BIOTECHNOLOGY
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Cloning of Genes

DNA Sequencing

DNA Analysis

Genome Maps

Tissue Culture

Transgenic Bacteria, Plants and animals
Biotechnology and Healthcare

26.8 Scope and importance of Biotechnology

Students will be able to:

. 2 v @ »

Define gene cloning and state the steps in gene cloning.

Describe the techniques of gene cloning through recombinant DNA technology.
Explain the role of restriction endonucleases and DNA ligases in gene cloning,
Describe the selection and isolation of the gene of interest.

Explain the properties and the role of vectors in recombinant DNA technology.

State the steps for the integration of DNA insert into the vector.

Briefly state the technique applied for the selection of the vectors that take up the DNA
insert.

Describe the steps involved in gene amplification through polymerase chain reaction.
Describe the procedure for the construction of genomic library.

Explain the Maxam / Gilbert procedure and the Sanger-Coulson method of DNA
sequencing.

Describe the principles of Gel Electrophoresis as being used in gene sequencing.
Introduce the automated DNA sequencing as based on the Sanger-Coulson method.
Describe the purposes and mechanism of DNA analysis.

Describe the terms of genome analysis, genome map and genetic markers.

State the history of the human genome project admiring James Watson as its first

director.

Describe the goals of the human genome project.

Predict some of the possible benefits that can be derived after the completion of the
human genome project,

Define following terms related to plant tissue culture; explants, callus, micro-
propagation, plantlets, somatic embryogenesis, soma clonal variation.

Explain tissue culture and differentiate between the organ culture and cell culture.

Differentiate between the callus culture and suspension culture techniques.
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Describe the anther culture, ovary culture, meristem culture and embryo culture

techniques. T el

*  Briefly describe the techniques used for, applications and limitations of animal tissue
culture ) : ,

* State the objectives of the production of transgenic bacteria, transgenic plants and
transgenic animals -

* Describe different methods applied for the introduction of DNA into plant and animals
cells fembryos . oy

» Describe the role of biotechnology in the production of insect, Virus and herbicide
resistant plants. : :

* State the notable human gene transfers in different animal species and describe their
potential applications and future prospects.

» State the role of transgenic bacteria in making biotechnology products.

List some of the ecological concerns surrounding transgenic bacteria.

* Describe the ways in which genetic enginecring improves farm animals. !

* Describe how biotechnologists are able to combat health problems by producing
vaceines.

* State the role plaved by biotechnology in disease diagnosis (DNA/RNA probes,
monoclonal antibodies).

® Describe what products biotechnologists obtain for use in disease treatment.

* Explain the current methods employed for gene therapy (ex-vive and in-vivo methods).

= [Explain with example gene therapies in the detection and treatment of some genetic
diseases.

» [Explainthe role of successful gene therapy for cystic fibrosis.

» Explain the scope and importance of biotechnology in promoting human welfare.

e List the hazards and social/ethical implications of using gene technology in human.

Introduction : 3 ‘
Biotechnology is any technique that uses living organisms to make products. As

far back in recorded history as biblical times, biotechnology was used; e.g. yeast was
used to bake bread and for the fermentation of wine and the production of cheese. In
1862. Louis Pasteur discovered that fermentation is caused by micro-organisms and is
not an inorganic chemical process. The people became aware that they were using living
things to make everyday products. Since Mendel's work was rediscovered in 1900,
geneticists made startling advances which have led to new era of DNA technology.
Modern techniques and technologies enable us to remove genes from one organism and
insert them into another in order to produce desired substances, such as insulin, growth
hormone, drugs and vaccines. This knowledge is being used to clean up environmental
pollutants, kill insect pests, increase fertility of soil. efc.

Nowadays the field of biotechnology as has become a vast field, but this unit deals
with a brief introduction of biotechnology, called Genetic Engineering (deals with
manipulation or alteration in genetic material of an organism).
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26.1 Clogin :

Cloning of genes produces many identical copies (clones) of a single gene. The
clones of genes are used in many chemical processes. There are two possible ways of
cloning of gene i.e. recombinant DNA technology and polymerase chain reaction (PCR).
The recombinant DNA technology is used when a very large quantity of a gene is
required while PCR is used to create an optimum number of copies withina laboratory In
a test tube.

26.1.1 Gene Cloning through Recombinant DNA Technolog)
Recombinant DNA technology is popularly

known as genetic engineering, which is a series of

procedures.that are used to join together (recombine) two

or more segments of DNA from different sources. The 2

recombinant DNA (rDNA) is also called Chimeric A

DNA.
In order to produce recombinant DNA, following components are required:

° To get gene of interest (desired gene), which is to be cloned.

2 Molecular scissors (restriction endonuclease) to cutoul the gene of interest.

° Vector ormolecular carriers are needed to carry gene of interest.

° The enzyme (ligase). which is responsible for the formation of phosphodiester
linkage between two adjacent nucleotides.

° Expression system, (such as bacteria) in which gene of interest along with vector

is inserted, to get large number of desired genes or specific chemical products,

26.1.2 Role of Molecular Scissors and DNA Ligase

Molecular scissors are also called restriction endonucleases. These natural
enzymes of bacteria were first isolated by Hamilton D. Smith (1970), at John Hopkin
University in Baltimore, Maryland, USA. He observed that this enzyme has property to
cut the DNA of virus to prevent replication of viral DNA in bacteria, different species of
bacteria produce di fferent restriction endonucleases, which cut the DNA at very specific
sequence of four to eight nucleotides arranged symmetrically in reverse order. Such
sequences are called palindromic sequence and their cutting points are called
restriction site. So far over 3,000 restriction enzymes have been studied in detail and
more than 600 of these are available commercially (230 different DNA sequences).
These enzymes are routinely used for DNA modification in laboratories, and they are a
vital tool in molecul ar cloning, twenty enzymes are frequently used in recombinant DNA

technology. (Fig.26. 1)
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EcoRI (isolated from Escherichia coli) is most commonly used restriction
enzyme, which cut double stranded DNA into single stranded complementary ends,
whose palindromic sequence has (AATT) bases at the == =
cleavage site. \ Information),

The complementary ends of the two DNA |Restriction enzymes are
molecules are called sticky ends (a staggered cut) |named afier their host of
because these can bind by complementary base pairing. |°M8in. €.g. xhal from Xan-

: = : : 2 thomonas holcicola, hind II
Thus foreign DNA with same palindromic sequence is |, 4 1y from Haemophilus

N

easily inserted into vector DNA. influenzae. )
Gene of Interest

The desired genes can be acquired by three possible ways.
. Genes can be isolated from the chromosomes by cutting the chromosomes on the

flanking sites of the gene. For this purpose, restriction endonucleases are used.
(These enzymes are obtained from bacteria, which they use for their own
protection against viruses. The restriction enzyme cut down the viral DNA, but
does not harm to the bacterial chromosome).

. The gene of interest can also be synthesized in the laboratory from mRNA, using
reverse transcriptase, which are naturally found in retro viruses. This DNA
molecule (gene) is called complementary DNA (cDNA).

. If the genes of interest are small, then they can be synthesized artificially by a




machine caIIed_DNA synthesizer. This machine can create specific DNA
molecules of desired sequence of nucleotides.

Role of Molecular Carriers or Vectors
\ Vectors are another major component required to make arDNA molecule for gene

cloning. It acts as a vehicle for carrying foreign DNA into a host cell for multiplication.
:One common type of vector is a plasmid (small extra chromosomal circular DNA
molecules in bacteria, contain genes for antibiotic resistance and fertility, efc.). The
commonly used vectors are plasmids, Lambda phage DNA), yeast artificial
Cthmngumes (YACs), bacterial artificial chromosomes (BACs).

DNA Ligase: Itacts as molecular glue that assists to seal the foreign pieces of DNA into
the vector to form recombinant or chimeric DNA. The complimentary ends of two DNA
molecules are joined by hydrogen bonding and ligase is responsible for the formation of
the phosphodiester linkage between adjacent nucleotides.

Expression of Recombinant DNA / Expression system

The most suitable
organism which acts as vector
to multiply and express the
recombinant DNA, is bacte-
ria, because they have short
generation time and simplicity
of its genetic system. The
bacterial cells easily take up
recombinant plasmid, especi-
ally if they are treated with
calcium chloride to make
them more permeable.
' Therefore, as the bacterium
' reproduces, each daughter
r bacterium contains the gene of

interest, which will express
itself and make a product e.g.
: Agrobacterium, tumefaciens.
~ Steps for creation of
" Recombinant DNA
- (Plasmid)
| The simplified steps
outlining how to create a
recombinant DNA and

y Recombinant

Bacterial DNA molecules

l.'h:f'.’.'i 0s0Imae

DNA introduced into bacterial cells

Recombinant DNA molecules replicate and cells divide

Fig.26,2: Formation of Recombinant DNA in Bacteria




transgenic species 1s cut, copy and paste.

Cut: A gene of interest is removed from the cell of an organism, using molecular
SCISSOTS.

Copy: Now multiple copies are made (known as gene cloning). This step 18
usually carried in bacteria (some time phage) e.g. Escheria coli is the regulating
system.

Paste: The genes are inserted (Pasted) into a bacterium or an egg cell ora plantcell
of another species. And (after fertilization in case of animal) become part of the
newly formed transgenic organism's DNA.

The transgenic organism develops into a mature organism with the new gene

— . -

Transformation of Expressing system/ Gene delivery Tech niques

i) Agrobacterium mediated transformation take up recombinant plasmid,
especially, if they are treated with calcium chloride to make them more
permeable. Thereafter, as the cell reproduces, a bacterium clone forms and each
new cell contains at least one plasmud.

1) In animals, micro-injection of DNA dircctly injects DNA into the nucleus of an
egg. Thisis usually performed underan optical microscope to introduce DNAnto
egg cells when creating transgenic species.

iti)  Electroporation increases the membrane permeability by applying a high-
voltage electric shocks to introduce DNA into the cells.

iv)  Biolistics is a method for the delivery of nucleic acid (recombinant genes) into
plant cells by high speed particle bombardment. The technique uses DNA-coated
metal particles which are propelled by a gene gun.

v) DNA may be carried by vectors such as an adenovirus, liposome or bacterial
plasmid into cells. It either enters directly to blood or may be delivered by aerosol
(nasal or oral).

Gene Validation

For bacterial clone, adding a particular antibiotic to transformed clone, if clone
has got resistance against the antibiotic, so it remains alive and continues to grow, some
importantantibiotics markers are Ampiciline, Kalamycine, Streptomycine, efc.

For animal and plant cells: A gene fora
fluorescent protein from jelly fish is now used to ‘'Liposomes are Pte
determine whether an individual has successfully ' spherical sacs of molecule!’
incorporated a transgenic gene. The fluorescent gene is ' enclosing water droplet,
used as a marker and is attached to the gene of interest . carrying genes or drugs.
that will be inserted into prospective transgenic T rererl

-




organism. Thus resulting offspring (cell) gives fluorescence under certain lightening

conditions.
26.1.3 Polymerase Chain Reaction ( PCR)

The Polymerase Chain Reaction “PCR” is a type of reaction which
millions of copies of a single gene or any specific small piece of DNA quickly in a test

tube. (Fig.26.3)
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[t was originally invented by Kary Mullis in 1983, who got noble prize in
in 1993. It is based upon in vitro replication process. PCR takes its name from
s a chain reaction because polymerase will carry out
there are millions of copies of the desired gene

chemistry
DNA replication enzyme ina cell. Iti
replication over and over again, until
(DNA).

Components of PCR Technique
The components, required for PCR technique are template DNA, deoxyribo-

nucleoside triphosphates (ANTPs), primers and Taq polymerase.

i) Template DNA or Target DNA is a copy of specific DNA from a mixture of
DNA molecules which is to be copied. The template DNA may be useful gene or
piece of DNA of infected organisms or pieces of DNAto be used for DNA finger

printing.

ii)  Deoxyribo-N
nucleotides i.e. dATP,
replication ofnew DNA pieces.

ucleoside triphosphates (dNTPs) are four types of free
dGTP, dTTP, dCTP which are used as raw material o

—— ——




iii)  Primers: Before carrying out PCR, primers sequence of about 15-20 bases are
needed because DNA polymerase does not start the replication process. These
primers are complementary to the base on either side of the target DNA.

tv)  Taq Polymerase: The basic components required to copy template DNA i
thermocycler and temperature tolerant (thermostable) enzyme. This enzyme is ,
extracted from the bacterium Thermus aquaticus which lives in hot springs, it can
withstand high temperature up to 115C. PCR is done in an automatic PCR
machine or thermocycler. This regulates the temperature during various steps of
PCR reaction according to the need.

Mechanism of Polymerase Chain Reaction

Typically, PCR consists of series of 20-40 repeated temperature and time change
cycles. The PCR amplification cycle consist of three basic steps, i.e. denaturation /
unwinding of double helix DNA, primer annealing and extension or polymerization. It's

time duration, temperatures and sequence of the steps have to be programmed in the
thermocycler.

Denaturation (Unwinding of Double Helix DNA):
The template is heated to 94-95°C for one minute
(maximum up to five minutes). Under this high
temperature, the DNA undergoes complete denaturation. | Primers are Pf two kinds ie.
The double-stranded DNA (dsDNA) becomes single- | forward (3°-5%) or sense
stranded (ssSDNA). Thus each single ssDNA can act as | PIAmETS. Reverse primer

A , .(5'-3") or Anti sense primer.
the template for the in vitro DN A synthesis. —

Primer annealing (Hybridize): In this step the two
primers, the forward primers (3'-5") and the backward
primers (5-3"), anneal or hybridize to the single- Polymerase chain reaction is
stranded template DNA at its complementary regions. | the reaction which is used for
This step is usually carried out at a lower temperature | Production of number of

depending on the length and sequence of the primers. (In fjﬁgﬂd gene copies within test

standard case 54-55°C) for approximately 1-2 minutes. - &,

Extension of Polymerization
It is final step of PCR, in which the Tag DNA polymerase synthesizes new DNA

strands to the 3 ends of primers using dNTPs. The optimum temperature for carrying out
the primer extension reaction or polymerization of dNTPs is standardized at 72°C and
take one minute to be completed.

At the end of first cycle one target DNA molecule is converted into two daughter
molecules. The second cycle immediately starts with the denaturation by heating at 94°C.



As a result all the newly synthesized. DNA are also denatured to single strands, which
again act as templates. It will again be followed by the primer annealing and extension
continues resulting in the amplification of the selected DNA sequence at an exponential
rate ..e. the number of existing DNA molecules become doubled after each cycle. |

TheApplication of Polymerase Chain Reaction
" Todiagnose viral infections, genetic disorders and cancer.
. To identify criminals in forensic laboratories (DNA finger Printing).
. To determine the
evolutionary history of \ {
human population. It ”\,\ /r/_\‘ O
has been possible to k K,
sequence DNA taken f Isolation of DNA from Cells
from a 76,000 year's | ..
old mummified hu-
man brain and from a
17 to 20 million years
old plant fossil follo- ALY
wing PCR amplifi- J, Digestion with i

restriction enzymes

cation.
. Detection of micro- /j

organisms in food .

samples, water and in \ = i (

the environment ek IJ‘:.':L & Ligation with Cleaved
the hEIp of species— \ DNA ligase g/ veclors

specific primers.

® Reactions substances O O
for DNA sequencing. o

26.1.4 Genomic Library : =T
A genome is a full set

of genes or chromosomes of
an individual. (Fig.26.4)

. Genomic Library
A genomic library is a

Plasmid
vieciors

DNA
isolation

collection of bacterial or Ampfiﬁcmiﬂq of Collection of
b’a'cteriuphage clones, each genomic DNA library genoniic DNAH&,m}r
clone containing a particular Fig. 26.4: Making a Genomic Library




segment of DNA from the source cell. The collection of genomic libraries ot
organisms is called gene bank.

Making a Genomic Library

For making a genomic library, an organism's DNA is simply sliced into
pieces by amolecular scissor and pieces are put into vectors (cut with the same molecular
scissor i.e. plasmids or viruses) that are taken up by host bacteria. The ligase enzyme
connects DNA pieces which is now called recombinant DNA. The entire collection of
these bacterial or bacteriophage clones contains all the genes of that organism.

Complementary DNA Library (cDNA Library)
The complementary DNA library is the collection of clone of DNA, which is

complimentary copies of mature mRNA (devoid of introns) separated from a particular
cell.

How Reverse Transcriptase helps to make Mammalian Gene for

cloning

In order for mam- e _
malian gene expression to . [ — .
occur in a bacterium. The gene T O O RN
has to be accompanied by l ne transeribed to RNA
proper regulatory region, also ~ RNA ==
DNA should not contain l trons removed $ic
introns because bacterial cells ’ s W iR
do not have necessary enzyme bl ’
to process Or mature prim-ary [ = ]
mRNA. | s e et

It is possible to make , | |
mammalian genome that lack 3 T e
introns. The enzyme reverse A g B reverse transcriptase
transcript-ase can be used to synthesized o o
make a DNA copy of all the DNA polymerase added 1
e mRNA molecules l second strand of DNA synthesized
froma cell. This DNA is called TR cDNA: DNA of genes

EEr e without introns

NA
complementary DNA(cDNA) Fip. 26.5: Formation of ¢DNA

which does not contain
introns. (Fig.26.5)
Locating a Gene of Interest with a Particular Probe

A particular probe is a single strandgd nucleotide sequence that will hybridize



netic library for a certain gene.

(pair) into a certain piece of DNA, itis used to searcha ge acertain
be is either radioactive 15otopes

Location of the probe is possible because the pro _
of phosphorous or fluorescent dye. To search gene from genomic library, following steps

are taken. :

. Bacterial cells, each carrying a particular DNA fragment, can be plated onto agar
in a petri dish. |

. Now probe is placed on these petridishes, probe is made of nine or more
nucleotides.

. The probe hybridizes (form pairing) into the gene of interest.

The genes can be isolated from the fragment.
Now this particular fragment can be cloned further or even analyzed for 1ts

particular DNA sequence.

26.2 DNASequencing
DNA sequencing is the process of determining the order of the four chemical

building blocks known as “bases™ that make up the DNA molecule. The sequence tells
scientist the kind of genetic information that is carried in a particular segment.
One of the important tools used in various DNA sequencing techniques is gel

electrophoresis.

26.2.1 Gel Electrophoresis | }
This laboratory technique is used to separate " Interesting ]
P \_ Informatiol
fragments of DNA, RNA and proteins in an effort to , . :
Agarose is used for relatively

identify its origin. large DNA molecules (more
Enzymes are used to chop up the long filaments | than 50 nucleotides) and poly

of DNA into varying size of fragments. The DNA “E""Y"}“‘:l“ for high resolu-

2 . tion of short DNA fragments
fragments are placed into small \fvells (hF:les) in the gel (less than 50 nucleotides).
made of agarose or polyacrylamide, which are aligned ' -

along one end.
The gel is exposed to an electric current, positive on one side and negative on the

other. DNA fragment travel is inversely proportional to its length. The effect is that the
biggest, heaviest, and light charged particles do not mave easily through the gel. They get
stuck very close to the wells they were in at the beginning and most charged particles pass
through the gel to the other side with less difficulty. Intermediate particles are distributed
in between. In the end, the fragments of the different size leave a banded pattern of DNA

onthe gel. (Fig.26.6)
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(visible after suitable
Slois for treatment)
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Horizontal Gel Electrophoresi Vertical

Visualization of Fragments
To visualize DNA fragments, the gel can be stained by DNA binding florescent

dyes that bind to the DNA molecules and are typically viewed under ultraviolet trans-
illuminator. DNA bands can also be transferred from gel to nitrocellulose membrane for
auto radiography (x-ray imaging).

Now we can observe that some bands are appeared thick and some are thin. The
thick represent the high concentration of same size fragments where as thin bands exhibit
low concentration. If a particular sized fragment is to be used for further analysis then the
piece of gel containing that band can be cutand its DNA can be purified again.

26.2.2 DNAsequencing Techniques
In the late 1970s, methods were developing that allowed the nucleotide sequence

any purified DNA fragment to be determined simply and quickly. These methods are

based upon three steps.
i) To generate piece of DNA of different sizes. All starting from the same point and
ending at different point.

ii) Separation of these different pieces of DNA on agarose gel.
iii)  Reading of sequence from the gel.

26.2.3 Methods of DNAsequencing
Three methods are generally used to generate DNA fragments (which are of

different sized).
i) Sanger-Coulson Method
ii)  Maxam Gilbert Method
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il - Antomated DN A Sequencin i/ NeAt generaton seq LETICInE

i)  Sanger-Coulson Method/Dideoxy method
In this method ctldmxyrlhnnu:leuside iriphosphates (dd NTP's) are used to

rerminate [INA synthesis at different sies. Therefore, this method s dlso called as

. dideoxy method. (Fig:26.7)
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[t was developed by Frederick Sanger along with Andrew Coulson in 1977, They
were awarded Nobel Prize.in 1980 on this achievement. Sanger's method now has
become the standard because of its practicality thus called Sanger's method, Sanger
method is widely used and similar to the natural process of DN A synthesis.

Procedure:- The modified dideoxyribonucleotides are used ‘which are same as
de:uxyﬁhqnuuleulides excepl, they contain ahyu._irng_uﬂ group onthe carbon instend ofa
hydroxyl gl'l_JIJ.pEJH'_'}_._“"'I]EIImd&ﬂ#}ﬂﬁ?ﬂﬁﬁl_ﬁﬂﬁﬂﬁ'}ﬂtﬂgfﬁtﬁﬂ 10 sequence, il prevents
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the addition of further nucleotides. This occursbecausea [ Dideoxyribonucleotide
phosphodiester bond cannot form between triphosphate
dideoxynucleotides and the next incoming nucleotides. /1< 4 c¢hain terminating
Therefore, the DNA chain is terminated and replication | precursor of DNA synthesis
ceased. For the sequencing of DNA, their double strand "“‘ bi‘f“jk_ :-h_;::?;f; ﬁk:::k,r,lﬂ
has to be denatured into single strands, using heat :'r':-lh;;;;:k15;}:;:5 by DNA
because only one strand that acts as template. Now the ' polymerase. These nucleo-
template strand is tagged with a known sequence at 3’ tides lack 3-OH" hydroxyl
end, so that a complimentary primer can bind on the '"r]!E::”EL::;;:,‘LI:;LL'“Hm
known sequence. Once the primer is attached to the ——
DNA, the solution is divided into four tubes labelled
G2 AT Tand FCY. ‘

Thenreagents are added to these samples as follows:

“G” Tube: all four dNTP's, ddGTP and DNA polymerase

“A” Tube: all four dNTP's, ddATP and DNA polymerase

“T” Tube: all four dANTP's, ddTTP and DNA polymerase

“C"” Tube: all four dNTP's, ddCTP and DNA polymerase

Base Base
o o o 5 o 0" 0
o 1 1 s CH, =1 I I g
i e T i R T
0 0 0 *"?'/ \7’.' 0 0 0 ‘o’ N
H H AV I
H\ l 1\ |
TCI- £| 2 Hrflj——(l?;s_-
I H ® u
No.3’—OH No,S'l[}H
required for chain elongation Therefore,

Fie 26.9: Structure of Nucleotide terminates chain

In addition, normal free A, T, G, and C nucleotides and Taq polymerases are
dissolved in these tubes. Now all tubes are placed in PCR machine so that sequencing
reaction can start. As the DNA is synthesized, nucleotides are added on to the growing
chain by the DNA polymerase. However, on this occasion a dideoxynucleotide is
incorporated into the chain in place of a normal nucleotide, which results in a chain
terminating event. For example, if the tube is containing ddTTP then only those
fragments will be produced that will terminate on “T”, same mechanism takes place in
other tubes.
importance: - The key to this method is that all the reactions start from the same



nucleotide and end with a specific base. Thus in a solution where lhn.‘. same chain ﬂf‘DrNﬁl.n
is being synthesized over and over again, the new chain will terminate at ailt pus;u‘mm
where the nucleotide has the potential to be added because of the integration of the
dideoxynucleotides. In this way, bands of all different lengths are prgduccd. L‘,Im_:-: thc_se
reactions are completed, the DNA 1s once again dcnalururl in preparation for
electrophoresis. The contents of each of the four tubes are run in separate lanes on a
polyacrylamide gel in order to separate the different sized bands from one a n.nl‘hcr_ .-—‘\ﬂnfr
the contents have been run across the gel, the gel is then exposed to either UV light or X-
rays, depending on the method used for labelling the DNA.
ii) Maxam-Gilbert Method 5
This DNA sequencing method was developed by Allan Maxam and Walter Lnlbcrt
(1976-77). It is also known as chemical cleavage method because it is based on chemical
modification of DNA and subsequent cleavage at specific bases.
Procedure: - The DNA to be sequenced must denature so that the two strands can be
separated from each other, one strand is purified and divided into four samples (G,A+G,
T + C and C). Each sample is treated with one of the modified chemical reagents and
cleavage reagents. The former cause a chemical modification in the nucleotides they are
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Fig.26.8: Maxam Gilbert DNA Sequencing Method




re used to cut DNA

DNA fragment will
“A+G” the

specific for, making them susceptible to cleavage while the later a
strand at specific point. For example, in the sample “G” the unknown
be cleaved from all those points where G is present. Similarly, in sample
fragment will be cleaved from A as well as from G and so on. In other samples when all

chemical reactions are completed then the products are run through gel electrophoresis

and finally the sequence is read from autoradiograph of gel pattern. (Fig.26.8)
i) Awtomated DNA Seguencing

Automatic sequencing machines have greatly improved the quality as well o
the speed of the sequencing process. The basic principal of sequencing is quite same in
manual and automated DN A sequencing except few differences.

There is no need for radiolabelling and autoradiography. The use of
fluorescently labelled ddNTPs (dideoxynucleotide triphosphate) has made the reading
very easy, convenient, and automatic with the help of UV laser detectors. Thus, it has
greatly improved the speed of sequencing. Each of the four types of ddNTPs can be
labelled with a specific dye, so that a specific color can be attributed to the presence of a
particular nucleotide or base.

After electrophoresis, we don't even have to 'read’ the sequence from the gel.
The computer does that for us. After electrophoresis the colored bands can be monitored
using UV-laser beams. The laser beams excite the fluorescent dyes and result in the
emission of specific spectral waves (colored light), which are recorded by a specific
photoelectric device. The data thus generated is fed to a computer, where the emission
data from the gel is converted into a corresponding nucleotide sequence of the DNA
sample. The nucleotide sequence is also represented in specific peaks indicating each

nitrogen base.
26.3 DNA analysis

The process of matching an unknown sample of DNA with a known sample to
see if they correspond, is called DNA profiling.

This is also sometimes referred to as DNA fingerprinting because there are
some similarities with identifying fingerprints, but the techniques are very different (it i
also called DNA testing/ DNA typing).

If, after separation by gel electrophoresis, the pattern of bands formed by two
samples of DNA fragments is identical, it means that both must have come from the same
individual. If the pattern is similar, it means that two individuals are probably related

Thus this technique is employed by forensic scientists to assjst = th
identification of individuals by their respective nucleotide sequence of DNA E

First DNA fingerprint was made by Alec Jeffrey, an English genct; Cist1085

e ——— .
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26.3.1 Use Applications/ Purposes of DNAA nalysis

" DNA fingerprinting can be used in paternity suits when the identity of someone’s
biological father needs to be known for legal reasons.

° At crime scene, forensics specialists can collect samples such as blood or semen,
which contain DNA.

° To identify crime and catastrophe victims.

° To match organ donors with recipients in transplant programs.

s To detect bacteria and other microorganisms that pollute water, air, foed. solt

° Establishment of paternity and other family relationships.

26.3.2 Procedure/ Mechanism of DNA Analysis
There are many procedures that can be used for

DNA analysis. One of the most important methods is
restriction fragment length polymorphism (RFLPs). The | Human share about 98% of
RFLPs (pronounced as Riflips) refers to different sized lh“-;if genes with Ch'";ﬂa“m?é’;
fragments off DN!—} produced by a particular n:s_triction gilia;:;;h Sﬁje&i; F;uaﬂly
enzyme. Following are the key steps of DNA and 18% with E. coli bacteria. ) -
analysis/DNA fingerprinting.
1. Collection of DNA Samples

A very small fraction of DNA is sufficient for analysis because it can be copied for
several times with the help of PCR. Thus DNA can be collected even from a drop of blood

or cell of single hair root, or from single sperm.
The DNA samples can be collected from mummified organisms or from fossils

when evolutionary relationship has to be studied.

Placement of Randomised Fragment Length Polymorphism (RFLPs)
As we know that every person has a unique set of RFLPs because the restriction

site of a particular enzyme is always different in number and distribution in all human on
earth except the monozygotic twins. Therefore, RFLPs of any two persons, when
compared, one can easily analyze their individuality. However, the entire human has 99%
similarity n nucleotide sequence of the‘ir. genomes, this is the only 1% difference in
genome sequence that establishes the indl.v iduality of every person. Placement of RFLPs
s the digestion of DNA samples by a particular restriction enzyme, which produces a set

of different sized DNA fragments (RFLPs).
Separations of RFLPs

The DNA fragments are then electrophmiesed ontwotypesofgel. An agarose gel
size. The mixture of RFLPs is loaded in polyacrylamide gel and run
Fragments of various lengths begin to move at different rates from

397

to separate them by
for electrophoresis.




negative ment is stopped, the gel is

&2 [ﬂ" pi}.ﬁiliw: pi}le \ﬂriihin Ih-.’.‘ gci “rhﬂn thl: moxe
proceeded for fu rther treatments in order to observe banding pattern.

This method was invented by British biologist Edwin southern. A southern blot is

amethod routinely used in molecular biology for detection ofaspecific DNAsequence in‘
DNA samples. Souther blotting is the combination of two types i.e. transter o
L‘]Eﬂll’l’!p]'lﬂl‘ﬂﬁib-hcpal‘ﬂ[t:'d DNA fragments to a filter membrane and subsequent fragment
detection by probe hybridization. (Fig.26.10)

A‘& \ i The human genome is

f E 'E’E like a book™ which

--l,v‘.-.& — Jouble-sira - contains 23 units (ie.
'QG& - m g leach unit is chromo-|

|

! somes), each unit posse-
| Radioactively 'sses several thousand)
' heled prObe stories (i.e. genes). Each
' story is made up Df'i
' paragraphs called exons,
which are interrupted by
advertisements called
introns. Each word
\written in letters are
called bases, which are

D, _ renove .‘1.'?:‘.::.-:'.: 1c thymine, guanine,
lyping by exposure with probe, cytosine and adenine

to X-ray [1lm probe MOuNHe \,(LTGCJQI.).

Fig. 26.10: Southern Blotting

Autoradiography

After hybridization, excess probes are washed from the membrane, and the
pattern of hybridization is visualized on X-ray_film by exposing the membrane to an X-
ray source. This technique is known as autoradiography. The banding pattern, which
was originally obtained in the gel due to the separation of RFLPs, is now developed on an

X-ray film,

6.4 Genome Maps P .

As you know gene is the basic unit of biological information. Hereditary
characteristics pass from parents {0 ofispring through genes in their gametes. The
collection of all the genes found in one complete set of chromosome is calleq genome.
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The haploid organism or egg and sperm have one copies of genome while diploid

organism (cell) contains two copies of genome.
Genome Analyses
Jew sub branch 0 f biotechnology

Forthes : . Lt .
e study of genome of various organisms, a1
of complete

has been created called genomics which deals with exploration and analysis
DNA sequence of an organism's genome. The genome of Haemophilus influenzae Was
published in 1995 ) ;

Frederick Sanger also sequenced the first bacteriophage
also launched in 1990. Thus so far the genomes of many organisms hav
by the new branch of biotechnology. )

genome. The project was
¢ been described

Genome Maps

The genome analysis helps us to develop two broad categories of maps i.e.
genetics maps and physical maps. The genetic maps exhibit the sequence of gene loci
along the length of DNA. The physical mapping 18 used to find the order and physical
distance between DNA base pairs by DNA markers. This technique can determine the
sequence of DNA base pair with high accuracy.
Genetic markers

The genetic maps have landmarks called ge

number of tandem repeats (short tandem repeats and single nucleotide polymorphism).
These genetic markers are useful for generating genetics maps when there are occasional,
predictable mutations that occur during meiosis. Over many generations, lead to a high
iability in the DNA content ofthe marker from individual to individual.

netic markers, contain variable

degree of var

26.4.1 Human Genome Project (HGP)

[n 1990, international cooperative venture called the
human genome project (HGP) set out to sequence the complete
human genome because the genome of an organism is a
catalogue of the bases. HGP hoped to determine the order of all
the bases A, T, C and G in human DNA. This project was
originally founded by the U.S. Department of Energy and
National institutes of health. They have established National
Genome Research institute (NHGRI), who

Human :

completed this task in 2003, the first director of NHGRI was

James D. Watson later this institute was beingled by Dr. Francis

Collin. This institute was first founded by US government later !
«“Welcome Trust” of UK became 2 major partner, additional Fig.26.11:

on James Whatson

contributions for china, Franc¢, Japan, Germany and others. In




2003, the project announced that it had succeeded in achieving its goal. Uhd 0t 000
know that human genome comprises 3.22 billion nucleotides and approximately ZU,
t025,000 genes,

26.4.2 Major Goals of Human Genome Project
The goals and objectives of HGP were as under:
o Toidentify al] the approximately 20,000 to 25,000 genes in human genome.
> To determine the sequences of the chemical base pairs those, make up human
DNA which are about 3.22 billion.
To store this information in database.
® Improve tools for data analysis.
Transfer related technologies to the private sector, and address the ethical, legal, and
social issues (ELSI) that may arise from the project.
Benefits of HGP
Some potential benefits from human genome project are expected in the following
fields:

Molecular Medicine

° Improved diagnosis of diseases.

. Earlier detection of genetic predisposition to certain diseases.
e Rational drug design.
L]
-]

Gene therapy and control systems for drugs.
Pharmacogenomicsi.e. study how genes affect a person's response to drugs.

26.5 Tissue Culture

Tissue culture is the growth of a tissue in an artificial liquid culture medium, In
1902, the German botanist Gottlieb Haberlandt revealed that plant cells are totipotent,
i.e. each cell has the full genetic potential of the organism, Its mean a single cell could
become a complete plant. But it wasn't until 1958 that British botanist F.C. Steward
grew a complete carrot plant from a tiny piece of phloem. He provided the cells with
sugars, minerals and vitamins, but he also added coconut milk. (Later it was discovered
that coconut milk contains the plant hormone cytokinin). When the cultured cellg began
dividing, they produced a callus (an undifferentiated group of cells), which later
differentiated into shoot, root and developed into complete plans. The initial plan; part
which is used to develop tissue culture is known as explants. It may be 5 single cell
(protoplast) a piece of tissue or complete organ (seed, leafand twig). Thus on the basis of
explants tissue culture is varinus‘ly c;falled cell culture or organ culture, p
young plants that developed during .trssue culture, Micrn-prupagaﬁ“n S0
culture techniques. It is the production of a large number of plants from 5

material.
362
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dCriVedﬁf{;:;t:ii?.lm]br}-ﬂgﬂ:.lesm is an arﬁﬁcial process in which a plant or embryo is
ot Bormalls ilhwoglf ::iﬂmatic cell. Somatic embryos are fo.nned ﬁfom plant cel?s that are
endosperm or seéd ¥ _mfthf-‘ development of e.mbr;.'os. i.e. ordinary plant tissue. No
The lants ! foat IS c:r.m::d around a somatic ef'.nb;}’c:'. . 5
ffﬂmpwhicbhf}ﬁd'—;ﬁd, ﬁ‘ﬂfﬂ tissue culture are genetically identical to the original p.lant
g inditatcdy[h;; i:il"l‘l_*j-’rp.so they are called soma clﬂnEs._Buladnu.mbemfobsen*atmns

is is not the case, sometime genetic varation observed among
progeny of plants regenerated from somatic cells cultured in virro. This is called soma
clonal variation.

lefereflces between Cell culture and Organ Culture
| 1(,1311 culture is a technique where cells are artificially grown under laboratory
conditions (in vitro). While organ culture deals with the culture of the isolated organs
such as root, stem, anther, efc.
Under laboratory condition (in vitro). There are different names for organ culture
depending upon the organ utilized for the culture.

26.5.1 Methods of Tissue Culture
Many methods of tissue
culture have been developed which
are primarily based upon type of
explants used such as meristem,
anther, ovary, embryo culture, callus
culture and suspension culture. efc.

Meristem Culture

Meristems are tissues in plants
that consist of undifferentiated cells
capable of rapid cell division. A tissue
culture in which meristems are used
is called meristem culture. Tissue
culture technique have by now led to
micro-propagation, Or commercial
method of producing thou-sands,
even millions of identical seedlings in
limited amount of space- The correct
proportions of auxins and cytuk_inin _
are added to a liquid medium with a e e il
single root tip, many new shoots

Explant

Explant in

nutrient
media

Callus




develop from a single shoot tip. When these are removed more shoots form. Fh-‘:_
advantage of meristem culture is that it is germ free (devoid of viruses) due to 3b5“-“_“3€ '3""1
vascular system in them, as the vascular system has prime importance in the travelling of
viruses through the body. (Fig.26.12) i

Anther Culture Technique ,

In this technique mature anthers are cultured in a medium containing vitamins and
growth regulators the haploid tube cells within the pollen grains divide, producing pro-
embryos consisting of as many as 20-40 cells. When the pollen grains rupture releasing
haploid embryos. The experimenter can now generate a haploid plant, or chemical agent
can be added that encourage chromosomal doubling. After chromosomal dﬂubling the
resulting plants are diploid but homozygous for all their alleles. Anther culture is a direct
way to produce plants that express recessive alleles. If the recessive alleles govern
desirable traits, the plants have these traits.

Differences between Callus Culture and Cell Suspension Culture
Callus Culture: Callus is formed by the p—
proliferation of the parent tissue. The cells _—
of a callus are parenchymatous, amorphous
and unorganized. The culture of callus in an
appropriate medium is called callus
culture. It can be used to initiate cell

suspensions. (F1g.26.13) \ G

Cell Suspension Culture: In this
technique, rapidly growing cultures are cut
into small pieces and shaken in a liquid
nutrient medium so that single cellsor

small clumps of cells break off and form a Callus Culture

: will produce the ;
suspension. These cells l' P Further culturing
same chemicals as the entire plant. For regenerated new plantles
example, cell suspension culture of Fig.26.13: Callus Culture

Cinchona ledgeriana Produce quilfliltle . T3
and those of Digitalis lanata produce digitoxin. Scientists imagine that it will be possible

to maintain cell suspension cultures in bioreactors for the purpose of producing
chemicals used in the production of drugs, cosmetics and agricultural chemicals,

Protoplasts Culture: - A'piant cell with removed cell wall is called protoplast. It is
commonly isolated from either leaf mesophyll cells or cel] suspensions. Protoplast
culture can be used to develop whole plant by somatie embryogenesis (synthetic




embryos that developed from somatic cells). Genetic variation can also be induced in
these somatic embryos, if they are exposed to chemical of physical mutagens. These
variations are known as soma clonal variations. Protoplasts also act as ideal targets for
transformation by a variety of means.

Embryo Culture: - Itis the culture of mature embryos; ZYg0te orseed embryos thatare
often used as explants in plant tissue cultures. This embryo develops properly when
nourishing tissues, endosperms were present in seed during the development.

Ovary Culture: - This culture is the in vitro technique which is carried outside on a
suitable nutrient medium in an unpollinated flower o grow new haploid plants. The
process of ovary culture is referring as gynogenesis. The gynogenesis orovary culture is
based on the regeneration principles, where an ovary can regenerate into a fully
differentiated plant.

76.5.2 Methods of Animal Cell Culture
The biotechnological processes are helpful to culture the anim

media but unlike plant and bacterial cells, these cells can grow only to a limited
generation. The growth (division) of cells also depends on the source af the tissue
isolated, such as some cell cannot divide and grow e.g. nerve cells. lens cells while some
other can repeatedly divides and grow to limited generation e.g. fibroblast. The cultured
cells are being used in variety of process e.g. in recombinant DNA technology, a variety
of industrial processes (vaccing, monoclonal antibiotics and drugs production), genetic
manipulation, cancer research, efc.
Techniques of Animal Cell Culture

We can use plastic containers to culture animal cells. A cell culture which is

initiated by the cells isolated from a tissue or animal's organ is known as primary cell
culture. If primary culture is sub cultured in fresh media to establish secondary

cultures, it is called secondary culture or cell line.
The culture of native tissue that retains most of the in vivo histological features is

regarded as organ culture while the culture of the cells for their reaggregation to form a
tissue like structure represents histotypic culture. The culture of different cell types to

form tissue or organ iscalled organotypic culture.
A special incubator < needed for animal cell culture that has capacity to maittainilevel of

carbon dioxide, 0Xygen, temperature and all other substances which are necessary for

this purpose.
There are

and anchorage independent.

al cells in artificial

-

(wo different patterns of animal cell growth i.e. anchorage dependent




Anchorage dependence can be defined as an increase in proliferation which is
seen when cells are allowed to attach to a solid surface.

Anchorage independence is a condition in which a cell maintains its capacity to
spread, divide and function despite of absence of a stable or inert surface to anchor with.

Applications of Animal/ Tissue Culture

The animal cell cultures are used to:

Produce antiviral vaccines / pharmaceutical drugs using for cell lines.
Amniocentesis (i.e. chromosomal analysis of fetus for various diseases).
Produce monoclonal antibodies required for cell lines in culture.

Helpful to study the function of the cell neurons.

Use ofartificial skin.

Culture tumor cells, to know whether benign or cancerous tumor.

° Toknow the effects of toxins and pollutants using cell lines.

26.6 Transgenic Organisms (Bacteria Plants and Animals)

Modern genetic technology can be used to modify the genomes of living
organisms. This process is also called genetic engineering. Gene of one species can be
modified, or gene can be transplanted from one species to another. The organisms that
have altered genomes are known as transgenic.

Bacteria were the first transgenic organisms produced in 1973, since then many
other transgenic organisms (plants and animals) are produced by this method.

26.6.1 Transgenic Bacteria
Herbert Boyer (1978), University of California was able to produce first
transgenic bacterium (E. coli). He inserted human insulin gene in it. The bacteria

Agrobacterium
tumefaciens
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synthesized human insulin “in Vats™. Later many other human genes and genes for
medicine were inserted in their plasmid or directly to their nuclear chromosome to get

desirable products. (Fig.26.14)

. Formation of Ice Crystal: A strain of bacteria, named Pseudomonas
syringae, commonly called ice plus bacteria, they have certain surface protein (ice-
nucleation —active protein (INA protein) on their outer cell wall, which promotes ice
crystal formation. Now a new strain of bacteria called ice minus in which gene encoding
INA protein is removed, thus their surface lack INA “protein”, therefore, provides a less
favorable environment for ice formation. Now plants can be protected from cold stress if
these bacteria are thrown on their surface.

° Bioreactors: Recombinant DNA technology is used to produce bacteria that
reproduce in large vats called Bioreactors. If the foreign gene is replicated and actively
expressed a large amount of protein products can be obtained.

° Biotechnology products: Many biotechnology products are made by
transgenic bacteria, such as insulin, human growth hormone, clotting protein for
haemophilia (haemophilia factor VII), hepatitis B vaccine. interferon (to treat viral
infections), tissue plasminogen activator (tPA) to dissolve blood clot (used by heart
patients).

° Anti-insect toxin: Bacteria that normally colonize the roots of corn plants have
now been endowed with gene (from another bacterium) that code for an insect toxin. The
toxin protects the roots from insects.

° Cleaning up Beaches after Oil Spills: Bacteria can be selected for their
ability to grade a particular substance and this ability can be enhanced by genetic
engineering e.g. naturally occurring bacteria may be changed to engineer bacteria which
can clean up beaches after oil spills.

° Importance of transgenic bacteria in industry: Bacteria can be used by
biofilters to prevent air born chemical pollutants from being vented into the air.
Transgenic bacteria can also remove sulphur from coal before it is burned and help to

clean up toxic waste dumps. One such bacteria was given genes that allowed it to clean up
levels of toxin that would have killed other bacteria. Further these bacteria were given

“suicide genes” that caused them to self-destruction when job had been completed.

° Synthesis of organic chemicals: Organic chemicals are often synthesized by
having catalyst act on precursor molecules or by using bacteria to carry out the synthesis.
Today, it is possible to manipulate genes that code for these enzymes. Biochemists
discovered a strain of bacteria that is especially good for producing phenylalanine which
is needed to make aspartame. Aspartame is dipeptide sweetener called as “Nutra
Sweet”. They isolated, altered and formed a vector for appropriate genes so that various
bacteria could be genetically engineered to produce phenylalanine. :




. Extraction of Metals: Many major mining companies already use bacteria 1o

obtain various metals. Genetic engineering may enhance the ability of bacteria to extr
copper, gold and uranium from low grade ore sources.
°

act

Bioleaching: Some mining companies are testing genetically engineered
organisms that have improved bioleaching capabilities.

Ecological Concerns Surrou nding Transgenic Bacteria

There are some ecological concerns also associated with transgenic bacteria. Their uses
may create serious hazard, such as if cancer cell genes were transferred into micro-
organisms, antibiotic resistance may develop in many bacteria and some bacteria create

pollution. Thus these transgenic bacteria can disturb the natural environment if their
number exceed limits.

26.6.2 Transgenic Plants

The first transgenic plants (Tobacco plants) were made and cultivated in France
and USA in 1986. In these tobacco plants herbicide resistant genes were inserted. In most
cases to produce transgenic plants, the aim is to produce a new trait to the plant which
does not occur naturally in the species. These plants can overcome environmental
problems thus grow more successful ly than natural species.

Methods of gene transformation in plants
Many techniques have been developed to introduc

choice into immature plant embryos or into plant cells. In
wall of plant cells are removed, called protoplast cells.

Electroporation method

e foreign genes or gene of
all these techniques the cell

The protoplasts of plant cells are treated with an electric current while they are
suspended in a liquid containing foreign DNA. The electric current makes tiny self-
sealing holes in the plasma membrane through which foreign gene (DNA) can enter into

cytoplasm and then to the nucleus of plant cell. This transgenic protoplast will develop
- intoacomplete plant.

Agrobacterium mediated transformation

In this technique, foreign DNA is inserted into the tumour inducing plasmid (Ti
plasmid) of the bacterium, Agrobacterium tumefaciens. The plasmid of this pathogenic
plant bacterium is widely used to produce recombinant DNA, therefore, known as
natural genetic engineering of plants,

These bacteria have natural ability to insert T- DNA (Transfer DNA) of their
plasmid into plant genome when they cause infection to plant at wound site. The T-DNA
contains genes for auxin production, therefore, the infected plant cells are compelled to
divide and redivide to produce a tumour often called gall (causes crown gall disease).
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mour inducing plasmid in
fect the plants. the genes
formed cells can be

The gene of choice is cloned in the T. DNA region oftui
place of unwanted sequences. When these transgenic bactena In
of choice are entered into the nucleus .of host cell. The trans

regenerated into whole plants.

Particle Gun =

In 1987. John C Sanford and Theodore M. Klein of Cornell University
developed another method of introducing DNA into a plant tissue cultqrc callus. They
constructed a device, called the particle gun which bombards a callus with DNA coated
microscopic metal (gold or tungsten), then genetically altered somatic embryos (l:h::vclup
into genetically altered adult plants. Many plants including corn and wheat varieties have
been genetically engineered by this method. (Fig.26.15)

Aprobacterium fhethod Particle gun method
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Fig. 26.15: Particle Gun Transformation




Advantages of Transgenic Plants d e
. Resistance to pest: Foreign genes transferred to cotton, corm and potato straing

have made these plants resistant to pests because their cells now produce toxin

against insects, e.g. Cotton, maiz.

o Resistance to Herbicide: Transgenic soybeans are resistant to herbicides.
Some corn and cotton plants are also herbicide resistant. e.g. Grasses in lawn,
® Increase in protein, oil and starch contents: Improvements still to come for

Increase protein or starch content and modified oil or amino acid composition, e, g.
Soya bean, potato, canola, maiz, golden rice.

. Transgenic Wheat and Rice Versions: Tomeetthe i increasing demand ofrice,
wheat and corn agribusiness, companies are trying to develop transgenic wheat
and rice in addition to corn.

@ Green Revolution: World grain harvests have continued to rise since the 1960's.
when special high-yield hybrid plants were developed during so called green
revolution,

26.6.3 Transgenic Animals

The animals that have been genetically altered (carry foreign genes) using the
techniques of genetic engineering are known as transgenic animals.

The three methods of developing transgenic animals are:

i) By micro- injection: This technique has been developed to insert foreign gene
. Into the eggs of animals through micro-injection. Then the fertilized egg is transferred
into the oviduct of female to implant, e.g. Dolly sheep. (Fig.26. 16)

Human Microinjection of human gene
for growth

hormone "‘\
> Donor of egg .
Development within Alpha-1- Antitrypsin (AAT
& host goat produced in liver, protects

lungs from infections. Iis
| deficiency causes resplmtﬁr'jr

d dlseases =
I;;:ur::}r:—- Transgenic goal produces
o 8 human growth hormone

Milk
£ig. 26.16: Formation of Transgenic Goat




i) Vortex Mixing: In this method the egg is placed in an agitator with DNA and
silicon-carbide needle; and the needles make tiny holes through which tl'.u: DNA can
enter. When these eggs are fertilized. the resulting offspring are transgenic animals.

iii) Retrovirus-Mediated Gene Transfer: In this method retroviruses are
commonly used as vectors to transfer genetic material into the cells of blastocyst in vitro
conditions. The blastocyst is then implanted into the womb of the female animal. Thus

the resulting offspring is transgenic animal.

2 i F(Genetic ?'tgﬁ{|]t~4_-;'L't| Farm Animals

I v w e
0.0.4 Importance ol LEnd
Genetic engineering has also been used to produce bovine growth hormone,
animals e.g. larger fishes,

which are inserted into the animal's eggs to produce large size
cows, pigs and sheep. Genetically engineered fishes are now being kept in ponds that
offer no escape to wild because there is much concern that they will upset or destroy

natural ecosystem.

In addition, the transgenic animals are also used to produce
(drugs for the treatment of cystic fibrosis, cancer, blood disease) such transgenic
are called transpharmer animals.

The genes that are code for therapeutically and diagnostic proteins are
incorporated into animal's DNA and the proteins appear in animal's milk e.g.
Antithrombin III (hAT) for blood clot during surgery, which prevent blood clot,

production of human growth hormone in mice, which excrete it in their urine.
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26.7 Biotechnology and Healthcare

T
et lop i s atont umin md [

. < protein that helps to protect
other organisms body but sometime goes wrong when | the body from infections and
problems arise from it. Biotechnology has made great |strengthens the immune
difference in our health care. It also has enable the |system. This is found in
to develop products which fulfil our needs, |human tears and lung

pharmaceuticals
animals

researchers .
safer vaccine and medicines. secretion, protect them, from
infection. Now these are

76.7.1 Development of vaccine in produced by transpharmer
biotechnology \animals. W

There are three different ways are used in the development of vaccine:

a) Separation of a pure antigen using a specific monoclonal antibody, which is used
for developing vaccine against pathogen.

b) Synthesis of an antigen with the help of a cloned gene or from cDNA.

e) Synthesis of peptides to be used as vaccines (protein region of pathcgen for

immune genic response).




26.7.2 Roleof Biotechnology in diagnosis of diseases

Several human diseases can be diagnosed by using biotechnology products, such
a4s monoclonal antibodies and DNA/RNA probes.
Monoclonal Antibodies

The response of the Immune system to any antigen, even the simplest, is
polyclonal: monoclonal antibodies (mAB) are a group of identical antibodies because
they are made by identical immune cells which are all clones ofa unique parent cell.

It is possible to produce monoclonal antibodies that specifically bind to the
substance; they can then serve to detect or purify that substance. They can also help to
diagnose a wide variety of illnesses; can detect the presence of drugs, viral, bacterial
products, and other unusual or abnormal substances in the blood. Monoclonal antibodies
are typically made by fusing myeloma cells (cancerous B-lymphocytes) with the spleen

cells from a mouse that has been immunized with the desired antigen. The technique is
called somatic cell hybridization

B R i AERLERRRERIRARARARY
A probe (in biotechnology) is a lﬁymhcsis
florescent or radioactive labelled piece of I I I I l—'——l—l—l

DNA or RNA of variable length (usually \ Hybridization /
100-1000 bases long), that is used in

; ntaty t6 the seqiience in thetarget: 4 L LU LUV ETVTTTTTRTTTA
complementary to the sequence in the target
DN}E'. These }]’“rmhcs ;-ui widely used in L-LLL[ L_LLLl
diagnosis of many microbial diseases. Some Fie. 2617 ’
specific DNA/RNA probes are useful to detect prenatal diseases, e.g. Short tandom
Repeats (STR).
Diagnosis of diseases caused by protozoa and helminths
The monoclonal antibodies and DNA probes are being used as very sensitive tools
in biotechnology to diagnose the diseases caused by protozoa and helminths.
‘Monoclonal antibodies can be used through serological tests which takes only minutes as
‘compared to conventional methods which require some weeks, as the bacteria and
viruses have to be cultured e.g. in Herpes virus.
The DNA probes are more sensitive than monoclonal antibodies and the process
takes hours instead of weeks. Ready made DNA probes for herpes virus and other human,

‘animal and plant viruses are being prepared. Probes are now available for a number of
‘human parasites from the group protozoa and helminths e.g. polio, hepatitis, erc.

I

26.7.3 GeneTherapy
It is a technique to replace defective

disease development. There are many approac

genes (by normal genes) responsible for
hes for correcting defective genes such as:




. A normal gene may be
inserted into a non-specific
location within the genome
to replace a non-functional
gene. This approach is most
common. Normal

2. An abnormal gene could be #
swapped for a normal gene  Retrovirus

Recombinant
RNA

through homo-logous re- - 0
combination. (2] 9 - il

3. The abnormal gene could be L‘:I:f_'f“‘“
repaired through selective b e L S T

reverse mutation, which
returns the gene to its normal function.

4. The regulation (the degree to which a gene
could be altered. (Fig.26.17)

Mechanism of gene therapy

This technique is done either “in vivo” or*
delivered directly into the body, while in vitro into the cells outside the body. These
transgenic cells are again implanted into the body in both cases. A “normal gene” is
inserted into the genome to replace an “abnormal gene, diseases-causing gene”, A carrier
molecule called a vector must be used to deliver the therapeutic gene to the patient's target
cells. The virus is most common vector which has been genetically altered to carry
normal human DNA. Viruses have evolved a way of encapsulating and delivering their
genes to human cells in a pathogenic manner. Scientists have tried to take advantage of
this capability and manipulate the virus genome (o remove disease causing genes and
insert therapeutic genes. Besides, virus mediated gene delivery system, some, non-viral
approaches are also used i.e. creation of an artificial lipid sphere with an aqueous core
This liposome, which carries the therapeutic DNA, is capable of passing the DNA

through the target cell membrane.

i turned on or off) of a particular gene

‘ox vivo™. During in vivo, the gene is

26.7.4 Cystic Fibrosis
It is an inherited disease, affects the mucus and sweat glands. The affected p;.:r o

with severe symptoms can have serious lung and digestive problems, while person with :
mild form of the disease shows symptoms of disease after adolescence. The mucus o

normal person is watery, w}Eich ‘keeps' the linings of certain organs moist and prevent
them from drying out or getting infected. However, the cause of cystic fibrosis (CF) is :
defect in the Cystic Fibrosis Transmembrane Conductance Regulator (CFTR) gen

that encodeés a protein by which the movement of salt and water is controlled in and out o




cells. In cystic fibrosis patient, the  Treches Smooth Tachealis muscle
gene does not work properly, thus i

the cells that line the passageways
of the lungs, oviduct, pancreas,
and other organs produce
abnormally thick, sticky mucus.
This thick mucus causes obstruc-
tion to air ways, ducts and glands
due to deposition of mucus, which
is characteristic sign and symp-
tom of cystic fibrosis. (Fig.26. 1 8)

W L e Y
Mucus -8 —a)

Cystic Fibrosis

Gene Therapy of Cystic Fibrosis
The cystic fibrosis genes were identified in 1989, and were named as the CFTR,

The discovery of this defective gene help scientists that it can be treated by gene therapy,
Gene therapy is the process of creating a healthy version of the flawed CFTR gene and

Normal gene
(DNA sequence)
inﬁ;:rl':::j into
harmless virus (AVV)

@>od B )

Normal human Virus dripped info

gene cloned in  lung through a
bacterium thin tube inserted
in the nose

Virus enters
lung cell
nucleus

~Nucleus

Lung cell

Normal gene

(DNA sﬁﬂ”“““}

mnserted into
IunE cell DNA
Y virus

Cell now with normal :

genes function normally
Fig. 26.19: Gene Therapy of Cstic Fibrosis



infusing it into the affected patients. (Fig.26.19)
Importance of Biotech nology

. Biotechnology emerged as new discipline during 1970s. Although biotechnology
IS not §purc science, but an integration of biological science with technology created
revolution in human life. Biotechnology is defined by different organizations in different
ways. It has been broadly defined as, “the devctof;mcut and utilization of biological
processes, forms and systems for obtaining maximum benefits to human and other forms
nf'lii'e“. Biotechnology is “the science Dfrapplied biological processes’’. Importance of
biotechnology is highlighted in the following fields.

Biochips and Biological Computers

Biochips are the result of combination of microchips business with
biotechnology. In future, there is the possibility of developing of biological computers.
The formation and use of biochips is a major thrust of the rapidly growing biotechnology
industry, which encompasses a very diverse range of research efforts including
genomics, proteomics, computational biology, and pharmaceuticals, among other
activities.

It reveals. the complex biochemical processes occurring inside cells, with the
larger goal of understanding and treating human diseases. At the same time, the
semiconductor industry has been steadily perfecting the science of
microminiaturization. The merging of these two fields in recent years has enabled
biotechnologists to begin packing their traditionally bulky sensing tools into smaller and
smaller spaces, onto so-called biochips. These chips are essentially miniaturized
laboratories that can perform hundreds or thousands of simultaneous biochemical
reactions. Biochips enable researchers 10 quickly screen large numbers of biological
analytes for a variety of purposes, from disease diagnosis to detection of bioterrorism
agents.

Biofertilizers:- [n recent years, Usc of microbial inoculants as a source of biofertilizers
(nutrient inputs of biological origin for plant grqufth} t‘ms become a hope for most of
countries, as far as economic and environmental viewpoints are concerned. Biologically
fixed nitrogen is such a source which can supply an adequate amount of nitrogen to plants
and other nutrients to some extent. It is a non-hazardous way of fertilization of field.
Moreover, biologically fixed nitrogen consumes about 25 percent to 30 percent less
energy than normally done by chemical process.

Nanotechnology:- A new and exciting sub-branch requiring biotechnologists is the

field of nanotechnology. Nanotechnology gives us the capability to engineer the tiniest
of obijects, things at the molecular level. Nanotechnology includes the study and




Manipulation of materials between | and 100 nanometres. Nanotechnologists are
Imparting their expeftise in the development of such Nano particles that can be used for
eflicient drug delivery at the target cells and in the diagnoses of disease.
Scope of Biotechnolo 2Y: - Thebiotechnology is the fastest growing field in the area of
research and development. It is also called a technology of the future or technology of
tomorrow because of its unprecedented impacts on the mankind and the universe as g
whole.

Due to its interrelation with other fields such as industry, agriculture, computers,
efc. it is going to create amazing opportunities for manipulating the biological systems
and thereby understanding the mysteries of fundamental life process.

Students of biotechnology after completing their studies can have scope in the
following fields:

. Communication s/media-reporting, writing editing, erc.

. Computer science-data base development, bioin formatics, web site
development, ezc,

° Pharmaceutical companies /. ¢. drug development.

® Genetic engineering working in bioprocess chambers, instrumentation
development, fermentation technology.

® Research e.g. cancer, genetically linked diseases. AIDS.

° Diagnostic laboratories funded by public and private sectors.

e Waste management, bio-monitoring bodies and pollution control boards.

o Medicine - The medical genetics, genetic counselling, gene therapy and gene
testing, uses biotechnological tools.

s Bio power plants, e.g. There are many types of bio power plants including corn,
sugar cane and bamboo, ere.

. Bio-processing industry e.g. enzyme technology, Paper technology, metabolic

engineering, protein engineering, food processing, efc.

. Agriculture and animal husbandry, Anima] husbandry is the branch of
agriculture concerned with animals that are raised for meet, fiber, milk, eggs, ec.

= Legal field involving issues related to intellectyal Property rights, patency, and
copyrights related to the field of biotechnology. The issues related to Genetic and
Paternity testing also requires the combined expertise of biotechnolngist and a law
expert.

" Military - With the fear of Biological warfare looming largely on the human
civilization, a biotechnologist is needed in pathogen identification, in the

development of protection against the chemical and biological warfare, and in
conducting the risk assessment studies.




. Crime and law - With the use of DNA finger printing in forensic science it has
become easy to create a data bank of the criminals and thereby catch the culpnts
faster.

Social/Ethical Implications of using Biotechnology

The field of biotechnology has had a lot of beneficial contribution in the area of
healthca.re, agriculture, food production, manufacture of industrial enzymes, and
appropriate environmental management. However, the advancement in this field has also
led to some concerns and controversies raised by a number of groups, None
Governmental Organizations (NGOs), efc. ELSI is the short form to represent the
ethical, legal, and social implications of bictechnology. ELSI broadly covers the
relationship between biotechnology and society with particular reference to ethical and
legal aspects.

Concerns about the genetically Modified Organisms (GMOs)

There are concerns regarding the biosafety, ethics and issues related to the release
of GMOs in the environment. Many countries and NGOs have opposed the release of the
GMOs due to several reasons. In order to address these issues, the United Nations has
built up an informal working Group on biosafety. In 1991, this group prepared the
“voluntary code of conduct for the release of organism into the environment”. The main
areas of consideration for safety aspects in biotechnology are the following:

o To dispose of spend microbial biomass and purify the effluents from
biotechnological processes.
o The toxicity of the allergy associated with microbial production.
° To deal with the increase in the number of antibiotic resistant pathogenic
microorganisms.
. To evaluate the pathogenicity of the genetically engineered microorganisms to

infect humans, plants and animals.
To prevent contamination, infection or mutation of the processed strains.

The evaluation of the interaction of the genetically engineered microbes with the
elements of natural environment.

Biological Warfare . ' ;
Most of the countries of the world are signatories 1o the Biological Weapons

Conventions of 1972. As a signatory, it is a ‘-’“hf“ta"}’ pledge by a nation “Never to
produce microbial or other biological agents or toxins, whatever may b_E: their method of
production, for use in wars. However, many pf:ﬂiplﬂ have EKPI'F—:SSEG their concerns about
the possible use of genetic manipulations for military purposes in the near future.

Intellectual Property
With the fast pace developmen

t in the field of biotechnology, the issues related to
am
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legal characterization and the treatment of trade related Interesting
biotechnological processes and products are of immense “”"l -
importance. These are popularly known as Intellectual E:::ﬁ 3;“::3:;1‘:5& :k,,k_. . hj
Property. Intellectual property includes patents, :,,,-m;;:ruml hnd'ic::»ui'x-};n;r'. {
trade secrets, copyrights, and trademarks. Intellectual Red Biotechnology: It i
property Rights (IPR) is a collective term applied to a | medical biotechnology.
number of different types of legal rights granted by each |Green Biotechnology: It s
country. The rights to protect this property prohibit \lhe plant biotechnology. )
others from making, copying, using or selling the

proprietary subject matter.

In biotechnology, the intellectual property covers the processes and products
which result from the development of genetic engineering techniques through the use
of restriction €nzymes to create recombinant DNA. Another example of intellectual
property is the development of crop varicties which are protected through “Plant
Breeder's Rights or PBRs. The PBRs ensure that the plant breeder who developed a
particular variety gets the exclusive rights for marketing the variety.

| Science, Tt

Describe the applications of polymerase chain reaction (PCR).
Application of PCR: PCR has application in almost all areas of molecular biology,
genetics and in clinical areas.

* PCR is an efficient diagnostic technique used for the
infectious agents e.g. HBV, HCV. HIV.

e Itisalso used for the detection of microorganisms in food sam

+ environment with the help of species-specific primers.

® PCR can also be used for genome analysis and for generating markers for the
construction of genetic and physical maps of organisms.

® Thereis the PCR-based cDNA synthesis known as RT-PCR (reverse transcriptase-
PCR), which can be directly carried out with purified mRNA .

Reactions for DNA sequencing are also simplified by introducing the PCR method.
PCR has also shown its impact in criminology. The DNA of the suspects and the
DNA sample recovered from the crime scene can be analysed by PCR techniques
with the help of a set of identical random primers or specific primers.
‘¢ DNA fingerprinting is also made simple by PCR as described above.
The genetic mutations responsible for certain genetic diseases and cancers can
- be'detected using PCR tools. Early detection of genetic disease is even possible
\_Inembryonic conditions or even sex cells-sperm and egg.

378

detection of specific

ples, water and in the

/




The molecular genetics enables us to manipulate genetic material for the welfare
of mankind.

Nanotechnology is the branch of biotechnology that deals with dimensions and
tolerances of less than 100 nanometres especially the manipulation of atoms and
molecules.

Genetic engineering deals with manipulation or alteration in genetic material of a
living thing.

Staggered restriction endonuclease enzymes cut the duplet DNA fragments in
such a way that each piece shows single stranded projected end called sticky ends.
The sticky ends also help the insertion of foreign DNA into vector DNA.

‘The organisms that have had a foreign gene inserted into them are called
genetically engineered (GE), or genetically modified (GM) or transgenic
organism. _

PCR was developed by Kary B. Mullis in 1983. -

Tissue culture is often a genetic term that refers to both organ culture and cell
culture.

A DNA probe means a small single stranded DNA nucleotide sequence that will
hybridize (pair) into certain piece of DNA, may be used to search a genetic library.

The Tag DNA polymerase is a temperature tolerant enzyme isolated from
Thermus aquaticus, a bacterium found in hot spring. It is used for carrying out
PCR reactions.

Biochips are the result of combination of microchips business with biotechnology.
Gene therapy is a technique for correcting defective genes responsible for disease
development. : ' :

The three methods on which mechanism of any DN A analysis sequencing is based
are (i) Sanger-Coulson Methods, Maxim Gilbert Method and automated DNA
sequencing.

Gene cloning is a technique for developing a large number of genes or genetically
identical cells or organisms.

The sign and symptom of Cystic Fibrosis are obstruction of the airways, ducts and
glands due to deposition of mucus. '

A cell culture which is initiated by the cells removed from an animal's organ is
called as primary cell culture. /

' Gel Electrophoresis is a technique used in molecular biology to separate charge

bearing fragments (proteins, nucleic acids) under the influence of electric field

in a solid medium called gel made of agarose and polyacrylamide.
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Select the correct answer.

The enzyme which joints two pieces of DNA is:
(a) DNA polymerase IIl (b) Restriction endonuclease

(c) DNA ligase (d) DNA polymerase |
Antibody made by soybeans can be used as treatment for:
(a) AIDS (b) Herpes Simplex

(c) Genital Herpes (d) Hepatitis
Antithrombin I11 is biotechnical product produced in:
(a) Sheep (b) Goat

(c) Mice (d) Cow

Cell suspension cultures of Di gitalis lanata produce.
(a) Anti-toxin (b) Digitoxin

(¢) Polludrin (d) Quinine

EcoRl is commonly used as

(a) Bacteriophage (b) Gene

(c) Restriction enzymes (d) DNAase
Recombinant DNA is introduced into the host cell by means of

(a) Phage (b) Vector

(c) Bacterium (d) Fungus

The PCR was developed by K. Mullis in

(a) 1970 (b) 1983

(c) 1975 (d) 1978

Taq polymerase is an enzyme present in

(a) Bacteria (b) Protozoans

(c) Algae (d) Helminths

A complete set of genes of an individual is called as
(a) Gene pool (b) Genome

(c) Gene library (d) Recombinant gene

Those organisms which have had a foreign gene into them are called as:

(a) Transgenic (b) Transmuted
(c) Hermaphrodites (d) Polygenesis



14.

The use of transgenic animal to produce phannaceutical is termed as

(a) Gene pharming (b) Antibiotic
(c) Gene therapy (d) Antiviral
Transgenic soybeans are made to resist against
(a) Herbicides (b) Fungicides
(c¢) Insecticides (d) Pesticide

Which of the following is the genetic marker that is used in DNA finger
printing.

(a) Primer (b) Probe
(c) RFLP (d) Intron
RFLP is a (an)

(a) Intron (b) Exon
(¢) Anticodon (d) Codon

B. Fill in the Blanks.

!d

th

=

Recombinant DNA technology is a series of procedures that is used to join
.............. Segments.

First restriction enzyme was discovered in 1970,by ...............

The collection of bacterial clone containing recombinant DNA is called
.............. library.

Human genome COmprises ............. billion nucleotides.
The initial plant part which is used to develop tissue culture is called

Interferonsare usedtotreat .. ........... infections.

A plant, containing foreigngeneiscalled...............
The transgenic animals which produce drugs are also called ..............

animals. . :
DNA molecules with complementary sticky ends associated by

C.  Give the short answers of the following questions.

L
2.
3,

Write the role of restriction endonucleases in gene cloning.

Write note on Taq polymerase.
Briefly describe monoclonal antibodies.



Write short note on callus culture.
Define anther, explain briefly anther culture.
List some applications of animal cell culture.

Write methods of gene transformation in plants.
Define DNA/RNA probes.
[lustrate bio-fertilizers.

Write brief note on nanotechnology.

Explain Hazards and ethical implications of using biotechnology.
List some biotechnological products.

Write the process of the automated DNA sequencing.
Write short note about biochips.

SECTION-III: EXTENSIVE QUESTIONS,

Give detailed answers of the following questions.

I

§ )

Explain method for production of recombinant DNA,

Describe uses of transgenic bacteria.

Write note on components of PCR technique.

Define genomic library and also explain it.

Write a detail note on gel electrophoresis.

Explain Sanger's methods of DNA sequencing techniques.
Describe automated DN A sequencing technique.

Write note on Human genome project. What are its applications?
Define cystic fibrosis, and also describe r
fibrosis.

Explain the scope and importance of biotec
welfare.

ole of gene therapy in cystic

hnology in promoting human




