that have TS
suceesshully up the vector :
with gene of Interest. ] s I D

-
(a] Antiblotic resistance: e A : -y
Ampt gene 15 the gene af d
present in plasmid the host -
can grow on a medium e 8
contatming Ampacillin, b ¥

(b] Coloudr producing gene:

Lac* genme contain vector if
preszent in plasmid the host
bivcternna can hydrmolyze X-
CGial [a modified sugar) and

produce bBlue oolour 1n
bactenia which shows the
PIESETIOE of wvector. When
FETe 1% inserted, the
bacteria will not produce

Blue colour, Fig.26. 5 Belection of clones

(] Flusrescent protein: Another approach is use of Gene florescent
protein [GFP). The vector contains FPG wiath pene of interest, when

v 4 d
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vector with pene of interest 15 taken up by host cell the FPG also
express and produce fluorescence which can be observed under
flucrescence MICroBCOPE.

By incorporating  selectable markers into vectors
biotechnologists can identfy and propagate the host successiully.

26.1, 7 Gene Amplification throoph Polymerase Chain Reaction
IPCR]:
As we have discussed earfier that there are two methods of

gene cloming. Une this method 15 Polymerase Chain Reaction (PUE].
I 15 a techmigue used for amphbang (clommng) a speciiic DNA

fragment or gene into milllons of copies. It takes place in vitro in
specific conditions and 1n the presence of enzymes, Following are the
steps 10 pene replication through PCR:

Denaturation: The first step in PCE 15

denatunng where the, double stranded
DMA  template 18 heated 0 high

temperature. Le. 94-98°C to separate
the tao strands.

Primor Annealing: The temperature is

then lowersd abruptly up to S0-63 BC,
The primer, a short DNA which 15

complementary 1o the ends of the target

sequence are added. The primer
anneals o the template DEA, 1§ provides a starting point for DNA

synthesis.

Fig.26.6 PCR MachEne

Extension or polymerization: A heat stable DNA I.-:-I}'mn-_.r:lsn:
enzyne e.g., Tag polymerase, 18 added, along with a supply of
nucleotides. The temperature 18 raised up to 729C b which iz the

aptimal temperature for DNA pelymerase to extend the pnmer and
synthesize a new complementary strand of DNA.

Repeat Cyele: The above steps are repeated for multple ome 1.2,
Z2o=40 cycles mpch bime the amount of DNA become double, The et
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number of cycles” depends in the length of the target sequence, and
the amount of starting template DNA.

PCE has revolutionized Beld of biclogy and medicine, allowing
the amphiication amd analysis of DNA segquences fmm vanety of

sources e.g., Clinical samples, fossils and environmental samples.

Table. 26,1 Applications of polymerase chaim reaction [PCR)

Application Description

FCR 18 used for the diagnosis of genetic discases,
inchuding cancer, HIV, and penetc disosders. N

amplifies specilic sequences of DNA, allowing the

detection of discase-causing mutations cven at very
o conrentratnns,

[t 1= wused n forensic analysis to amphfy small
amounls of DNA [rom ortowe scenes or evidenos

Medical
Diagnosis

- :
: ; ﬁ": gamples. Amplified DMA can then be analyzed to
ikentify suspects, match DNA prohles, and establish .
the presence or absence of specilic genelic markers. o
o ivomus [t 15 used to detect and quantily microorganisms in : ;.."‘
atal environmental samples. It i3 used to monitor water
Monitort quality, dentify pathogens in ford, and detect the _
e presence ol harmiul bacteria and virsses. L

[n penetic research, PCR amplifes DA sequences {or
Crenetic further anabysis. [t generates DNA fragments that can

Research be cloned, sequenced, and used for & wide range of
mnlecular hlogy techmgues.

[t ¢compares DNA samples rom a child and &
Paternity potential father Lo -:51&I:-l|:.s=}_1_|:|.arerm|:;-.'_ 'nl.:I:IZ|E'i ik
Testing mccuracy. [ts  high sensitivity, specificity, and
versatility make it a powerful toal lor DNA analysis

and diagnostics

a%.1.8 Genome Library
A penome hbrary 15 a collection of DNA Irapment repressnbing
an organism’s entire genome. These DNA frapments of an ofganism

are cloned in different bacteria or bacteriophage, 80 we can also say
that the penorme hbrary 15 a collection of hactera or bactenophage
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clone, which contan DNA of a penome of an arganism, The

Fragments of penome of an
organism are inserted into

veCtiors,
These all becteria ane
cfllected and labelled and storad

in a feezer below -0, The
whole segquences of these DNA

fragments and their products anes
alao known. Following are the
steps for creating genomes hbrany,

il Extract amnd purify
chromasomal DNA of AT
OrgANISm

i) Dhigest the genome with
restriction enzyme to create DINA

fragments.
i Imsert DNA fragment into

specific vectors, which creates &
larpe poft of recombinant

malecubes,

iv] These rDNAE are taken by pewe oo s v
host bactenia which transiorm
them, it creates a DNA Hbrary. Fig 26.6 Genomio Library

26.2 DHNA SEQUENCING

As we Enow that DNA 52 made up of 4 tvpes of
deoxyribonucleotides, Each fragment by DNA [(pene] has specific

sequences of their four nucleotides. To determine the exact
gequences of these nucleobides called DNA sequencing.

The DNA =zequencing process involves break down of B large
DNA moleculs nto small [fragments and then reading of s
nitropenoas base arrangement by different method, which giees
sequences of letters A, G, C, T. These sequences can be analyzed and
pomparéed o other DNA sequences, to understand dillerent penestic

makeup of an organism, disorders and develop treatments
There are several methods of DNA sequencing, each have its
own advantages, disadwantagze and bmitabons, Some ocommon

-.-_
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methods mnclude Sanger seguencing method, next generabwon

sequencing  automated sequencing method, Maxam - Gilbert
procedure,

26.2.1. ja] Maxam-Gilbert method

[t 15 a DNA Sequencing method develops 1o early 19705 by
Allan Maxam and Walter Gilbert. It is also known as the chemical
cleavape methaod. In this method Chemicals are used o cleave the
DNA at specthe nucleotide. It involves following four major steps:

i) DNA fragmentation: The Genome DNA Is fragmented into epecific
Eize using chenncals and ey mes.

i) End Labeling: These fragments are now labelled at one end with a
radicactive or luorescent marker 1o akd in detection.

i} Chemical cleavage: The labelled fragments are then subjected to
apecific chemical treatments that cleave the DNA at specific -

naclestide residue, producing fragments of varving length. :-._.‘_
;E i le
Lu - " g "
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Fig.A50. 7 Mazam-Lrifbert Method
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iv) Electrophoresis: Finally, the fragments separated by size, using

gel electrophoresiz and the seguence can be read, based on the
position of cleavage site.

This method has the sdvantage of able o segquence [DNA
fragiments up to about 500 bases in leagth. The disadvantapge of this

method in that 1t requires toxic chemicals, ttme to consume and
labour ntensive.

26.4. 11| Singer-Coulson Method
Another sarly developed method of pene sequencing 15 called Sinper

Coulson methed or dideoxy Chain-termination methed. [t i3 more

reliabile, =llicent and wadely used method of pene seguencing 1n late

1950z and early 1980z, In thiz method a modified nucleotide, are
called dideoxy nucleotides |dd NTPs). These modihed nucieotides do

not contain 3-hydoxyl group, which 12 required for DNA elongation.
Then dd NTPs are mcorporated minto growang DNA chams by DNA

polvmerass, which result chain termination. In this way, & serics of

-  DNA frapments of different length are generated. These fragments are
-~ separated by  Gel-electrophoresis and  the sequence can  be
determined by reading the band pattern from the gel. By this method

longer fregments up to several thousand bases 1n length can be

r sequenced. a5 Bl e el
& A
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Fig.26.80 Singer-Coulson Method
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26.2,2 Gel Electrophoresis and its Principle;
As we have discussed in X1-Biology that the electrophoresis 15
a technigque to separate different sized charged frmgments of polymers
(Protein, DNA and ENA) under the influence of electnc current in an
electric cell. In gel Electrophoresis these molecules move from the
tiny pores of semi=sohd pel medmm of agarose and polvacrylamaices,
The polbymers of different sized are loaded into the well of developed
in gei material this pel 15 placed 1 an electnic cell which 15 hlled wath
an electrolytic solubion.
When electne currens
applied, the different
sizedd DNA  fragment
begins  to move oD
opposite electrode, (In
the case of DMNA, they
mave toward 4ve poale
through, pores of gel.

E v its

-#"_.-‘__

e rr

After somelimes  the - -
cliffererni A kaals E »
malecuies are ml_-r.l:_!ml:-:-:rl o : r

in the shape of bands in 2 =

the gel. Fig 26.% Elsctroplioress ¥
Principle of Gel slectrophoresis

The separation of DNA [ragment by gel electropharesis in based
onn the size charges and destance traveled by fragment of DMNA
maolecules, I s proportional to its length, so the smaller fragment
moves [aster through pel matnx than larger lragments. The
movement also depends upon charges, number of strands, shapes of
molecubes and concentration al gel per size.

Visualization of fragments: Aller completion ol electrophoresis, the
DNA Iragments are visualhzed by staining the gel with flusrescent
dyve, such as ethidium bromide or SYBR Green. The DNA [ragmeants
appear as bands or Smears under UV light, with the smallest
fragments closest o the bottom of the gel,

& . &
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26.2.3 The automated DNA seqoencing based on the Sanger
Conlsaon

Automated DNA seguenicing highly eflicient method of DNA

sequencing based on the Sanger-Coulson methoed, The key features
of automated DNA sequencing ane:

] Finorescently labelled dideoxy nocleatide (ddNTP):
The fluorescent labellesd ddTHNPs are used instead ol radsactive

ddTHPs, Each of the four ddTNP's are labelled with a distinct colour
Muorophore, allowing for the simultanesus sequencing of all fowr
nucleatides.

1] Capillary electrophoresis:
In sutomated methed capiliary electrophoresis 8 used nstead

of Gel electrophoresia. The DNA fragments are separated in at thin
capillary fllked wath a polymer matrix. The capallary 15 placed 1 an

instrument that applles an electric current for DNA fragment
separabwon and magratson. As the Aagment pass through a laser

beam, the florescent labels are excited, producing a signal which 1s
detected by a detector.

The data generated |8 analyzed by computer software by
converiing signads mito a sequence of nucleotides, Biainformatics

tools are software applications as computational method used to
store analyze and interpret biological automated DNA sequencing has

several advantages over tradittonal methods. It 15 faster, performing
gequencing of thousands of bases per day. It also reguires accurate
than manual method. [t also requires less starting materal and

suitable for application.

5.3 DNA ANALYSIS

A get of technigues used o study DNA structure, function and
properfies. [t 15 essential in genetics, forensics, medicine and
biotechnolopy. Technlgues, like DNA seguencing, PCRE o and gel

Electrophoresis enable the detection o 2 genetic mubation,

identification of disorders analvsis of gene expression and exploration
of evolutionary history. U is also used o diagnoszis of diseases

developing drugs, enhancing agrnculiure yield and sobnng cnmes.
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6.3.1 Purpose and mechanism of DNA analysis

On DNA Analysis It 18 found that each individual has a apecific
percentage of DNA which does not code for protein but repeated

frequently on the penome of that individaal, Thess repetitive umits
vary in length from organism to organism of the same species each of

such repetitive units are 20-40 base pair lung. These variable and

umgue lengths of non=-functional DNA are passed on to the offernng
along with the compliment of gene in a4 Mendelian fashion. The

differences in DNA electrophoresia pattern among individuals are

called, Restriction fragment length Polymorphisms (RFLPs
pronounced as Bifl Laps), 1t 15 also called DNA finger print.

[t 8 used to settle down the disputes over parentage
relationship identification of individual dunng accidents. [t 13 also
used to identify cnminals from hlood, semen, sabiva and haor follicle
ete. left at the scene of crime. It has also spectacular potentlal for
medicine, for mstance 1n the parental disgnosis of individual
disorders.

Mechanism of DNA analysis:

Numbers of techmiques are used for analysizs, Restriction
Fragment Length polvmmorphism [EFLPY is one of the first method

used In DNA analysis. Following are the steps t0 make a DNA finger
prints by using thiz method:

1] Collection of DNA sample: A small fraction of DNA sample s
collection from blood salive, semen or hair follicle. It can amplify to
get clones by PCR,

i) Digestion and separation of RFLP: The collected DNA sample s
digested by specihc restnction enzymes 1t produces different sized
DNA fragments. This mixture of DNA 18 separated by electrophoresis.

ili} Denaturation of fragments: The electrophoresed _|3_;|:I_ 1% 'pl.;l_-;nnl_'.]
mio an alkaline solutwan [NaQH) to denature the dsDNA. The

denmaturation improves binding of the megatively charped DNA o

positively charged membrane and separating it inte ssDINA for later
hybrndmatbion to the probe,

» 4
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iv) Blotting: In this step transier af DNA at nitrocellulose: membrane

porform. A shest of mitrocellulose membrane placed on the top of
alkaline gel. The =sDNA bind with membrane by on exchanpe
mnteraction becauss the DNA 15 negatively charge wheeh the

membranes 8 <vely changed., The membrane is then baked in &
vacuum or regular oven al 80 for 2 hours for permanent

attachment of ssDNA with membrane,
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Fig. 26.10 DNA analysis

CY FMropey geplpciian

Labelling of RFLPs: The membrane 12 then expose to radiosctive
praobe o hyboidise the denatursd s<DNA Iragments o all bands. The
radioactve DNA can be ohserved by autoradiogmaphy.

Autoradiography: Aflter hybrdization membrane 15 washed o

remove excess amount of probe, the patterm of hybndization In
observed by exposing the membrane on X-ray film. It iz called

auntoradiography.
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26,4, Genome Mag:
Total DNA present on the chromosomes of Eukaryotic call

called Genome. Each Chromosome carry speciflc genes at specific
postten of chromposome the posstson of gene at chromosome of gene

at chromosome called gene locl, In diploid cel]l these genes are
presgent in two sets which in haploid cells these are found in one set.

It requires to know that a specific chromosome have penes of what of
type of characters and what are thelr position at that Chromasome Lo
find out the nature and position of penes at parhcular chromosome

called Genome Mapping.

26,4, 1 Genome Analysis
To make the Genome map the biologist perform analvsis of the

DNA of each chromnosome by thess techniques discussed earher. The
branch of bistechnology which deals with genome analysis s called
penomics. This branch ocovers the analysas of complete [DNA

sequence of organism’s genome.

Genome Map

Oenorme map s just ke the road map and street map of a city
which puide us to reach at specihc locktion, It s used to search a
apecific gene at specific chromesome. There are two types of maps.
() Genvetic Maps (b)) Physacal maps. Genetic map shows the sequence

of gene chromosomes while physical map shows the sequence of
nucleotides i the DNA.

CGenetic Markers: DNA Seguences or Varnations used to dentify or
distinguush mdnadual populaton or traats called Genetwe markers hike

FFLPs. These markers are used in penome analysis to map genes,
ilentily disease causing mutations biodiversity and evolution.

Zb.4.2 The history of the human génome projedct,
The Human OCenome Project (HGP) was an  mternational

scientific research project that almed to sequence and maps the
ertire hiuman penome. The pooject was inibiated e 1990 by the USs

National Institutes of Health [NIH] and the Department of Energy
(DOE), with the participation of many international collabarators.
James Watson, a prominent molecular beplogist and one of the co=-
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discoverars of the structure of DNA, was appomted as the bOrst

director of the HGP in 1990, Watson was known for his pioneering
work in molecular bislogy, amd hizs leadership and wvision were
instrumental m the project's success, The project was completed n
2003, ahead of schedule and under budget, and ite results were
publishwed 1n several landmark papers 1n the jpurmals Nature and

L [ AL

26.4.3 Goals of the homan genome project

The Human Genome Project (HOPY was a sclentific research
mmitiative amed at mapping and sequencing the entire human
genome, which is the complete set of genetic instructiona that
determmines the raats and fundctons of an individuaal.

The pnmary goal of the HGP was to determine the complete
sequence of the human genome, including all the penes, non-coding
reginns, and repetitive sequences. The HGFPF aimed to identify and

annotate the function and location of all the genes and other
lunctional elements in the human penome, ncluding regulatory

regions, splice sites, and other features. It aimed to identify new
pEried and penellc vanahons associated with bhuman diseases, lraals
and drug responses, using approaches ke linkage analysis,
association stuadies, and flunctional genomics.

Ethical, legal, and social implications: The HGF recognized the
need o address the ethical, legal and social implications of the

genomic information and technolomes penerated by the project, and
established programs o study and address these lssues. However,
the completion of the HGP Luad the foundabion for new discoveries

and applications in personalized medicine, gene therapy, and other
areas of health and notechnology.

40.4.4 Benelits of the human Fgéenome project.
[t revealed that humans have 23 pairs of chromosomes and

showed us where genes and other lmportant parte of the genome are
ocated, The HGP alsa ound differsnces n the struactuce of the

genomes, like deletions and duplications that can affect our health. By
ientilyving all the estimated 20,0600-25.000 genées i thée human
grnome, rescarchers can study how these penes work and thear role

-.-
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i dhseases, They have also discoversed pgenetic vanabions hnked to

diseases like cancer, diabetes, and heart disease, which helps
develap beller wavs 1o diagnaose and treal these condibions,

26.9 TISSUE CULTURE

Tissue culture Ivolves the 1solation of cells or tissues fmm a
lfving organiam, providing them with the necessary nutrients, growth
factors, and conchitions to suppart their growth and proliferaton,

26.5.1 Basic Terminology

Term Definition
amall peeces of plant bssue {leaves, stems, rool=s and
Explants flowers) taken from & parcnt plant used to inltaie a

cultur= af cell=s or tissues 1 vk,

Ma=zs of unorganzed and undiferentiated cells that

ariae rom the cxplant cualivire i virrg. [t can be used
Callus g% A =aurce of ¢ells for furtheEr assus  cultuares

experiments or [or inducing somatic embryogeness. ‘.

Twsue  culture  techmigque  Involving rapid . 5.."‘
multiplication of plants by producing multipde Shoots
Mo don  Or plantlets frem A single explant. Widely used for r
Siin s high-guality planting matenals and mulbpbeation of ~
rare atid endangersd plant species F

Small, fully developed plants produced In vitro
through micropropagation or somatic embryogenes:s.

reRea They can be ranslerred o soll and grown immla matare
plancS
Tessue culture technogue mvolang the indwction af
L P emibryo lormation mom Sofmatc cells in vitre. It Gan

CENDrvOEE e ais produce many genetbcally dentical plant embrvos and
: regenerate whole plants.

Genetic variation thas arises from the culture of plant
cells or hssues 1in vitro. IF can result fmm mutatons,

Chidmdsomal aberratidns, ~SpiEenetic changes, of
ather factors affecting the genetie stabitity of culiured

celis. [1 can have posibive or negative effects on plant
phenotype and can be utilized In developing new plant
variehies.

Somia Clional
vanaktion
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A6.53.2 Tissue culture, organ culture and cell oulture:

Tissue culture 15 a technigque used to grow and maintain cells,
tlsgues, or organsg in vitre, outzide the organism. It involves the
aseptic culture of plant or ammal cells, tissues, or organs 1 nutrent

meeclia  under controlled conditions of temperature, heht, and

humsidity.
Takle. 26.2 Comparison between (rgun Calture apd Cell Culiure
Features Organ Culture Cell Cultare
T In vitro culture of whole In vitro culture of
[eEinirtaomn _ :
OTEANS O Issues 1solated cells
Tvpes shoe, explant, Monolayer, suspension,
suspension culture spheroid culture
Complexity hlore L'-:l::|:|.|'.|l-|-.'1-:. lncludes Legs complex, single
multiple cell types cell type
R .
: uires specialized
e Matntenance g i Easy to maintalin
malntenancs
3 Mutrieni Mlay requine more Mutrient supply can be
. supply complex nutrient supply controlled precisely
Experimental Mimice physiclogical Allows for morne precise
LiBE conditions experimentation

Tizsue enginecring, drug  Vaccine development,
Applications  development, oxicology  cancer research, gene
testing expression studies

265 3 The callos culture and suspension culture technigues:

Both techniques have different applications in research and
commercial production of plant-based products. Callus culture and

suspension culture are tao common techniques wsed in plant tizsue
culture. The main dillerences between the two technsgues are as
Ford Lowwrss,
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Table. 6.3 Comparison between Callus culinse and Saspension Calticre

Callus culture Suspension culture

Callus culture
involves the prowth suspension culture mynlves
Cell of undifferentiated  the growth of indiiidual cells
orpanization mass of cells, which suspendesd n ligusd meds.
are disorganized and
heterogenesus
[t requires a solid

Culture medivm, such as
conditns agar, for the cells to

grow and proliferate
produces a compact  Produces single cells that can

[t requires a liquid medivm
that allows for the foee

movement of the oells,

mass of cells that be used for recombinant
_ can b mduced to prodemns, manoclonal
it by differentiate into antibodies, or other
specialized Lsgues bislogically active molecules.
Or CTRRNS o
EASy Lo mamiain, as - ]
the cells can B sub- It requires more attention, as o
cultured by simply  the cells need to be regularly -
Maintenance: transfernng a smmall sub-cultured to prevent -
piece of the callus to clumping and o0 maintain F
a new culture optimal growth conditions.
mediiam.

2658 4 The anther culture, ovary culture, meristem cultore and
embryo culture tochnigues;

Anther culture, ovary culture, fméeristem culture, and embogo

culture are all technigues used in plant tissue culture o produce
new plants with desirable traits.

Anther cultare: Anther culture is 8 plant tissue culture techmigue
that involves the culture of anthers (male reproductive organa) In a
nutnient medium to induce their development into haplod plants,

The technique is widely used in plant breeding programs o produce
hapload plants, which ¢an bée used o develop homaosygous hnes
through chromosome doubling, The prooess invaolves the removal of

& L)
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anthers from the lowers of a donor plang, BEowed by thear
placement on a nutrlent medium contalning plant growth regulators
guch as auxing and cytokinins. The anthers are then allowed to grow
and develop into haplowd plants, which can be further propagated
and used for breeding purpases. The anther culture technigue 12
particublarly uscful for the rapid preduction of homozvpous lines,

which can be used to develop new crop vaneties with desired traits
such as disease resistance, tmproved yeeldd, and guality

Ovary culture: Owary culture involves the culture of Immeatuns
ovuules on a mutnent medium such as oytokinins and auxins, The

cells in the ovary can be induced to divide and differentiate into
embrvos, which can be used to preduce new plants, Ovary culture 1

used to produce haploid and diplmd plants, depending on the
method used.

Meristem cultore: Menstem culture 152 8 plant tssue culture
technigque that involves the izolation amd culture of shoot agical

meriatems, which are regions of actively dividing cells located at the
tips of plant shoots, The technigque 15 used to produce disease-fres

plants from nfected or diseased plant material, as the shoot apical
meriatem 18 often free of viruses, bacteria, and other pathopens.

Embryo culture: Embryo culture mvalves the culture of embirnqs,
which can b¢ obtained from seeds or by inducing the formation of
embrvos I tissue culture, Embryo culture 13 used w0 produce
gernetically wdentical plants, as embryos can be divided to produce
multiple plantlets with the same genetlc makeup.

Esch technegue has its own advantages and limitations and
can be used for different apphoations, such as the production of
haploid plants, disease-free plants, and genetically identical plants.

26.5,5 Technigques, Applications, and limitations of animal
tissoe culture:
Animal tissue culture involves the growth of animal cells in

vitre under controlled conditions. This technigue has & wide range of
applicatinns 1 basic and apphed research, drog  discovery,

-.-_
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Diotechnology, and regenerative medicine, Here are some of the
commonly uzed techniques:

Primary cell calture;
Primary cell culture involves the isclation of cells directly from
animal tigsuecs and thelr growth in vitrno. This technigue 1 used to

study the behavior of cells in their native environment and to test the
tosacity and elficacy of drags. The limitations of primary cell culture

include the limited lifespan of cells and the potential for
contaminaton with microorganisms.

Cell line culture:

Cell hne culture involves the establishment of immortahzed cell
lines from primary cells. These cell ines can be used to study cell
behavior and function under different conditions, to screen for new
drugs, and to produce recombinant proteins. The limitations of cell

ine culture nclude the potential for genstic dnft, the lack of
phyvelological relevance, and the potential for contamination with -

other cell lines or micrecrganisms. e -

Transfection and gene expréession analysis: _
Transfection involves the introduction of forelgn DNA into ii

animel cells, which can be used to study gene function and
refgalation,. Thes technugue can be used o express recormbanand

proteins, to knock down or overexpress specific penes, and to study
the effect of genetic mutations on cellular processes. The Imitations
of transfechion mchade the potential or I!|.',|J-:i.-|_:'il:'r|.':_ the low ellicency of
gene transfer, and the potential for off-tanget effects.

S0 coltare:
S0 culture [nvalves the growth of animal cells In three-
dimensional stractures, which can mimie the architecture and

function of natrre Dssues. This technigue 15 used to stady tissue
development, regeneralion, and dseass, and 1o test the toxecaty and

cficacy of drugs. The limitations of 30D culture include the complex

and wvarnable npature of the structures, the potential for
contarminaton, and the high cost and techmcal experfise redguired,

AN )
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Applications of Animal tissue culture:

Animal tissue culture 15 a widely used techmgue in modern biological
research with many applications in various felds. Some of the most

common applhications of animal tissue culture nchede:

Cell-based assays: Anmmal Bssue culture 15 used o create a

atandardized platform for cell-based aszays that allow researchers to
texl the eflects of varnous drags, chemicals, o other substances on

cells In a controlled environment

Vaccine development: Tissue culiture 15 used to grow vinases or

bacteria for use in vacoine production, which helps to reduce the nsk
of comtamination and mcrsase e purity af the vaccine.

Cancer research: Tizsue culture s used to grow cancer cells in vitro,
which can help researchers to stady the mechanisms of cancer

development, test new treatments, and screen potential drgs.

Tomicity testing: Tissue culture 13 used In toxicology studies to
determine the potential harmiul effects of chemicals, drags, or other

siibstances on cells or tissues,

Regenerative medicine: Tissue culbure 15 used to grow cells or

tizsuce for transplantation, tssue cngineering and other
repenerative medicine applications

20.6 TRANIGENIC BALTERIA, PLANTS ANLD ANIMALS:
Transgenic hiving thing are those having foregn gpene o5
inserted in it

26.6.1 Main Objectives behind Transgenic Bacteria, Plants and
Animals

The ohjectives of producing transpenie bhacteria, plants, and
anitmals inclhude:

Transgenic bacteria;
Transgenic baclernia are genelically modified by the

mtroduction of foreggn genes or DNA. Making transgenic bactena

-.-_
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mvolyes nscrting a desired pene into the bacterial [NA through

recombinant DNA technology. The gene of interest 13 frst isolated
and then inserted into a plasmid.

The plasmid 1= then intreduced into a bactenal strain such as
Escherichia coll (E. ool through transformation. The use of
transgenic bacteria for insulin production has allowed for large-scale

production of insulin at a lower cost, making it more accessible to
patients with diabetes. Once the transgenic bacteria are produced,
they can be used for vanous applications such as the production of

recombinant proteins, bioremediation, and pene therapy.
Tranagenic plants: The production of transgenic plants aims (o
mtroduce new genes or modify existing ones to improve plant traits

such as yiekld, diseass resistance, and nutnient uptake, and 0

produce uscful products such as pharmaceuticals, vaccines, and
biofuels.

HBiofuels are a type of fuel derived from renewable biological
sources, such as plants. Cellulose can be broken down into simple
sugars that can be fermented and distilled to produce biofuels such

as ethanol, One example of a transpenic plant used in biofuel
production 15 switchgrass, which has been engineered to produce
higher levels of cellulose and to be more resistant to pests and
diseases. Other transgenic plants used in hiofuel production inclhade
corn, sovoeans, and canola.

Transgenic animals: transgenic animals are penetically modified

organisms that have had one or more genes from & different species
introduced into their genome. The goal of producing animals that
have desired traits, such as improved disease resistance, enhanced

growth rate, or the ability to produce pharmacesuticals,
Cne madern application of transgenic animals ig in the fleld of
medicine, For example, transgenic ammals can produce human

proteins used to treat varnous diseases, One such example 1S
antithrombin, & protein used to treat blood clotting disorders, in

transpenic poat milk. This can be especially useful in areas where
food is scarce, as it can increase the amount of food that is available.

F &
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26.6.2 Introduction of DNA into plant and animal cells fembryos
Method Description
High voltage electrical pulse creates temporary
Electroporation pores in the cell membrane, allowing DNA o
enler.

[INA 15 directly injected into the nucleus of the
cell fembroyo using & hine needle,

Biolistics or gene DNA-coated tiny particles are propelled at high

Microinjection

L speed into cellsfembryos using a gens gun.
Agrabacterium tumefaciens bacterium s used o
Agrobacterium- intraduce DMNA into plant cells. The bacteriuim
mediated transfers a portion of ite own DNA [T-DINA) into
transformation the plant cell, which can be replaced with
desired DINA
Liposame- Liposomes (tiny spheres made of liplds)
R mediated encapsulate DNA, which i1z then introduced into
-~ translecthon cells fembryos.,
Modified viruses deliver DNA sequences Lo
viral veclors gpecific cells, commaonly used [or gene therapy
* & in animals.

d6.6.3 Raole of bhlotechnology In the production of insect, viros,

and herbicide resxistant plants:

Bintechnology has played a sigmibicant role 1n insect, virus, and
herbicide-resistant plants. By introducing specific genes into the
plants, scientisls have been able o énhandce the plants’ resislandce o
certain pests and environmental stressors, thus improving their
productivity and yield

Inscct-resistant plants: Scientists have developed penctically
modified [(GM) plante that produce a toxin called Bacillus
thuringiensis (Bi], which 15 toxee to certamn pests, such as the

Eurcpean corn borer and cotton bollworm. The Bt toxin is produced
by a pgene transferred into the plant's genome, usually va
Agrobactenume-mediated transformation. The tooxon 15 highly specihc




e, A
te the target pest, reducing the need for chemical pesticides, which
can be harmiul to the spvaronment and non-target species,

Virus-resistant plants: Virus-resistant plants: have been developed
by introducing penes encoding viral coat proteins, which prevent viral
replication and infection in the plant. The coat protein gene 15 either
delivered through Aprcbecterium-mediated transformation or viral
vectors. Several virgs-resistant crops have been developed through
biotechnology to combat the threat of viral diseases to crops. These
inciude pemetically modified papaya that is resistant to the ringspot
virus, tomato that s resistant to the Tomato yvellow leal curl virms,
potato that is resistant to the Potato vinas Y, and maize varieties,
such as the Mamze dwarl mosaic virus-resistant malze.

Herbicide-resistant plants: Herbicide-resistant plants are developed
by introducng a gene encoding an enzvme that can detoxily the
herbicide, making the plant resistant to the herbicide's effect. This
allows [armers o use specilic herbicides to contral weeds withoul
harming the crop. The most used herbicide-resistant crops are
ghyphosate-resistant, developed by Monsante and  known
commercially as roundup BEeady.

26 6.4 Human gene tran gfers in different animal :|:]::-r:f:i-|1-|;

There have been soveral notable human gene transfers into
different ammal species, with potential applications and prospects

Mice: Mice are the most used animal models in omedical research,
and human gene transfers have been used extensively to create
mouse models of human dizeases. For example, scientists have
introduced human genes Into mice o study diseases such as cystic
fibrosizs, Alzheimer's disease, and Cancer.

Sheep: Sheep have been penetically modified o produce human

proteins in ther milk, which can then be used o produce biotech
products such as msulin, bleod clotting factors, and growth
hormones,
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Pigs: Pigs have been genetically modihed to produce organs that are

compatible wath human recipients, This techmigue 18 called
xenotransplantation, and it could help to address the shortage of

human organs for transplantation.

Fish: PFish have been penetically modifsed to produce human

proteinsg, such as insulin and growth hormone, which can be used to
treal human diseases. Thes techiogque s called agquaculture

biotechnology, and 1t can produce bwtech products at a lower cost
than traditional manufacturing methads.

Primates: Non-human primates, such as monkevs, have becn
perietcally madilisd to create animal models of human diseases,

such as Parkinson's disease and HIV,

26.6.5 Role of transgenic bacterin in making biotechnology
products,
Transgenic bactera are important tools i botechnobogy to

produce various preducts, These bacterna are penetically enginesred
o express specilic genes thatl enable them to produce a wide range of

useful substances, such as enzymes, hormones, vaccines, and
antibadiez, One of the most common uses of tranggenic bacteria 1s
prioiucing  recombinant  proteins, such as nsulin and growth

hormones. These proteins can be produced In massive quantitics by
inserting the pene for the protein of interest into the bacterial

genome. The bacteria can then be grown in large-scale cultures and
the protein harvested and purified. Transgenic bacteria are alag used
o produce vaccines, For example, the hepatths B vaccme 1s

produced wusing transgenic wveast or bacteria that express the
hepatitis B virus surface anligen. The anbigen can then be punhed

and wused to produce the vacone, [t can be =engineered to produce
enzymes that break down celluloge 1o produce biofuels.

40.6.6 Some SCological CORcCErNE SUFfOUndIngE transgenic
bacteria

Transgenic bactena can escape into the environment and
transler thear maodihed genes 10 ather bacténa, potenbally crealing
new and unknown organmisms that could have negative ecological

-.-
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impacts. It 15 called Genetic Pollution., Transgemnic bactena can affect
natural ecosystems by competing with natee bactena for resources,
potentially leading to the displacement of native species. Bacter
may hawve unintended efiects on non-target organisms, nclading
benelicial insects  and micnoerganisms. The use of anbbbobc
resistance penes 10 transgenss bactena can potentially contrnbute to
the spread of antibiotic resistance in the environment. The
imtroduction of transgenic bectena can potentially alter microbial
ecoliogy, including the composition and function of microbidal
commumities in sol, water, and other environments.

26.6.7 Genetic engineering and [urm animals:

Crenetic engnesring can bensiit farm animals and agrnculture
iIn many ways, For example, it can introduce disease-resistant genes
mto farm animals, leading to better health and protection from
common illnesses and infections. .|’|.-|_'.]|:Ii1i|:_|n::|[|:l_.', RENebC ENgInSering
can improve the prowth rates of arm ammals, leading to larger and
more productive animals. 11 can also enhance nutfent utilization m
anrrmals, lEading to better growth and overall health, Technoalogy can
Even improve the q1_.|.',11i:r_:|.' of animal products, such as meat, milk, anil
epas, by altenng their composition, Moreover, genetic enginesenng can
reduce the environmental impact of farming by improving (eed
utilization efficiency and decreasing waste produced by animals,
However, progser |'|!_'!EII|.';J|i|:IITI HYal® TrL-l_:uni'I-:_:-J'in]:: il E-t'-nnli-l_' |;'-1'|F:_i.r|:-:|;-rin|§:
technologies are erucial o ensure their responsible and ethical use.

26.T BIDTECHNOLDGY AND HEALTH CARE:!

26.7.1 Biotechnologists prodice wvaccines to oaombat health
problems Vaccine:

A vaccine 15 a biological preparation that provides immunity to
a particular disease. It contains antigens that stimulate the bodv's
immune systerm o pradoce antibodies 1o hight off specific pathogens,
such as viruses or bacleria that cause the disease. Vaccines are
usually administered through injection or oral route and can prevent
o reduce the severity ol the disease.

F &
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Tible., 36 4 Same |.|:l|_]-r.|l'|.ld|l. vCcimes devaloped by hictechnalogists

Vaccine Description
Made using recombinant DNA technolosy. The
pene lor hepatitis B surdace antigen 15 msertbed

Hepatitis B _ : p=s
1.rI|::rin|.-.- into yveast cells, which produce large quantities of
o the antigen. The antigen is purified to make the
VAT,
TR Made using genetic engineering. The gene for HPFY
| surface protein is inserted mto insect cells, which
paplllomavieus : Lo
HPV] produce large guantities of the protein. The
protein 15 purthed o make the vaccineg,
Made using a combination of histechnologcal
technigques. Each yesr, the WHO identifies
Influenza | . R
: prevalent influenza strains, and a vaccine 18
vaccine e .
produced containing appropriate influenza
R antiFens.
FF..: ' Ceveloped by Phzer-BroMTech, Modema, and
COVID.10 Johinson & JI‘J|.'.tI'L!'iI:Ir.I._ thseE vAoCImes Lse mH.T'FFl.
~ : technolopy o instruct cells to produce a spike
YHRLOIIGE
& protein fonand on the surface of the coronavirus for
ITNITENS FEsROnSE,
Still in development, potential candidates use
Malaria bistechnalogy. Sanana’s vaccine, for example,
vaccine uses a weakened form of the malaria parasite to
shmulale an iImMoine response
20,7 .4 Biotechhidlogy and disease diagnosis [(DNASRENA

probes, monoclonal antibodies):

Biotechnology plave a significant role in discase diagnosis
through the development and use of varnous technegues, including

DMAENA probes and monoclonal antibodies.

DNA/RNA probes: These probes are asmall molecules designed to
band to specithc DNA or ENA sequences. In disease diagnosis, these

@ W




probes are used to detect the presence of specihc pathogens or
genetic mutations assoclated with certain digeases. This technigue is

particularly useful for detecting viral infections such as HIV, hepatitis
B and C, and human papillomaviras (HPY). These probes are labeled

with a fluorescent or radioactive marker, making it possible to detect
their binding to the target DNA or ENA sequences, This allows for

guick and accurate detecton of pathopens o genefic mutation in
clinical samples, such as blood, urine, or tesue,

Monoclonal antibodies:

Monoclonal antibodies are laboratory-made antibodies
designed to bind to specific antigens, such as proteins on the surface
of pathogens or cancer cells. In dissase diagnosis, monoclonal
antibodies are used to detect these antigens in clinical samples. This
technigque 15 usehal for diagnosimmg infectious diseases such as
tuberculosis, syphilis, and Lyme diseasze. It is also used in the

diagnosis of cancer, where monoclonal antibodies are used to detect &
specific tumor markers n blood or tissue samples. They are also o

uzed in imaging techniques, such as positron emission tomography —
(FET), 1o detect cancer cells in the body.

Z2b.7.3 Products biotechnologists obltaln for ose 18 dissase L
treatment:

Application Description
Production of proteins using recombanant DNA
Recombinant technology for treating discases like diabetes,

growth hormone deficiency, and anemia.

Laboratory-mades antibodies designed to target
specific antigens, used for treating diseases such as
cancer, rheumatold arthritis, and multiple sclerosis.

Monoclonal
Antibodies

Froduction of vaccines using recombinant LINA
Vacci technology to stimulate the immune system and
nEs provide protection against diseases like influenza,

hepatitis B, and human papillomavinas (HFV.

F .8
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Description

Development of gene therapy products to treat
genetic disorders by replacing or repainng defective
genes, targeting discases like cvstic ibrosis,
muscular dystrophy, and sickie cell anemaa.

Litilization of stem cells to develop therapees for
Stam Ceall disemses such as Parkinson's disease, spinal cord
Therapies injuries, and diabetes, enabling targeted and
effective treatments for a wide range of conditsons,
improving patent outcomes and quality of Lfe,

26. 7.4 Current methods employed for gene therapy (in-vitra and
If-Vivo methods):
Gene therapy = a technigue that involves the [nsertion,
removal, or modification of genetic material within a patient's cells to
W reat or prevent dissase. Therz are two meain methods of pene
~ therapy: mn-vitro and n-vivao,

S Therapy Name Description

[n-vitra Gens Manipulation of cells outside the patients body,
Therapy Iodlowed by transplantation back into the patient

a] Isolate patient's cells: Bone marrow or blood
cells are isolated.

b} Genetically modily cells: Cells are genetically
modified using a viral vector or other delivery
gyatem.

cd Expamd modified cells: Modified cells are
expanded to produce many celis with therapeutic
genes,

dj Transplant modifed cells: Modified cells are
transplanted back into the patient's body for

IreatimieEnl.
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In-vivo Crene  [Dorect dehvery of the therapeutic gene to the
Therapy patient's cells or tlasues within their body

g] Debver therapeutic gene: Gene 8 delivered
directly using a viral sector or other svatem,

b} Express therapeutic germe: Gene i expressed
within patbient's cells or protein producton.

cf Treat disease: Protein prmoduction leads to the
treatment of the disense

26.7.5 Gene therapies in the detection and treatment of some
genetic diseases:

Cene héerapy has shown greal promasée o the deltection and
treatment of vwanous genetc diseases. Here are some examples:

Hemophilia: Hemophilia 18 a penetic disorder that affects the blood's ;_"h
ability o clot propéerly. In-vivo gene therapy lor hemophiitha mvolves

the delivery of a hanctywonal copy of the clatting Iactor gene to the lver _

cells uz=ing a viral vector, The goal of this therapy 12 0 replace the "
defective gene with a functional one, leading to the production of JF
normal clotting Iactors and the prevention of bleeding episodes.

Adrencleunkodystrophy |ALD): ALD ia a penctic disorder that affects
the nervous system and leads to the progressive destruction of the

myelin sheath that covers nerve cells. Im-vive gene therapy for ALL
ivolves the delivery of a functional copy of the ABCD]1 gene to the
brain cells using a viral vector. The goal of this therapy iz 1o replace
the defective gene with a funchonal one, leading to the production of

normal ABCD protein and the prevention of nerve cell destnaction

26.T7.6 Gene therapy for cystio brosis:

Cystic Fibrosis [CF): It i8 a genctic disease caused by a mutation in
the CFTE gene that leads o the productioss of thaek mikcus in the
hungs, pancreas, and other organs. In=vivo gene therapy for CF
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involves the delivery of a functional copy af the CFTE gene to the

hungs using a viral vector, The goal of thas therapy 15 to replace the
defective gene with a functional one, leading to the production of

normal CFTE protein and improvement of lung function.
Gene therapy for CF involves the delivery of a functional copy
of the CFTR gene to the lung cells of patwents wath the disease.

The CFTE gene provides instructions for making a protein called the
CF transmembrane conductance regulator [CFTR). Thiz protein

fhunctions as A channel across the membrane of cells that produce
mucug, sweat, saliva, tears, and digestive enzymes. The channel
transports negatively charped partscles called chiornide pons mto and
out of cells. The transport of chloride jons helps control the

movernent ol water i Bssaes, which 18 fecessary o produce thin,

freely flowing mucus, Mucus is a slippery substance that lubricates
and protecte the lining of the alrways, digestive aystem, reproductive
system, amnd other organs and tissues. The CFTR protein also

repulates the function of other channmels, such as those that
transport posatively charged paricles called sodium sons across oell

membranes, These channels are necessary for the normal function of
OFgans such as the lungs and panciheas.

Gonetic counseling:
Crenetic counseling 158 & crucial process that helps individuals

and familiez understand and manage genetic risks. [t involves
assessing family history and performing genetic testng o identify

potential genetic disorders or mutations, Genetic counseling provides
education, support, and helps individuals make informed decisions
about Bymily planming and medical management options. 1t also

addresses ethical concerms related to penctic testing. Ultimately,
genétic counseling empowers  individuals and amihes o omake

informed decisiwons about their genetic health and care,

Genetic screening:

It 8 a vital medical procedure that involves analyzing an
indmadual's DNA to detect genehic disorders and mutations. [T serves

various purposcs such as carly detection of discases, carrier
BCTeEnIng, pretalal SCreening, Carcer BCTEETIINE, and
pharmacogenomics, Early detection enables timely intervention and

-.-_
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better disease management, camer screeming helps wath By
planning, prenatal screening akds n nformed decision-making,
cancer screening identifies high-risk individuals for early detection,

and pharmacogenomics enables personabized medicine for better
treatment outcomes. In briefl, penetic sereening plays a crucial role in

identifving risks, aiding family planning, and facilitating personalized
medical care for improved disease management,

26.8 BCOFPE AND IMPORTARCE OF BIOTECHNOLOGY

Biotechnology 15 of great importances dues to 1ts potential in
addressing  global challenpes swuch as disease, hunger, and

environmental depradation. It enables the development of new
treatments, improved crop yields, and sustainable energy sources.
Additronally, iotechnodogy has the power to transform industres,
create economic opportunities, and drive  techmological
advancements., With its positive impact on human health, food

security, and sustanable development, hiotechnology will continue to
shape the future of actence, technology, and soclety.

26.8.1 Social/ ethical implications of vsing gene technology in
hiuman:
The use of pene technology in humans cames significant social

and ethical implications. There are health nsks associated with gene
therapy, mcluding immune réeactions, off-target «fects on penes, and

the potential for cancer or genetic diseases. The unequal access Lo
genetic therapies ralscs concerns about social inegqualty, as lower-
income ndividuals and those 1in developing countnes may stragele to
afford these treatments, leading to healthcare disparities. Ethical
concerns arise regarding penctic enhancement and the creation of
“perfect” humans, which could resalt m discnmination agamst those
withrout desired traits. Genetic discrimination s another worry, with
potential misuse of genetic information by insurers, employers, &and
others leading to prvacy violations and increasad social imequality,
Adcitwonally, unintended consequences such as penetic Changes m
future generations or the emergence of new genetic discases must be
carcfully considered and — sddressed before widespread

implementiatson of gene technology in humans.
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Y SUMMARY

Process of creating dentical copies of DNA fragments or whole
OFEARISmE.

Allows for Larpge amounts of specific DNA sequences.

Uszed In genetic enginesnng, gene therapy, and agriculiure,
Techmigue used to determines the axact order of nucleotides 1n a
DNA malecule.

Crucial tool for studying genetic mutations and diseases.

Has revolutiomzed helds such as genomics, personabzed
medicine, and forensics.

Involves the identification, isolation, and manipulation of DNA

malecules,
Widely used in lorenswe sclence and paternity testing.

Technigues include polymerase chain reaction [PCHE) and gel

electrophoresis,
Detailed maps of the arrangement and location of genes on a

chromosome.

Used to 1dentify penes azsociated with diseases and genetic
disorders,

Can aid in the development of new treatments and therapies.
The growth of cella or tissues in a controled environment

outside of an organism.
Used o study cellular processes, develop new medical

treatments, and produce vaccines.

It can b= used to produce clones of plants and animals
Organisms that have had foreign genes mtrodoced into their

DNA.

Used to improve crop viekds, develop new treatments for
diseases, and produce bopharmaceutcals.

Can raise ethical concerns related to genetic engineering and
genetically modified organizmes [(GMOs],
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o/ EXERCISE |

. Encircle the correct choice,

1

11}

111 ]

1]

Cloning of genes creates an wentical copy of a DNA sequence
The process of cloming 15 sigmficant for what reason®

|a] To creats A (TANSEenic OTERNLSI

o] To diagnose genetic disorders

e} T study gene function

] All the aboye

LINA sequencing 15 A techngue used o determine the sequences
of nucleotides in a DNA molecule, What is the significance of
[JMA sequencing?

la) To wentihy penetic vanations

3] T create a tran !liE_I".I'IiI:_: -|_:-r-;.._!|:11'|'i:-;rr|.

[} Tox study gene expressimn

[cd] All the albove

DMNA analysis 15 used to identify genetic disorders. What is the
purpase of DNA analysis?

o) Sequence of nuckeotides i a INA

|5B] To study gens expression

e} T icdentify genetic variations

] All the aloe

ﬁ't-l_:ll_l:ll_.'h]'ll'llll_:l*l:l_.' s many apphcatons in healthcare, includmsa
gene therapy, drug proeduction, and diagnosis of diseases.
What is the significance of biotechnology in healtheare?

&) To study gene function

|8 Te improve andimal wellare

e} T develop new materials

] All the above

Polymerase chain reaction (PCR] 18 a technigque used to ampliby
DMA. What 15 the significance of PCR?

la) To seguernce DNA

6] To identily genetic disorders

e} To study gene EXpressun

d] All the above

» 4
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vi] el electrophoresis is a techngque used to separate DINA

fragments based on size, What 15 the significance of gel
electrophoresis?

(@) To study gene eXpression

(B To sequence [MNA

ic] To wentily penetic vanations

() All the above

Vil] Sanger sequendcing 15 a technigue used to read the sequence al
[NA, What 15 the significance of Sanger sequencing”
la) To identfy genetic disorders
(b To sequence [XNA

(c] To study gene expression
(d] All the abowve

vill} Southern blotting 15 a technigue used to transfer CINA
fragments from a gel to & membrane. What 1s the signiflcance
of Southern blothing?

{a) To identfy genetic disorders
e (B To sequence [NA
- (¢l To study gene expression
td) All the above
1x) Genomic maps are usehal for;
E (a) ldentifying genes assoclated with specific discasces
& (b Cresting genebically maodihed organisms

(c] Analyzing DNA methylation patterns
(dl Detecting protein-profein inleractions
¥] What 1s the sigmihcence of monoclonal antibodies in
biotechnalogy?
tia) To study gene expression
(b Liaed to diagnose discases
] enelically modithed orfganisms
td] They can be used to create new drugs

2. Write short answer of the following:

i Why ampF amnd Lac® are used in congtruction of rDNAY
1] Whal do you mean by KFLPs/

1] How iz bictechnology used in healthcare, and what are some of
the potential benelits and challenges associated with its wse?
1w] Why restniction enzymes are called molecular scissors?
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Vi

What do you mean by pabindromed
Enlist enzymes use in rDNA techivology?

4. xive detniled answers to following gquestions:

1

What s DNA sequencing, and how has it been used to study
genetic mutations and discases?

What 15 the role of DNA analvsis in forensic science and
paternity testing, and whal are some of the methods used in

thiz ficld?

Describe the process of creating genomic maps and explain
how this technology has been used 0 study penes and

discagecs.




