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DNA Replication

As the final step in the Centra Dogma, to transmit the genetic
information between parents and progeny, the DNA must be replicated
faithfully. Replication is carried out by a complex group of proteins that
unwind the superhelix, unwind the double-stranded DNA helix, and,
using DNA polymerase and its associated proteins, copy or replicate the
master template itself so the cycle can repeat DNA — RNA — protein in
anew generation of cells or organisms.

Transcription

Transcription is the process by which the information contained in a
section of DNA is transferred to a newly assembled piece of messenger
RNA (mRNA). It isfacilitated by RNA polymerase and transcription
factors. In eukaryote cells the primary transcript (pre-mRNA) is often
processed further via alternative splicing. In this process, blocks of
MRNA are cut out and rearranged, to produce different arrangements of
the original sequence.
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Translation

Eventually, this mature mRNA finds its way to a ribosome, where it is
translated. In prokaryotic cells, which have no nuclear compartment, the
process of transcription and translation may be linked together. In
eukaryotic cells, the site of transcription (the cell nucleus) is usually
separated from the site of tranglation (the cytoplasm), so the mRNA must
be transported out of the nucleus into the cytoplasm, where it can be
bound by ribosomes. The mRNA is read by the ribosome as triplet
codons, usualy beginning with an AUG, or initiator methonine codon
downstream of the ribosome binding site. Complexes of initiation factors
and elongation factors bring aminoacylated transfer RNAs (tRNAS) into
the ribosome-mRNA complex, matching the codon in the mRNA to the
anti-codon in the tRNA, thereby adding the correct amino acid in the
sequence encoding the gene. As the amino acids are linked into the
growing peptide chain, they begin folding into the correct conformation.
This folding continues until the nascent polypeptide chains are released
from the ribosome as a mature protein. In some cases the new
polypeptide chain requires additional processing to make a mature
protein. The correct folding process is quite complex and may require
other proteins, called chaperone proteins.

Reversetranscription

Reverse transcription is the transfer of information from RNA to DNA
(the reverse of normal transcription). This is known to occur in the case
of retroviruses, such as HIV, as well as in eukaryotes, in the case of
retrotransposons and telomere synthesis.

RNA replication

RNA replication is the copying of one RNA to another. Many viruses
replicate this way. The enzymes that copy RNA to new RNA, called
RNA-dependent RNA polymerases, are also found in many eukaryotes
where they are involved in RNA silencing.

Direct translation from DNA to protein

Direct translation from DNA to protein has been demonstrated in a cell-
free system (i.e. in a test tube), using extracts from E. coli that contained
ribosomes, but not intact cells. These cell fragments could express
proteins from foreign DNA templates, and neomycin was found to
enhance this effect.
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Genetic engineering (GE), recombinant DNA technology, genetic
modification/manipulation (GM) and gene splicing are terms that are
applied to the direct manipulation of an organism's genes.

Genetic engineering is the process of manipulating genes, usually
outside the organism's normal reproductive process.

Genetic modification of an organism can be achieved through a number
of methods, most notably traditional breeding and recombinant
technologies. It means atering the genes in a living organism to produce
a Genetically M odified Organism (GM O) with a new genotype.

Genetic engineering often involves the isolation, manipulation and re-
introduction of DNA into cells or model organisms, usually to express a
protein. The aim is to introduce new characteristics such as increasing the
yield of a crop species, introducing a novel trait, or producing a new
protein or enzyme. Examples include the production of human insulin
through the use of modified bacteria, the production of erythropoietin in
Chinese Hamster Ovary cells, and the production of new types of
experimental mice such as the OncoMouse (cancer mouse) for research,
through genetic redesign.

Nucleases

A nuclease is an enzyme capable of cleaving the phosphodiester bonds
between the nucleotide subunits of nucleic acids. It can cleave DNA or
RNA strand. Nucleases are further classified into exonucleases and
endonucleases. The term " endonuclease” applies to a nuclease that break
nucleic acid chains somewhere in the interior, rather than at the ends, of
DNA molecule, while the term "exonuclease" applies to a nuclease that
functions by removing nucleotides from the ends of the DNA molecule.

Nucleases can classified into:
1) Nucleases that can cleave both DNA or RNA
2) Deoxyribinuclease (DNAse) that can cleave DNA only
3) Ribonuclease (RNAse) that can cleave RNA only.

All the three types can be either endonuclease or exonuclease.

Endonucleases can cut the two strands of DNA at the same point and this
is called (Single-hit mechanism) and blunt ends will formed or they can
cut one strand of DNA then move several bases before cutting the other
strand and this is called (double-hit mechanisms) and cohesive sticky
ends 4> wlle are formed.
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Genetically modified or ganisms (GM Os)

GMO is defining as "an organism with changes made within its genome
such as amplification or deletion of genes”.

Or

GMO is "an organism whose genetic material has been altered using the
genetic engineering techniques®.

GMOs is known aso as GEOs (Genetically Engineered Organisms).
Various kinds of genetic modification are possible. If a scientist inserts a
foreign gene from one species into the genome of another species, then a
(transgenic organism) is formed. Other kinds of alternations are: altering
an existing gene, so that its product is changed; or changing gene
expression so that it translated more often or not at all.

Transgenic organisms

Transgenic means "ACROSS SPECIES".

A transgenic organism is define as "a genetically modified organism with
extra-genome (foreign genetic) information attached to its genome".

In order to create a transgenic organisms, a scientist will insert a specific
gene into another species for some purposes, and a transgenic organism is
created (whether microorganisms, animals or plants). For example, many
crops protected against caterpillar larvae <Li) &l A& 5 because a gene
from a bacterium has been inserted into their cells. This gene produces a
protein that is highly and specifically toxic to the larvae of many moths
&ial) or butterflies <Ll 4l that attack food crops. Transgenic organisms
can produce human insulin for example.

The transgenic techniques have the ability to move viral genes into
humans, human genes into plants, plant genes into viruses etc. etc.

Transgenic plants have been developed for various purposes: resistance to
pests, herbicides or harsh environmental conditions; improved shelf-life
(storage); increased nutritional value - and many more.
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Definitions needed

alocus (plural loci) is a fixed position on a chromosome. A variant of the
DNA sequence at a given locus is called an alele. The ordered list of loci
known for a particular genome is called a genetic map. Gene mapping is
the process of determining the locus for a particular biological trait.

A phenotype is any observable characteristic 4 » o=lss of an
organism, such as its morphology, development, biochemical or
physiological properties, or behavior.

Phenotypes result from the expression =3 of an organism's genes as well
as the influence of environmental factors and possible interactions
between the two.

A genotype of an organism is the inherited instructions carries within its
genetic code.

Not all organisms with the same genotype look or act the same way,
because appearance and behavior are modified by environmental and
developmental conditions. Not all organisms, aso, that look alike
necessarily have the same genotype.

The concept of the phenotype is complex because:

First, most of the molecules and structures coded by the genetic material
are not visible in the appearance of an organism, yet they are observable
(by experimental methods) and thus part of the phenotype. Human blood
groups are an example. Behaviors are also affected by both genotypic and
environmental factors are second example.

Second, the phenotype is not simply a product of the genotype, but is
influenced by the environment to a greater or lesser extent.

Third, it must be remembered that not all heredity is carried by the
nucleus. For example, mitochondria transmit their own DNA directly, not
viathe nucleus, though they divide in unison with the nucleus.

Fourth, some phenotypes are controlled entirely by the individual's genes.
Others are controlled by genes but are significantly affected by
extragenetic or environmental factors. For example, almost all humans
inherit the capacity to speak and understand language, but which
language they learn is entirely an environmental matter.
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In summary,
genotype + environment + random-variation — phenotype

Polymor phism (Greek: poly = many, and morph = form) is often defined
as the presence of more than one genetically distinct type in a single
population — meaning, the population is in the same location and is
interbreeding. The term was first used to describe visible forms, but by
extension, the term includes cryptic morphs 4asle Jil, for instance
blood types, which can be shown by atest.

Polymorphism in biology occurs when two or more clearly different
phenotypes exist in the same population of a species — in other words,
the occurrence of more than one form or morph. Examples are:

1) Human blood groups

All the common blood types, such as the ABO system, are genetic
polymorphisms. The phenotypes are controlled by multiple alleles at one
locus.

Statistical research has shown that the various phenotypes are more, or
less, likely to suffer a variety of diseases. For example, an individual's
susceptibility 4wles to cholera (and other diarrhea infections) is
correlated with their blood type: those with type O blood are the most
susceptible, while those with type AB are the most resistant. Between
these two extremes are the A and B blood types, with type A being more
resistant than type B.

2) Sickle-cell anaemia

Sickle-cell anemia is found mostly in tropical populations in southern
Irag, Africa and India. People suffer from this genetic disease are
resistant to malaria.

Introns

derived from the term "intragenic regions' and also called "intervening
sequence” (IVS), are DNA regions in a gene that are not translated into
proteins. These non-coding sections are present in precursor MRNA (pre-
MRNA) and some other RNAs (such as long noncoding RNASs), and
removed by a process called (splicing) during the processing to mature
RNA. After intron splicing, the mRNA consists only of exons, which are
translated into a protein.

Introns are common in eukaryotic pree-mRNA, but in prokaryotes they are
only found in tRNA and rRNA.

The number and length of introns varies widely among species, and
among genes within the same species.
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Exon

An exon is a nucleic acid sequence that is represented in the mature form
of an RNA molecule after:

a) portions of a precursor RNA, introns, have been removed by cis-
splicing

or

b) two or more precursor RNA molecules have been ligated by trans-

splicing.

The mature RNA molecule can be a messenger RNA or a functional form
of a non-coding RNA such as rRNA or tRNA. Depending on the context,
exon can refer to the sequence in the DNA or its RNA transcript.

Techniques of Genetic Engineering

Genetic engineering is a very young discipline, and is only possible due
to the development of techniques from the 1960s onwards. Watson and
Crick made these techniques are possible by discovering the structure of
DNA in 1953. The following table lists the techniques that used in
Genetic Engineering in detall.

Techniques Purposes

1 |cDNA To make a DNA copy of mRNA

2 |Restriction Enzymes To cut DNA at specific points, making small
fragments

3 |DNA Ligase To join DNA fragments together
To cary DNA into cells and ensure

4 |Vectors replicatio)rll

5 |Gene Transfer To deliver ageneto aliving cells

6 |ReplicaPlating To make exact copies of bacterial colonies
on an agar plate

7 |PCR To amplify very small samples of DNA

3 DNA markers|To identify and label a piece of DNA

(probes) containing a certain sequence inside a cell

9 |Shotgun To find a particular gene in a whole genome

10 |Antisense genes To stop the expression of agene in a cell

11 |Gene Synthesis To make a gene from scratch

12 |Electrophoresis To separate fragments of DNA
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1. Complementary DNA

A complementary DNA (cDNA) is DNA synthesized from a mature
MRNA template in a reaction catalyzed by the enzyme (reverse
transcriptase). cDNA is often used to clone eukaryotic genes in
prokaryotes.

When an eukaryotic gene is expressed inside a prokaryotic cells, a
simplified method of doing so, would include the addition of eukaryotic
DNA to a prokaryotic host, which would transcribe the DNA to mRNA
and then trandlate it to protein. However, as eukaryotic DNA has introns,
and since prokaryotes lack the machinery to splice them, the splicing of
eukaryotic DNA must be done prior to adding the eukaryotic DNA into
the host. The (spliced DNA) is called (a complementary DNA).

Though there are several methods for doing so, cDNA is most often
synthesized from mature (fully spliced) mRNA using the enzyme (reverse
transcriptase). This enzyme operates on a single strand of mMRNA,
generating its complementary DNA based on the pairing of RNA base
pairs (A, U, G and C) to their DNA complements (T, A, C and G
respectively).

cDNA is found naturally in a family of viruses called the retroviruses
(which include HIV), and it helps them to invade cells. In nature,
retroviruses use cDNA to turn their viral RNA into mRNA (vird RNA —
cDNA — mRNA). mRNA will make viral proteins that take over the host
cell, while in genetic engineering, reverse transcriptase used to make an
artificial gene of cDNA as shown in this diagram.

it PP
reverse

izolate from cells transcriptase

and purify in test tube PCR
—_— —_—, —_— _—
original gene mREMNA with miEMNA N t:_[IHA many Copies

= (bwo copies) no introns test tube no introns
(many copies) much shorter

Complementary DNA has helped to solve different problems in genetic
engineering:
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It makes genes much easier to find. There are some 30 000 genes in the
human genome, and finding one gene out of this many is a very difficult
(though not impossible) task. However a given cell only expresses a few
genes, so only makes a few different kinds of mMRNA molecule. For
example, the b cells of the pancreas make insulin, so make lots of MRNA
molecules coding for insulin. This MRNA can be isolated from these cells
and used to make cDNA of the insulin gene.

cDNA= complementary DNA

ccDNA = closed circular DNA

ccssDNA = closed circular single stranded DNA
ccds DNA = closed circular double stranded DNA

2. Restriction Enzymes

A restriction enzyme (or restriction endonuclease) is an enzyme that
cuts double-stranded DNA. The enzyme makes two incisions (cuts), one
through each of the sugar-phosphate backbones (i.e., each strand) of the
double helix without damaging the nitrogenous bases. The chemical
bonds that the enzymes cleave can be reformed (attached again) by other
enzymes known as ligases, so that restriction fragments carved from
different chromosomes or genes can be spliced together, provided their
ends are complementary.

The 1978 Nobel Prize in Medicine was awarded to Daniel Nathans and
Hamilton Smith for the discovery of restriction endonucleases, leading to
the development of recombinant DNA technology. The first practical use
of their work was the manipulation of E. coli bacteria to produce human
insulin for diabetics.

A Restriction enzyme can cut the two strands in the same point and thisis
called (Single-hit mechanism) and a blunt ends will formed. A Restriction
enzyme can cut one strand of DNA then move severa bases before
cutting the other strand (double-hit mechanisms) and cohesive sticky ends
are formed.

Each restriction enzyme has its (recognition sites) which can be four to
twelve nucleotides long.

Furthermore, restriction enzymes specific to hundreds of distinct
sequences have been identified, purified and synthesized for sale to
laboratories.
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While recognition sequences vary widely, many of them are palindromic;
that is, the sequence on one strand reads the same in the same direction
on the complementary strand. GTATAC is (GTATAC is complementary
to CATATG).

GAATTC CCOGG6
CTTAAG GGGICCC

Smal restriction ¢ nzyme

Types of restriction enzymes

Restriction enzymes are classified biochemically into three types. These
are designated as Type I, Type Il, Type Ill. A mgor type of Type Il
enzymes are sometimes referred to as Type |V enzymes..

Type | and Il systems, both restriction activities are carried out by a
single large enzyme complex. Although these enzymes recognize specific
DNA sequences, the sites of actual cleavage are so far, and can be
hundr eds of bases away. Both require ATP for their proper function.

In type |l systems, the restriction enzyme cleavages at very specific sites
that are within or close to the recognition sequence. The vast mgjority of
known restriction enzymes are of type |1, and it is these that find the most
use as laboratory tools. The first to be discovered and utilized was EcoRl,
which is staggered and its recognition sequence is 5-GAATTC-3..

Naming
Restriction enzymes are named based on the bacteria in which they are
isolated in the following manner:

E Escherichia (genus)

Co Coli (species)

R RY 13 (strain)

I First identified Order I1D'd in bacterium

Restriction enzymes are produced naturally by bacteria as a defense
against viruses (they “restrict” viral growth), but they are enormously
useful in genetic engineering for cutting DNA at precise places

10
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("molecular scissors'). Short lengths of DNA cut out by restriction
enzymes are called restriction fragments. There are thousands of
different restriction enzymes known, with over a hundred different
recognition sequences. Restriction enzymes are named after the bacteria
species they came from, so EcoR1 is from E. coli strain R, and Hindlll is
from Haemophilis influenzae.

1 A-A—T—T—C—A—T—G—
~A-C—T1G A—A-T-F C—AT T G- C

' [ [ T T T R B |:> {h G —T—A—C—
—T-G—AFC—T-T—A-A G—TF A- G- —A-C—T—G
T R

< restriction enzyme —T— G—=A—C =T—T— A=A

A—A—T—T—C—A—T—G—

—A-C—T-G EEREEE
il W e

—T— G—A—C —T—T—A—A

complementary
hase pairing

l
—A-C—T-G A—AT-TF C—AT G—

~T—G—A—C —T—T—A~ ATG—T— A G-

ﬂ DMNA Ligase

d
—A—C =T AT-F C—ATF G

1 L 1 L] i I 1 L L L L 1
i i L] [] [} [} i i L] [ [} i

—T—-G—-A-C —T—T— T- A& G-
T

11
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Examples of restriction enzymes
Recognition

Enzyme Source Sequence Cut
_— : 5GAATTC 5---G  AATTC---3
EcoRI  Escherichia coli ICTTAAG 3--CTTAA G5
BarmH Bacillus 5GGATCC 5---G  GATCC---3
amyloliquefaciens 3CCTAGG 3---CCTAG G---5
Hindlll Haemophilus influenzae SAAGCTT oA AGCTT-3
P 3TTCGAA 3---TTCGA A---5%
: : 5'CCTNAGG
Mstll  Microcoleus species IGGANTCC
Tagl | Thermus aquaticus STCGA o1 CGA-—-3
. . 3AGCT 3---AGC T--5
L 5GCGGCCGC
Notl Nocardia otitidis 3CGCCGGCG
: L 5GANTC
Hinfl  Haemophilus influenzae ICTNAG
5AGCT 5---AG CT---3
Alul*  Arthrobacter luteus 3TCGA 3 TC GA---5

* = straight (blunt) ends

3. DNA Ligases

In biochemistry, a ligase (from the Latin verb ligare — "to bind" or "to
glue together") is an enzyme that can catalyse the joining of two large
molecules by forming a new chemical bond, usually with accompanying
hydrolysis of a small chemical group pendant to one of the larger
molecules.

This enzyme repairs broken DNA by joining two nucleotides in a DNA
strand. It is commonly used in genetic engineering to do the reverse of a
restriction enzyme, i.e. to join together complementary restriction
fragments.

The sticky ends allow two complementary restriction fragments to anneal,
but only by weak hydrogen bonds, which can quite easily be broken (for
example, by gentle heating). DNA ligase completes the DNA backbone
by forming covalent bonds. Restriction enzymes and DNA ligase can
therefore be used together to join lengths of DNA from different sources.

12
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Ligases are classified as EC 6 in the EC number classification of
enzymes.
1) EC1 Oxidoreductases that catalyzes oxidation/reduction reactions
2) EC2 Transferases that transfer functional group (e.g. a methyl or
phosphate group)
3) EC3 Hydrolases catalyze the hydrolysis of various bonds
4) EC4 Lyases cleave various bonds by means other than hydrolysis
and oxidation
5) EC5 Isomerases. catalyze isomerization changes within a single
molecule
6) EC6 Ligasesjoin two molecules with covalent bonds

4, Vectors

In biology, a vector is an organism that transmits diseases or infections
between species. For example, the mosquito is a disease vector because it
carries the malaria parasite into humans.

By extension, any organism that transports foreign living material is a
vector, so in genetic engineering, a vector is a length of DNA that
carries the gene one want to plant into a host cell. A vector needed
because a length of DNA containing a gene on its own will not actually
do anything inside a host cell. Since it is not part of the cell’s normal
genome it will not replicated when the cell divides, it will not be
expressed, and it will probably be broken down quickly by defense
mechanisms. A vector gets round these problems by having these
properties.

- It is big enough to hold the gene we want (plus a few others), but
not too big.

- It is circular (or more accurately a closed loop), so that it is less
likely to be broken down (particularly in prokaryotic cells where
DNA is always circular).

- It contains control sequences, such as a replication origin and a
transcription promoter, so that the gene will be replicated,
expressed, or incorporated into the cell’s normal genome.

- It contain marker genes, so that cells containing the vector can be
identified.

Many different vectors have been made for different purposes in genetic
engineering by modifying naturally-occurring DNA molecules, and these
are now available off the shelf (in sale). For example a cloning vector
contains sequences that cause the gene to be copied (perhaps many times)
inside a cell, but not expressed. An expression vector contains sequences

13
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causing the gene to be expressed inside a cell, preferably in response to
an external stimulus, such as a particular chemical in the medium.

TYPE OF VECTOR MAX  LENGTH OF
DNA INSERT

Viruses

Plasmid 10

Cosmid 40 kbp

Virus or phage 30 kbp

Bacterial Artificial Chromosome (BAC) 500 kbp

Y east Artificial Chromosome (YAC) 3000 kbp

Human Artificial Chromosome (HAC) 5000 kbp and more

The vectors can be:
- Viral vectors

They are a tool commonly used by molecular biologists to deliver genetic
material into cells. This process can be performed inside a living
organism (in vivo) or in cell culture (in vitro) zs 3 2. Viruses have
evolved specialized molecular mechanisms to efficiently transport their
genomes inside the cells they infect. Delivery of genes by a virus is
termed transduction and the infected cells are described as transduced. A
modified SV40 virus containing DNA from the bacteriophage lambda to
infect monkey kidney cells maintained in culture was the first viral
vector.
Viral vectors must have the following properties:
- Safety Although viral vectors are occasionally created
from pathogenic viruses, they are modified in
such a way as to minimize the risk of handling

them.

- Low toxicity The viral vector should have a minimal effect
on the physiology of the cell it infects.

- Stability Some viruses are genetically unstable and can

rapidly rearrange their genomes.

- Cdll type specificity ~ Most viral vectors are engineered to infect as
wide a range of cell types as possible.
However, sometimes the opposite is preferred.
The viral receptor can be modified to target the
virus to a specific kind of cell.

14
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Transduction is the process by which DNA is transferred from one
bacterium to another by a virus. It also refers to the process
whereby foreign DNA is introduced into another cell via a
viral vector. This is a common tool used by molecular
biologists to stably introduce a foreign gene into a host
cell's genome.

When bacteriophages (viruses that infect bacteria) infect a bacterial cell,
their normal mode of reproduction is to harness the replicational,
transcriptional, and translation machinery of the host bacterial cell to
make numerous virions, or complete viral particles, including the viral
DNA or RNA and the protein coat

More generally, transduction is the process by which genetic material,
e.0. DNA or siRNA, is inserted into a cell. Common techniques in
molecular biology are the use of viral vectors (including bacteriophages),
electroporation, or chemical reagents that increase cell permeability.
Transfection and transformation are more common terms, although these
sometimes imply expression of the genetic material as well.

- Plasmids
Plasmids are by far the most common kind of vector. Plasmids are short
closed circular dsDNA found naturally in bacterial cells. A typical
plasmid contains 3-5 genes and there are usually around from one copy to
hundreds of copies of a plasmid in a bacterial cell. Plasmids copied
separately from the main bacterial DNA when the cell divides, so the
plasmid genes passed on to all daughter cells. They are also used
naturally for exchange of genes between bacterial cells. Because they are
so small, they are easy to handle in a test tube, and foreign genes can
guite easily incorporated into them using restriction enzymes and DNA
ligase.
One of the most common plasmids used is the R-plasmid (or pBR322).
This plasmid contains a replication origin, several recognition sequences
for different restriction enzymes (with names like Pstl and EcoRl), and
two marker genes, which confer resistance to different antibiotics
(ampicillin and tetracycline).
Plasmids contain genetic markers that allow for selection of cells which
have taken up the plasmid DNA.

The diagram below shows how DNA fragments can incorporate into a

plasmid using restriction and ligase enzymes. The restriction enzyme
used is (Pstl) cuts the plasmid in the middie of one of the marker genes.

15
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The foreign DNA anneals with the plasmid and is joined covalently by
DNA ligase to form a hybrid vector (in other words a mixture or hybrid
of bacterial and foreign DNA). Several other products are also formed:
some plasmids will simply re-anneal with themselves to re-form the
original plasmid, and some DNA fragments will join together to form
chains or circles. Theses different products cannot easily be separated, but
it does not matter, as the marker genes can be used later to identify the
correct hybrid vector.

Resiriction Enzyfne ariginal
hybrict plarsnncl
plasmid
F-p asmid
DMA Iugase
——

e Restriction Enzyme mrcularlsed
% : > ) 5? DRA
Stk ‘Q'Q:a ﬂ
Fargign DA
- Cosmids

A cosmid is a type of plasmid (used as a cloning vector) constructed by
the insertion of cos sequences, DNA-Sequences of the Phage Lambda
Virus. Cos sequences are single stranded sequences of DNA, which have
been split from the parent molecule by a specific restriction enzyme and
form cohesive ends.

These DNA-Sequences make it possible to pack genes with up to 44K
base pairs, while normal plasmids are able to carry only 10-15K base
pairs. Cosmids are packaged in phage structures consisting of proteins,
which allows the foreign genes to be inserted into the bacteria using
transduction.

- Bacterial artificial chromosome

A bacterial artificial chromosome (BAC) is a DNA construct, based on a
plasmid, used for transforming and cloning in bacteria, usually E. cali. Its
usual insert size is 150 kbp, with a range from 100 to 300 kbp.

BACs are often used to sequence the genetic code of organisms in
genome projects, for example the Human Genome Project. A short piece
of the organism's DNA is amplified and then sequenced. Finally, the

16
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sequenced parts are rearranged in silico, resulting in the genomic
sequence of the organism.

In silico is an expression used to mean "performed on computer or via
computer simulation.”

in vivo experiments done inside living organisms

in vitro experiments done outside living organisms

- Yeast artificial chromosome

A yeast artificial chromosome (Y AC) is a vector used to clone large DNA
fragments (larger than 100 kb and up to 3000 kb). It is an artificially
constructed chromosome that contains the telomeric, centromeric, and
replication origin sequences needed for replication in yeast cells.
Plasmid is used in initial step. A gene is attached to Y AC with the help of
restriction enzymes, and then DNA ligase by the use of cohesive ends.
YACs and BACs were used to map sections of DNA of interest when
hunting for specific genes, but Y AC is more unstable than BAC.

- Human artificial chromosome

A human artificial chromosome (short HAC) is a micro-chromosome that
can act as a new chromosome in a population of human cells. That is,
instead of 46 chromosomes, the cell could have 47 with the 47th being
very small, roughly 6-10 megabases in size, and able to carry new genes
introduced by human researchers. Yeast artificial chromosomes and
bacterial artificial chromosomes were invented before human artificial
chromosomes, which first appeared in 1997. They are useful in
expression studies as gene transfer vectors and are a tool for elucidating
human chromosome function.

HAC synthesized by combining portions of alpha satellite DNA with
telomeric DNA and genomic DNA into linear microchromosomes.
Grown in HT1080 cells, they are mitotically and cytogenetically stable
for up to six months.

5. Gene Transfer

Vectors containing the genes of interest must incorporate into living cells,
so that they can be replicated or expressed. The cells receiving the vector
called host cells, and once they have successfully incorporated the vector,
they are called (transformed cells). Vectors are large molecules which do
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not readily cross cell membranes, so the membranes must be made
permeable in some way. There are different ways of doing this depending
on the type of host cell.

Heat Shock

In biochemistry, applying a heat shock means subjecting cells to a higher
temperature than the ideal body temperature of the organism from which
the cell line was derived. For instance, in fish that survive at 0°C, heat
shock can be induced with temperatures as high as 5°C, whereas
thermophilic bacteria that proliferate at 50°C will not express heat shock
proteins until temperatures reach approximately 60°C.

In genetic engineering, heat shock is a method in which genes can be
introduced into cells via a vector. Cells are incubated with the vector in a
solution containing calcium ions a 0°C for several minutes. The
temperature is then suddenly raised to about 40°C. This sudden change in
temperature causes the pores of the cells to open up to larger sizes,
allowing DNA molecules to enter. After a brief interval, the test tube is
quickly cooled to a low temperature again. This closes up the pores, and
traps the DNA inside. With this, the cells would have been transformed.
However, it must be noted that, as with amost all transformation
techniques, this method is about 40-70% efficient

Electroporation

Electroporation is a significant increase in the electrical conductivity and
permeability of the cell plasma membrane caused by an externally
applied electrical field. It is usually used in molecular biology as a way of
introducing some substance into a cell, such as loading it with a
molecular probe, a drug that can change the cell's function, or a piece of
coding DNA.

Pores are formed in cells when the voltage across a plasma membrane
exceeds its dielectric strength. The disruptions of cells will open the
pores, then they will after a short period of time, during which
extracellular compounds (such as vectors) have a chance to enter into the
cell. However, excessive exposure of live cells to electrical fields can
cause apoptosis (death)to the cell.

This procedure is highly efficient method of delivering genes to bacterial
cells.

Viruses

Viruses were used as vectors. They are carrying the foreign gene along
with their own genetic material. Since viruses rely on getting their DNA
into host cells for their survival they have evolved many successful
methods, and so are an obvious choice for gene delivery. The virus must
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first be genetically engineered to make it safe, so that it cannot reproduce
itself or make toxins.

Plant Tumors

This method has been used successfully to transform plant cells, which
are perhaps the hardest to do. The gene is first inserted into a plasmid of a
bacterium, and then plants are infected with the bacterium. The bacterium
inserts the plasmid into the plant cells' chromosomal DNA and causes a
tumor. These tumor cells can be cultured in the laboratory and whole new
plants grown from them by micropropagation. Every cell of these plants
contains the foreign gene.

Gene Gun

The gene gun fires microscopic gold particles coated with the foreign
DNA carried by a plasmid (or other vectors) at the cells using a
compressed air gun. It is designed to overcome the problem of the strong
cell wall in plant tissue, since the particles can penetrate the cell wall and
the cell and nuclear membranes, and deliver the DNA to the nucleus,
where it is sometimes expressed.

The gun is connected to a vacuum pump and is under vacuum while
firing. Gold is favored because it has better uniformity than tungsten and
tungsten can be toxic to cells, but its use may be limited due to
availability and cost.

Micro-Injection.

Microinjection refers to the process of using a micro needle to insert
substances at a microscopic or borderline macroscopic level into a single
living cell. It is a simple mechanical process in which an extremely fine
micro needle penetrates the cell under a microscope. The foreign DNA
(with vector) is injected directly into the nucleus using an incredibly fine
micro-needle. This method is used where there are only a very few cells
available, such as fertilized animal egg cells. In the rare successful cases
the fertilized egg is implanted into the uterus of a surrogate mother and it
will develop into a normal animal, with the DNA incorporated into the
chromosomes of every cell.

— DOMA
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L iposomes.

A liposome is a spherical vesicle composed of a bilayer membrane. The
liposome fuses with the cell membrane (and sometimes the nuclear
membrane too), delivering the DNA into the cell. This works is useful for
delivering genes to cell in vivo (such as in gene therapy).

DNA

SR Pt
R

6. ReplicaPlating

In molecular biology and microbiology, Replica plating is a simple
technique for making an exact copy of an agar plate. replica plating is a
technique in which one or more secondary Petri plates containing
different solid are inoculated with the same colonies of microorganisms
from a primary plate (or master dish), reproducing the original colonies.
The technique involves pressing a nitrocellulose membrane, or filter
paper to a primary plate, and then imprinting secondary plates with cells
in colonies removed from the original plate by the material.

The purpose of replica plating is to be able to compare the master plate
and any secondary plates to screen for a selectable phenotype. For
example, a colony which appeared on the master plate but faled to
appear at the same location on a secondary plate shows that the colony
was sensitive to a substance on that particular secondary plate. The
second purpose is to keep the Master plate untouched and can be used as
areference.

This problem is to distinguish those cells that have taken up a hybrid
plasmid vector (with a foreign gene in it) from those cells that have taken
up the normal plasmid. This is where the second marker gene (for
resistance to ampicillin) is used. Once the colonies of cells containing the
correct hybrid plasmid vector have been identified, the appropriate
colonies on the master plate can be selected and grown on another plate.
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7. Polymerase Chain Reaction (PCR)

The polymerase chain reaction (PCR) is a technique widely used in
molecular biology. It derives its name from one of its key components, a
DNA polymerase used to amplify (i.e., replicate) a piece of DNA by in
vitro enzymatic replication. As PCR progresses, the DNA used as a
template for replication. This sets in motion a chain reaction in which the
DNA template is exponentially amplified. With PCR it is possible to
amplify a single or few copies of a piece of DNA across several orders of
magnitude, generating millions or more copies of the DNA piece.

Almost all PCR applications employ a heat-stable DNA polymerase, such
as Tag polymerase. This DNA polymerase enzymatically assembles a
new DNA strand from DNA building blocks, the nucleotides, using
single-stranded DNA as template and DNA oligonucleotides (also called
DNA primers) required for initiation of DNA synthesis.

Developed in 1983 by Kary Mullis, PCR is now a common and often
indispensable technique used in medical and biological research labs for a
variety of applications. These include DNA cloning for sequencing,
DNA-based phylogeny, or functional analysis of genes; the diagnosis of
hereditary diseases; the identification of genetic fingerprints (used in
forensics and paternity testing); and the detection and diagnosis of
infectious diseases. Mullis won the Nobel Prize for his work on PCR.
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PCR principle and procedure
PCR is used to amplify specific regions of a DNA strand (the DNA
target). This can be a single gene, a part of a gene, or a non-coding
sequence. Most PCR methods typically amplify DNA fragments of up to
10 kilo base pairs (kb), athough some techniques allow for amplification
of fragments up to 40 kb in size.

A basic PCR set up requires several components and reagents. These

components include:

1) Heating

Normally (in vivo) the DNA double helix would
be separated by the enzyme helicase, but in PCR
(in vitro) the strands are separated by heating to
95°C for two minutes. This breaks the hydrogen
bonds.

2) DNA template

that contains the DNA region (target) to be
amplified.

3) Primers

which are complementary to the DNA regions at
the 5' (five prime) and 3' (three prime) ends of
the DNA region. A DNA polymerases aways
require short length of DNA (about 20 bp long)
called a primer, to get started. In vitro, the primer
must be cooled to 40°C to alow it to anneal to
complementary sequences on the separated DNA
strands.

4) DNA polymerase

DNA polymerases used in PCR are from the
thermophilic  bacterium Thermus aquaticus,
which grows naturally in hot springs a a
temperature of 90°C, so they are not denatured
by the high temperatures (95°C).

5) Deoxynucleotide
triphosphates (ANTPs)

the building blocks from which the DNA
polymerases synthesizes a new DNA strand.

6) Buffer solution

providing a suitable chemical environment for
optimum activity and stability of the DNA
polymerase.

7) Divalent cations

magnesium or manganese ions; generally Mg®" is
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used, but Mn** can be utilized for PCR-mediated
DNA mutagenesis, as higher Mn*" concentration
increases the error rate during DNA synthesis

8) Monovalent cation potassium ions.

The PCR is commonly carried out in a reaction volume of 15-100 pl in
small reaction tubes (0.2-0.5 ml volumes) in a thermal cycler. The
thermal cycler alows heating and cooling of the reaction tubes to control
the temperature required at each reaction step.

Procedure

The PCR usually consists of a series of 20 to 35 repeated temperature
changes called cycles, each cycle typically consists of 2-3 discrete
temperature steps. Most commonly PCR is carried out with cycles that
have three temperature steps (The above figure). The cycling is often
preceded by a single temperature step (called hold) at a high temperature
(>90°C), and followed by one hold at the end for final product extension
or brief storage. The temperatures used and the length of time they are
applied in each cycle depend on a variety of parameters. These include
the enzyme used for DNA synthesis, the concentration of divalent ions
and dNTPs in the reaction, and the melting temperature (Tm) of the
primers.

The purpose of a PCR (Polymerase Chain Reaction) is to make a huge
number of copies of a gene. This is necessary to have enough starting
template for sequencing.

1. Thecycling reactions:

There are three major steps in a PCR, which are repeated for 30 or
40 cycles. Thisis done on an automated cycler, which can heat and
cool the tubes with the reaction mixture in avery short time.

1. Denaturation at 94°C :
During the denaturation, the double strand melts open to
single stranded DNA, all enzymatic reactions stop (for
example : the extension from a previous cycle).

2. Annealing at 54°C :
The primers are jiggling around, caused by the Brownian
motion. lonic bonds are constantly formed and broken
between the single stranded primer and the single stranded
template. The more stable bonds last alittle bit longer
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(primers that fit exactly) and on that little piece of double
stranded DNA (template and primer), the polymerase can
attach and starts copying the template. Once there are afew
bases built in, the ionic bond is so strong between the
template and the primer, that it does not break anymore.

3. extension at 72°C :
Thisisthe ideal working temperature for the polymerase.
The primers, where there are afew bases built in, already
have a stronger ionic attraction to the template than the
forces breaking these attractions. Primers that are on
positions with no exact match, get loose again (because of
the higher temperature) and don't give an extension of the
fragment.
The bases (complementary to the template) are coupled to
the primer on the 3' side (the polymerase adds dNTP's from
5'to 3, reading the template from 3' to 5' side, bases are
added complementary to the template)

Important Notes

Before the PCR product is used in further applications, it has to be
checked if :

a) Not every PCR is successful. There is for example a
possibility that the quality of the DNA is poor, that one of
the primers doesn't fit, or that there is too much starting
template

b) Itis possible that there is a product, for example a band of
500 bases, but the expected gene should be 1800 bases long.
In that case, one of the primers probably fits on a part of the
gene closer to the other primer. It is also possible that both
primers fit on atotally different gene.
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Ethidium bromide-stained PCF\; _products after gel electrophoresis

PCR Failure
In practice, PCR can fall for various reasons, mostly due to
contamination with extraneous DNA (DNA from the workers of PCR).
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Exponential growth of short product

Schematic drawing of the PCR cycle. (1) Denaturing at 94-96°C. (2)
Annealing at ~65°C (3) Elongation at 72°C. Four cycles are shown
here.

Application of PCR
PCR can be completely automated, so in a few hours a tiny sample of
DNA can be amplified millions of times with little effort. These some of
its applications:
1) Isolation of genomic DNA that may use in gene cloning that
require large amounts of DNA
2) DNA sequencing to determine unknown amplified sequences

26



27

Guide to genetic engineering 2008-2009

3) Genetic fingerprinting a forensic technique used to identify a
person or organism by comparing experimental DNAS.
4) DNA paternity to identify the parents of a child (see below figure)

mmmmmm

o

it

.........

Electrophoresis of PCR-amplified DNA fragments. (1) Father. (2)
Child. (3) Mother. The child has inherited some, but not all of the
fingerprint of each of its parents, giving it a new, unique fingerprint.

8. DNA Probes

genetic mar ker (or probe) is a known DNA sequence. A genetic marker
may be a short DNA sequence, such as a sequence surrounding a single
base-pair change (single nucleotide polymorphism), or along one, like
microsatellites.

Some commonly used types of genetic markers are

RFLP (or Restriction Fragment Length Polymor phism)
AFLP (or Amplified Fragment L ength Polymor phism)
RAPD (or Random Amplification of Polymorfic DNA)
VNTR (or Variable Number of Tandem Repeat)
Microsatellite Polymor phism

SNP (or Single Nucleotide Polymor phism)

STR (or Short Tandem Repeat)

They can be further categorized as dominant or co-dominant. Dominant
markers allow for analyzing many loci at one time. A primer amplifying a
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dominant marker could amplify at many loci in one sample of DNA with
one PCR reaction. Co-dominant markers analyze one locus at atime. A
primer amplifying a co-dominant marker would yield one targeted
product.

Uses

Genetic markers can be used to study the relationship between an
inherited disease and its genetic cause (for example, a particular mutation
of a gene that results in a defective protein). It is known that pieces of
DNA that lie near each other on a chromosome tend to be inherited
together. This property enables the use of a marker, which can then be
used to determine the precise inheritance pattern of the gene that has not
yet been exactly localized.

Genetic markers have to be easily identifiable, associated with a specific
locus, and highly polymorphic, because homozygotes do not provide any
information. Detection of the marker can be direct by DNA sequencing,
or indirect using allozymes.

Some of the methods used to study the genome or phylogenetics are
RFLP, Amplified fragment length polymorphism AFLP, RAPD, SSR.

Insulin production

Genetic markers also play a role in genetic engineering, as they can be
used to produce normal, functioning proteins to replace defective ones.
The damaged or faulty section of DNA is removed and replaced with the
identical, but functioning, gene sequence from another source.

This is done by removal of the faulty section of DNA and its replacement
with the functioning gene from another source, usually a human donor.
These gene sections are placed in solution with bacterial cells, a small
number of which take up the genetic material and reproduce the new
DNA sequence. Engineers need to know which bacteria have been
successful in duplicating these genes so another gene is added, altering
the bacterias resistance to antibiotics. Replica plating or a fomenter is
used to grow enough bacteria to test resistance to antibiotics. It is
important that the cultures are not mixed.

This process can be used as a treatment for diabetes mellitus. Bacterial
DNA often has two resistency genes: one for tetracycline and one for
ampicillin. The insulin gene can be inserted in the middle of the
ampicillin gene after it has been removed using restriction endonucleases.
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If the gene has been taken up, the bacteria both produces insulin and is
also no longer ampicillin resistant. The bacteria are then allowed to grow
on an agar plate containing a culture medium. The bacteria grow and
produce colonies on the agar jelly. A piece of filter paper can be placed
onto the top of this agar plate so that the exact positions of the colonies
are remembered. This produces a copy which can then be transferred onto
a second agar plate containing ampicillin. All of the bacteriathat are not
resistant to ampicillin will die. These locations on the second plate show
the places on the first plate where bacteria are not resistant and therefore
produce insulin. Another similar method is followed, in which an epitope
sequence is added to insert. When the insert is expressed so is the epitope.
Then this epitope can be effectively bound using an antibody on afilter
paper. And the expressing colonies can be easily selected.

9. Shotgun sequencing technique

In genetics, shotgun sequencing is a method used for sequencing long
DNA strands rapidly. The method of the chain termination can only be
used for short strands of DNA, longer sequences must be subdivided into
smaller fragments, and subsequently re-assembled to give the overall
sequence. Two principal methods are used for this:
1) chromosome walking, which progresses through the entire
strand, piece by piece, and rarely used now.
2) Shotgun sequencing, is a faster but more complex process,
and uses random fragments.

In shotgun sequencing, DNA is broken up randomly into numerous small
segments, which are sequenced using the chain termination method. In
order to be certain completely, multiple overlapping sequencing for the
target DNA are obtained by performing severa rounds of this
fragmentation and sequencing. Computer programs then use the
overlapping ends of different sequences to assemble them into a
contiguous sequence.

Double-barrel shotgun sequencing is a technique uses both ends of the
same fragment of DNA. Although sequencing both ends of the same
fragment and keeping track of the paired data was more complex than
sequencing a single end of two distinct fragments, the knowledge was
valuable.
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10. Antisense Genes

These used to turn off (stop) the expression of a gene in a cell. The
principle is very simple: (a copy of the switched off gene inserted into
the host genome the “wrong” way round, so that the complementary (or
antisense) strand transcribed).

The antisense mRNA produced will anneal to the normal sense mRNA
forming double-stranded RNA. Ribosomes cannot bind to this, so the
MRNA is not translated, and the gene is effectively “switched off”.

This method can be used for gene therapy.

Cells can produce antisense RNA molecules naturally, which interact
with complementary mRNA molecules and inhibit their expression, so a
product is stopped. This is how the cell control the production of
enzymes, hormones and other kinds of products.

11. Gene Synthesis

It is a process of chemically synthesize an artificially designed gene
in the lab and add it to the DNA sequence inside the cell.

Gene synthesis was first demonstrated by Har Gobind Khorana in 1970
for a short artificial gene. Nowadays, commercial gene synthesis services
are available from hundreds of companies worldwide, with a price often
below $1 a base pair.

Automated machines can now make genes much easier, but it is usually
much easier to make cDNA.

12. Electrophoress

Electrophoresis is the most known electrokinetic phenomena. It was
discovered by Reuss in 1809. He observed that clay particles ¢plall <l ja
dispersed L% in water and migrate ,>L under influence of an applied
electric field (b S s,

Generally, electrophoresis is the motion of dispersed particles relative to
afluid under the influence of an electric field that is space uniform.
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Gel electrophoresis

Gel electrophoresis is an application of electrophoresis in molecular
biology. Biological macromolecules — usually proteins, DNA, or RNA —
are loaded on a gel and separated on basis of their electrophoretic
mobility.

Or:

Gel €lectrophoresis is a technique used for the separation of
deoxyribonucleic acid, ribonucleic acid, or protein molecules using an
electric current applied to a gel matrix. It is usually performed for
analytical purposes, but may be used as a preparative technique prior to
use of other methods such as mass spectrometry, RFLP, PCR, cloning,
DNA sequencing, or Southern blotting for further characterization.

Electrophor etic finger printing

Electrophoresis is also used in the process of DNA fingerprinting. Certain
DNA segments that vary vastly among humans cut at recognition sites by
restriction enzymes (restriction endonuclease). After the resulting DNA
fragments are run through electrophoresis, the distance between bands are
measured and recorded as the DNA "fingerprint."

Separ ation

The term "gel" in this instance refers to the matrix used to contain, and
then separate the target molecules. In most cases the gel is a crosslinked
polymer whose composition and porosity 4xlss is chosen based on the
specific weight and composition of the target to be analyzed. When
separating proteins or small nucleic acids (DNA, RNA, or
oligonucleotides) the gel is usually composed of different concentrations
of acrylamide and a other chemical compounds producing different sized
mesh networks 4.3 of polyacrylamide. When separating larger nucleic
acids (greater than a few hundred bases), the preferred matrix is purified
agarose. In both cases, the gel forms a solid, yet porous matrix.

The molecules place in wells in the gel and an electric current applied, so
the molecules will move through the matrix at different rates, usualy
based on size, toward the cathode if negatively charged or toward the
anode if positively charged. This is because negative molecules will be
repelled by the negative anode and drawn toward the positive cathode
(and vice versa).
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Agarose gel prepared for DNA analysis - The first lane contains a DNA
ladder for sizing, and the other four lanes show variously-sized DNA
fragments that are present in some but not all of the samples.

After the electrophoresis is complete, the molecules in the gel can be
stained to make them visible. Ethidium bromide, silver, or coomassie
blue dye may be used for this process. Other methods

If molecules pass through the gel in the same speed, they are usually
approximately of the same size. There are molecular weight size
mar kers available that contain a mixture of molecules of known sizes.
If such a marker was run on one lane in the gel parallel to the unknown
samples, the bands observed can be compared to those of the unknown in
order to determine their size.

Proteins

Proteins, unlike nucleic acids, can have varying charges and complex
shapes, therefore they may not migrate into the gel at similar rates, or at
al. For this reason, proteins must denatured in the presence of a
detergent such as sodium dodecyl sulfate/sodium dodecyl phosphate
(SDS/SDP) that coats the proteins with a negative charge. Since
denatured proteins act like long rods instead of having a complex
tertiary shape, the rate at which the resulting SDS coated proteins
migrate in the gel is relative only to its size and not its charge or shape.

DNA electrophoresis

DNA electrophoresis is an analytical technique used to separate DNA
fragments by size. An electric field forces the fragments to migrate
through a gel. DNA molecules normally migrate from negative to
positive potential due to the net negative charge of the sugar-phosphate
backbone of the DNA chain.

Double-stranded DNA and single-stranded DNA or RNA fragments tend
to fold up into molecules with complex shapes and migrate through the
gel in a complicated manner based on their tertiary structure. Therefore,
agents that disrupt the hydrogen bonds, such as sodium hydroxide are
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used to denature the nucleic acids and cause them to behave as long rods.
Longer molecules migrate more slowly because they are more easily
‘trapped' in the network. Gel electrophoresis of large DNA or RNA is
usually done by agar ose gel electrophoresis.

After the separation is completed, the fractions of DNA fragments of
different length are often visualizing a fluorescent dye specific for DNA,
such as ethidium bromide. The gel shows bands corresponding to
different DNA molecules populations with different molecular weight.
Fragment size is usually reported in "nucleotides’, "base pairs' or "kb"
(for 1000's of base pairs) depending upon whether single- or double-
stranded DNA has been separated. Fragment size determination is
typically done by comparison to commercially available DNA ladders
(DNA ladder is a mixture containing linear DNA fragments of known

length).

Types of electrophoresis

The first two are most common, but the others are specialized types of

electrophoresis:

1) Agarose (for relatively long DNA molecules)

2) Polyacrylamide (for high resolution of short DNA molecules, for
example in DNA sequencing).

3) Pulsed field electrophoresis

4) Alkaline agarose gels

5) Capillary electrophoresis

6) Electrophoretogram

7) Electrophoretic display

Visualisation: EtBr and dyes

The most common dye used for agarose gel electrophoresis is ethidium
bromide, usually abbreviated as EtBr. It fluoresces under UV light when
intercalated into DNA (or RNA). By running DNA through an EtBr-
treated gel and visualizing it with UV light, distinct bands of DNA
become visible.

Indicators
The samples that run on the gel are colorless, so indicators are added to
them, so one can observe the running operations, and these are:

- ethidium bromide

- Xylene cyanal

- Bromophenol blue
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The last two run at about 5000 bp and 300 bp respectively, but the precise
position varies with percentage of the gel. Other less frequently indicators
used are Cresol Red and Orange G which run at about 125 bp and 50 bp.
Glycerol isadded to indicator s to make them mor e dense.

Agarose

Agarose is a polysaccharide extracted from the agar (a gelatinious
substance) extracted from seaweed. It is typical used at concentrations of
0.5 to 2%. The higher the agarose concentration, the "stiffer" the gel.
Agarose gels are extremely easy to prepare: you simply mix agarose
powder with buffer solution, melt it by heating, and pour the gel. It is also
non-toxic.

Agarose gels have a large range of separation, but relatively low
resolving power. By varying the concentration of agarose, fragments of
DNA from about 200 to 50,000 bp can be separated using standard
electrophoretic techniques.

Polyacrylamide

Polyacrylamide is a cross-linked polymer of acrylamide. The length of
the polymer chains is dictated by the concentration of acrylamide used,
which is typically between 3.5 and 20%. Polyacrylamide gels are
significantly more annoying to prepare than agarose gels. Because
oxygen inhibits the polymerization process, they must be poured between
glass plates (or cylinders).

Acrylamide is a potent neurotoxin and should be handled with care
with gloves. Polyacrylamide is considered to be non-toxic, but
polyacrylamide gels should also be handled with gloves due to the
possible presence of free acrylamide.

Polyacrylamide gels have a rather small range of separation, but very
high resolving power. In the case of DNA, polyacrylamide is used for
separating fragments of less than about 500 bp. However, under
appropriate conditions, fragments of DNA differing is length by a single
base pair are easily separated. In contrast to agarose, polyacrylamide gels
are used extensively for separating and characterizing mixtures of
proteins.

Preparing and Running Standard Agarose DNA Gels

The equipment and supplies necessary for conducting agarose gel
electrophoresis include:
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electrophoresis chamber

Power supply

Gel casting trays, which are available in a variety of sizes and
composed of UV-transparent plastic. The open ends of the trays are
closed with tape while the gel is being cast, then removed prior to
electrophoresis.

Sample combs, around which molten agarose is poured to form
sample wellsin the gel.

Electrophoresis buffer, usualy Tris-acetate-EDTA (TAE) or Tris
borate-EDTA (TBE).

L oading buffer, which contains something dense (e.g. glycerol) to
alow the sample to "fal" into the sample wells, and one or two
tracking dyes, which migrate in the gel and allow visual monitoring
or how far the electrophoresis has proceeded.

Ethidium bromide, a fluorescent dye used for staining nucleic
acids. (5.25 mg/ml in H;O).

Transilluminator (an ultraviolet lightbox), which is used to
visualize ethidium bromide-stained DNA in gels.

DNA fragments to separate; typically 10-30 ul/sample

DNA size markers.

A mixture of DNA fragments (usually 10-20) of known size. (DNA
ladder).

Nitrile rubber gloves

A color marker dye containing a low molecular weight dye such as
"bromophenol blue" (to enable tracking the progress of the
electrophoresis) and glycerol (to make the DNA solution more
dense so it will sink into the wells of the gel).

A gel rack

A "comb"

UV lamp or UV lightbox or other method to visualize DNA in the
gel

Procedure

Pouring the gel, agarose powder is mixed with electrophoresis buffer to
the desired concentration, then heated in a microwave oven until
completely melted. Most commonly, ethidium bromide is added to the gel
(final concentration 0.5 ug/ml) at this point to facilitate visualization of
DNA after electrophoresis. After cooling the solution to about 60C, it is
poured into a casting tray containing a sample comb and alowed to
solidify at room temperature or, if you arein abig hurry, in arefrigerator.

After the gel has saolidified, the comb is removed, using care not to rip
the bottom of the wells. The gel, ill in its plastic tray, is inserted
horizontally into the electrophoresis chamber and just covered with
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buffer. Samples containing DNA mixed with loading buffer are then
pipeted into the sample wells, the lid and power leads are placed on the
apparatus, and a current is applied. You can confirm that current is
flowing by observing bubbles coming off the electrodes. DNA will

migr ate towar ds the positive electrode, which is usually colored red.

Pouring agarose

Ready to run

e ——

The distance DNA has migrated in the gel can be judged by visually
monitoring migration of the tracking dyes. Bromophenol blue and xylene
cyanol dyes migrate through agarose gels at roughly the same rate as
double-stranded DNA fragments of 300 and 4000 bp, respectively.

When adequate migration has occurred, DNA fragments are visualized
by staining with ethidium bromide. This fluorescent dye intercalates
between bases of DNA and RNA. It is often incorporated into the gel so
that staining occurs during electrophoresis, but the gel can also be stained
after electrophoresis by soaking in a dilute solution of ethidium bromide.
To visualize DNA or RNA, the gel is placed on a ultraviolet
transilluminator. Be aware that DNA will diffuse within the gel over
time, and examination or photography should take place shortly after
cessation of electrophoresis.

Migration of DNA Fragmentsin Agarose

Fragments of linear DNA migrate through agarose gels with a
mobility that is inversely proportional to the log;o of their molecular
weight. In other words, if you plot the distance from the well that DNA
fragments have migrated against the logyy of either their molecular
weights or number of base pairs, a roughly straight line will appear.

Circular forms of DNA migrate in agar ose distinctly differently from
linear DNASs of the same mass. Typically, uncut plasmids will appear to
migrate more rapidly than the same plasmid when linearized.
Additionally, most preparations of uncut plasmid contain at least two
topologically-different forms of DNA, corresponding to supercoiled
forms and nicked circles.
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The image to the right shows an ethidium-stained gel with uncut
plasmid in the left lane and the same plasmid linearized at a single site
in theright lane.

Micked cirches

Supercoiled

Factor s affecting migration
The most important factor:
1) thelength of the DNA molecule, smaller molecules travel farther
2) conformation of the DNA molecule is also afactor.
3) Increasing the agarose concentration of a gel reduces the migration
speed and enables separation of smaller DNA molecules.
4) The higher the voltage, the faster the DNA migrates. But voltage is
limited by the fact that it heats and ultimately causes the gel to melt.
High voltages also decrease the resolution (above about 5 to 8
V/cm).

Several additional factors have important effects on the mobility of
DNA fragments in agar ose gels, and can be used to your advantage in
optimizing separation of DNA fragments. Chief among these factors
are:

Agarose Concentration: By using gels with TR R WL
different concentrations of agarose, one can
resolve different sizes of DNA fragments.
Higher concentrations of agarose facilities
separation of small DNAs, while low agarose
concentrations allow resolution of larger
DNAs.

The image to the right shows migration of a set
of DNA fragments in three concentrations of
agarose, all of which were in the same gel tray
and electrophoresed at the same voltage and for
identical times. Notice how the larger
fragments are much better resolved in the 0.7%
gel, while the small fragments separated best in
15% agarose. The 1000 bp fragment is
indicated in each lane.
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Voltage: As the voltage applied to a gel is increased, larger fragments
migrate proportionally faster that small fragments. For that reason, the
best resolution of fragments larger than about 2 kb is attained by
applying no more than 5 volts per cm to the gel (the cm value is the
distance between the two electrodes, not the length of the gel).

Electrophoresis Buffer: Severa different buffers have been
recommended for electrophoresis of DNA. The most commonly used
for duplex DNA are TAE (Tris-acetate-EDTA) and TBE (Tris-borate-
EDTA). DNA fragments will migrate at somewhat different rates in
these two buffers due to differences in ionic strength. Buffers not only
establish a pH, but provide ions to support conductivity. If you
mistakenly use water instead of buffer, there will be essentialy no
migration of DNA in the gel! Conversely, if you use concentrated
buffer (e.g. a 10X stock solution), enough heat may be generated in
the gel to melt it.

Effects of Ethidium Bromide: Ethidium bromide is a fluorescent
dye that intercalates between bases of nucleic acids and allows very
convenient detection of DNA fragments in gels, as shown by all the
Images on this page. As described above, it can be incorporated into
agarose gels, or added to samples of DNA before loading to enable
visualization of the fragments within the gel. As might be expected,
binding of ethidium bromide to DNA alters its mass and rigidity, and
therefore its mobility.

place DNA gel after staining
sample here | Direction of mm;;njent osive 48 i i1
negative i T
electrode N 8l ff elecirode e Wi . gt
- well g bufter 4 s B 111
L \ 89 43 T3
3 TR
- E
large small
fragments fragments

Applications of Genetic Engineering

The first genetically engineered drug was human insulin, approved by
the United States Food and Drug Administration (FDA) in 1982. This
followed by the creation of human growth hormone (HGH) as
replacement for a drug that was previously extracted from human
cadavers.
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One of the best known applications of genetic engineering is the creation
of genetically modified organisms (GMOs) such as foods and vegetables
that resist pests and bacteria infection and have longer freshness.

Most products from genetic engineering still has very few successful
commercial applications, although these are increasing each year. The
applications so far can usefully considered in three groups:

Gene Products

Use genetically modified organisms (usually microbes) to
produce chemicals, usually for medical or industrial

applications.

New Phenotypes

Use gene technology to alter the characteristics of

organisms (usually farm animals or crops)

Gene Therapy

Use gene technology on humans to treat a disease

Gene Products

The biggest and most successful kind of genetic engineering is the
production of gene products. These products are of medical, agricultural
or commercial value. This table shows a few of the examples of
genetically engineered products that are already available.

Products Use Host organism
Insulin human hormone used to treat diabetes bacteria /yeast
HGH human growth hormone, used to treat | bacteria

dwarfism
BST bovine growth hormone, used to| bacteria
increase milk yield of cows
Factor VIII human blood clotting factor, used to | bacteria
treat haemophiliacs
Anti-thrombin | anti-blood clotting agent used in surgery | goats
Penicillin antibiotic, used to kill bacteria fungi / bacteria
Vaccines hepatitis B antigen, for vaccination yeast
rennin enzyme used in manufacture of cheese | bacteria /yeast
AAT enzyme used to treat cystic fibrosis and | sheep
emphysema
Glucosidase enzyme used to treat Pompe’s disease Rabbits  celld/
bacteria
DNase enzyme used to treat CF bacteria
PHB biodegradable plastic plants
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The products are mostly proteins, which are produced directly when a
gene is expressed, but they can also be non-protein products produced by
genetically engineered enzymes. The basic idea is to transfer a gene
(often human) to another host organism (usually a microbe) so that it will
make the gene product quickly, cheaply and ethically. It is also possible
to make “designer proteins” by altering gene sequences, but while
thisis a useful research tool, there are no commer cial applications yet
for it.

Since the end-product is just a chemical, in principle any kind of
organism could be used to produce it. By so far the most common group
of host organisms used to make gene products are the bacteria, since they
can grow quickly and the product can be purified from their cells.
Unfortunately, bacteria cannot not aways make human proteins, and
recently animals and even plants have also been used to make gene
products. In neither case is it appropriate to extract the product from
their cells, so in animals the product must secreted in milk or urine, while
in plants the product must secreted from the roots. This table shows some
of the advantages and disadvantages of using different organisms for the
production of genetically-engineered gene products.

Type of | Advantages Disadvantages

organisms

Prokaryotes
(Bacteria)

No nucleus, so DNA is easy to
modify; have plasmids, small
genome; genetics well
understood; asexual so can be
cloned; small and fast growing;
easy to grow commercialy in
fomenters; will use cheap
carbohydrate; few ethical
problems.

Can’t splice introns;
small gene size

Eukaryotes

Can splice introns; can accept
large genes

Do not have plasmids
(except yeast); control
of expression not well
understood.

Fungi (yeast,
mould)

Asexual so can be cloned; can be
grown in vats

Can not aways make
animals gene products

Plants

Photosynthetic so don not need
much feeding; can be cloned
from single cells; products can
be secreted from roots or in sap

Cell walls difficult to
penetrate by vector;
slow growing;

must be grown in
fields.
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Animals Most likely to be able to make | Slow growing
human proteins; products can be
secreted in milk or urine

Some gene productsin detail

Human Insulin

Insulin is a small protein hormone produced by the pancreas to regulate
the blood sugar concentration. In the disease insulin-dependent diabetes
the pancreas cells don’t produce enough insulin, causing wasting
symptoms and eventually death. The disease can successfully treated by
injection of insulin extracted from the pancreases of slaughtered cows and
pigs. However, the insulin from these species has a dlightly different
amino acid seguence from human insulin and this can lead to immune
rejection and side effects.

The human insulin gene was isolated, cloned and sequenced in the 1970s,
and so it became possible to insert this gene into bacteria, which could
then produce human insulin in large amounts. Unfortunately, it wasn’t
that simple. In humans, pancreatic cells first make pro-insulin, this then
undergoes post-translational modification to make the final, functional
insulin.  Bacterial cells cannot do post-translational modification.
Eventually a synthetic cDNA gene was made and inserted into the
bacterium E. coli, which made pro-insulin, and the post-translational
conversion to insulin was carried out chemically. This technique was
developed by Eli Lilly and Company in 1982 and the product, “humulin”
became the first genetically-engineered product approved for medical
use.

In the 1990s the procedure was improved by using the yeast
Saccharomyces cerevisiae instead of E. coli. Yeast, as a eukaryote, is
modification, so this simplifies the production of human insulin.
However, another company has developed a method of converting pig
insulin into human insulin by chemically changing a few amino acids,
and this turns out to be cheaper than the genetic engineering methods.
This all goes to show that genetic engineers still have alot to learn.

Human Growth Hormone (HGH)

HGH is a protein hormone secreted by the pituitary gland, which
stimulates tissue growth. Low production of HGH in childhood results in
pituitary dwarfism. This can treated with HGH extracted from dead
humans, but as the treatment caused some side effects, such as
Creutzfeldt-Jacod disease (CJD), the treatment was withdrawn. The HGH
gene has cloned and an artificial cONA gene has inserted into E. coli.
This genetically engineered HGH produced by Genentech can
successfully restore normal height to children with HGH deficiency.
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Bovine Somatotrophin (BST)

This is a growth hormone produced by cattle. The gene has cloned in
bacteria by the company Monsanto, who can produce large quantities of
BST. In the USA, cattle are often inject with BST every 2 weeks,
resulting in a 10% increase in mass in beef cattle and a 25% increase in
milk production in dairy cows. European Union has already
overproduction of milk and beef, so BST is not used.

Factors VIII and I X

Factor VIII (FVIII) is an essential clotting factor. The lack of normal
FVIII causes Hemophilia A, an inherited bleeding disorder. Factor 1X is
an essential clotting factor that the lack of it causes Hemophilia B. The
genes responsible for both factors are located on chromosome X. It is
produced by genetically engineered Chinese hamster ovary cells that have
been altered to produce factor V111 or Factor 1X .

Anti-thrombin

It is a coagulation protein that has many effects in the coagulation
cascade. It is a serine protease (EC 3.4.21.5) that converts soluble
fibrinogen into insoluble strands of fibrin, as well as catalyzing many
other coagulation-related reactions. Thrombin converts fibrinogen to an
active form that forms fibrin.

Anti-thrombin antibodies are autoantibodies directed against thrombin.
Anti-thrombin antibodies can react with thrombin in the antithrombin-
thrombin complex. Antibodies (IgG) against thrombin can strongly
inhibit its activity.

Penicillin

Penicillin is a secondary metabolite of fungus Penicillium, which means
the fungus will not produce the antibiotics while it is growing, but will
produce penicillin when it feels threatened. There are also other factors
that inhibit penicillin production.

The penicillium cells are grown using a technique called fed-batch culture
(The cells are constantly subject to stress) that will produce plenty of
penicillin. Modified mutated strains can produce a much larger quantity
of penicillin.

Vaccines

Most pharmaceutical companies refuse to produce vaccines against
diseases such as HIV, maaria and tuberculosis for financial reasons.
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These diseases exist in under-developed countries that have no money to
spend on them.

Most vaccine development to date has relied on governments and non-
profit organizations.

Rennin

Rennin is an enzyme used in the production of cheese. It is produced in
the stomach of juvenile mammals (including humans) and it helps the
digestion of the milk protein caesin by solidifying it so that is remains
longer in the stomach. Traditionally the cheese industry has used rennin
obtained from the stomach of young calves (caf=single J==) when they
slaughtered, but there are moral and practical objections to this source.
Now an artificial cDNA gene for rennin has been made from mRNA
extracted from calf stomach cells, and this gene has been inserted into a
variety of microbes such as the bacterium E. coli and the fungus
Aspergillus niger. The rennin extracted from these microbes has been
very.

AAT (e-1-antitrypsin)

alpha 1-Antitrypsin is a glycoprotein made in liver anf founfd in blood. It
Is generally known as serum trypsin inhibitor. It protects tissues from
enzymes of inflammatory cells, especially elastase, and trypsin. In its
absence, elastase is free to break down elastin -- which contributes to the
elasticity of the lungs -- resulting in respiratory complications leading
finally to COPD (chronic obstructive pulmonary disease).

It is an inhibitor of protease enzymes like trypsin and elastase. If AAT
gene mutated, the gene becomes inactive, and protease enzymes will be
uninhibited. The most noticeable effect of this is in the lungs, where
elastase digests the elastic tissue of the alveoli, leading to the lung
diseases. Inhaling a spray containing AAT will inhibits the elastase.

AAT can extract from blood, but only in very small amounts. The gene
for AAT has been found and cloned, but AAT cannot be produced in
bacteria because AAT is glycoprotein. After many attempts, gene AAT is
cloned and produced by genetically-modified sheep (inside mammary
gland cells). AAT will be secreted with the sheep's milk. The first
transgenic sheep to produce AAT was called Tracy, and she produced by
PPL Pharmaceuticals in Edinburgh in 1993.

Thisis how Tracy made:
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A female sheep given a fertility drug to stimulate her
egg production, and severa mature eggs are collected
from her ovaries.

The eggs are fertilized in vitro.

A plasmid is prepared containing the gene for human
AAT and the promoter sequence for b-lactoglobulin.
Hundreds of copies of this plasmid are microinjected
into the nucleus of the fertilized zygotes. Only a few of
the zygotes will be transformed, but at this stage you
can’t tell which.

The zygotes divide in vitro until the embryos are at the
16-cell stage.

The 16-cell embryos implant into the uterus of
surrogate mother ewes. Only a few implantations result
In a successful pregnancy.

Test all the offspring from the surrogate mothers for
AAT production in their milk. This is the only way to
find if the zygote took up the AAT gene so that it can
expressed. About 1 in 20 eggs are successful.

Collect milk from the transgenic sheep for the rest of
their lives. Their milk contains about 35 g of AAT per
litre of milk. Also breed from them in order to build up
a herd of transgenic sheep.

Purify the AAT, which is worth about £50 000 per mg.

Glucosidases

iyt

They are glycoside hydrolase enzymes (EC 3.2.1). These enzymes
involved in breaking down complex carbohydrates such as starch and
glycogen. The following enzymes are members of the glucosidases

family:

Name EC Description

a-Amylase EC3.211 Is adigestive enzyme in mammals
B-Amylase EC3.2.1.2 Is a plant enzyme to break down starch
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y-Amylase EC3.2.13 Is a digestive enzyme

Cellulase EC3214 breaks down cellulose from plant
e material

2‘3‘;;2]5;56 EC32110 |-

Acid a- EC32120 'S associated with Glycogen storage

glucosidase disease type I

Beta-glucosidase EC 3.2.1.21 | isassociated with gaucher's disease

one member of the p-galactosidase
family, breaks down milk sugars, and

L actase EC S22 its absence in adulthood causes lactose
intolerance

Debranching |-~ 35933 |

enzyme

Pullulanase EC 3.2.1.41 has been used as a detergent

Deoxyribonuclease
A deoxyribonuclease (DNase, for short) is any enzyme that catalyzes the
hydrolytic cleavage of phosphodiester linkages in the DNA backbone.
Deoxyribonucleases are thus one type of nuclease. A wide variety of
deoxyribonucleases are known, which differ in their substrate
specificities, chemical mechanisms, and biological functions.

DNases can be exodeoxyribonucleases or endo-deoxyribonucleases.
Some can cut the DNA at any sequence, while others, including
restriction enzymes, are very sequence-specific.

Polyhydr oxybutyrate (PHB)

Polyhydr oxybutyrate (PHB) is a polymer belonging to the polyesters
class. PHB is produced by micro-organisms (like Alcaligenes eutrophus
or Bacillus megaterium) apparently in response to conditions of
physiological stress. The polymer is primarily a product of carbon
assimilation (from glucose or starch) and is employed by micro-
organisms as a form of energy storage molecule to be metabolized when
other common energy sources are not available.

PHB has attracted much commercial interest as a plastic material because
its physical properties are remarkably similar to those of polypropylene
(PP), even though the two polymers have quite different chemical
structures. While PHB appears stiff and brittle cuaiill si il & 1 it also
exhibits a high degree of crystallinity, a high melting point of about 180
°C, but, most importantly, PHB is rapidly biodegradable, unlike PP.

45



46 Guide to genetic engineering 2008-2009

Two major factors inhibiting widespread use of PHB lie in its production
costs, which are a lot higher than plastics produced from petrochemicals,
and its brittleness, since PHB as it is currently produced cannot handle
high impact.

At present, several researchers are trying to use genetic technology to
produce a better bacteria-based plastic that has more desirable properties
and is cheaper to produce. If PHB becomes as cheap as plastics produced
from petrochemicals, then it will probably become widely used, since it
has the potential to be employed for packaging products like bottles,
bags, wrapping film and disposable nappies.

Within the last decade, a team from Michigan State University
genetically modified plants to enable them to produce PHB. They had
managed to create a plant that could grow plastic within its leaves. After
further research, they managed to increase production within the plant
without affecting growth: 14% of the dry weight of the genetically
modified leaves is PHB.

Properties of PHB

1. PHB is water insoluble and relatively resistant to hydrolytic
degradation. This differentiates PHB from most other currently available
biodegradable plastics, which are either water-soluble or moisture-
sensitive.

2. PHB shows good oxygen permeability.

3. PHB has good ultra-violet resistance but has poor resistance to acids
and bases.

4. PHB is soluble in chloroform and other chlorinated hydrocarbons.

5. PHB is biocompatible and hence is suitable for medical applications.

6. PHB has melting point 175C.

7. PHB has tensile strength 40 MPa which is close to that of
polypropylene.

8. PHB sinks in water while polypropylene floats, but sinking of PHB
facilitates its anaerobic biodegradation in sediments.

9. PHB is nontoxic.

DOLLY

Dolly (July 5, 1996 — February 14, 2003), a ewe, was the first mammal to
have been successfully cloned from an adult cell. She was cloned at the
Roslin Institute in Midlothian, Scotland, and lived there until her death
when she was six years old. Her birth was announced on February 22,
1997.
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The technigue used is somatic cell nuclear transfer, in which a cell
placed in a de-nucleated ovum, the two cells fuse and then develop into
an embryo. It was Dally.

The goal of the research was the reproduction of mammals genetically
modified to produce therapeutic proteins in their milk.

In 1999, research was published in the journal Nature suggesting that
Dolly may have been susceptible to premature aging, due to shortened
telomeres in her cells. It speculated that these passed on from her donor
sibling, who was six years old when the genetic material was taken from
her, so that Dolly may have been genetically six years old at birth. Thisis
because telomere length is reduced after each cell division, which
requires DNA replication before mitosis occurs. The polymerase, part of
the replication machinery, cannot reach the end of the chromosome being
replicated and clips a little of the telomere at the end off every time
replication occurs.

When Dolly was five years old, she had developed arthritis at an
unusually early age. This supported the theory of premature aging.

:E')'ol ly's remains as exhibited in the Royal Museum of Scotland

On February 14, 2003 it was announced that Dolly had died from a
progressive lung disease. Such lung diseases are especially a danger for
sheep kept indoors, as Dolly had to be for security reasons.

After Dolly's creators successfully demonstrated the cloning, thousands
of mammals cloned at present, including horses and bulls, but cloning
does not alleviate the problems of loss of genetic diversity and habitat.

New Phenotypes
This means altering the characteristics of organisms by genetic
engineering. The object is to improve the quality of many important

plants and animals (GMOs). It is a kind of a high-technology selective
breeding. Neverthelesss, GMOs have turned out to be a highly
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controversial development. The table gives an idea of what is being done.

Organism M odification

Long life. Two methods are used to affect the gene for the

tomatoes enzyme polygalactourinase (PG), a pectinase enzyme
that softens fruits as they ripen. Either tomato will
make less PG, so it ripens more slowly and retain
more flavour, or the gene will be silenced, so no
enzyme produce after tomato is ripen. Both were
successful, neither method increases production.

Insect-resistant | Genes for various powerful protein toxins have

crops transferred from the bacterium Bacillus thuringiensis

Virus-resistant
crops

Herbicide
resistant crops

Nitrogen-fixing
crops

Crop
Improvement

to crop plants including maize, rice and potatoes.
These Bt toxins are thousands of times more powerful
than chemical insecticides, and since they are built-in
to the crops, insecticide spraying (which is non-
specific and damages the environment) is unnecessary.

Gene for virus coat protein has cloned and inserted
into tobacco, potato and tomato plants. The coat
protein seems to “immunize” the plants, which are
much more resistant to viral attack.

The gene for resistance to the herbicide BASTA has
transferred from Sreptomyces bacteria to tomato,
potato, corn, and wheat plants, making them resistant
to Basta. Fields can safely spray with this herbicide,
which will kill all weeds, but not the crops. However,
this means using more agrochemicals, not less.

The project ams to transfer the 15-or-so genes
required for nitrogen fixation from the nitrogen-fixing
bacteria Rhizobium into cereals and other crop plants.
These crops would then be able to fix their own
atmospheric nitrogen and would not need any
fertilizer. However, the process is extremely complex,
and the project is nowhere near success.

Proteins in some crop plants, including wheat, are
often do not contain essential amino acids, so the
protein genes are alter to improve their composition
for human consumption.
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Mastitis- The gene for the enzyme lactoferrin, which helps to

resistant cattle |resists the infection that causes the udder disease
mastitis il el has introduced to Herman — the
first transgenic bull. Herman’s offspring inherit this
gene, do not get mastitis and so produce more milk.

Tick-resistant | The gene for the enzyme chitinase, which kills ticks
sheep a8l by digesting their exoskeletons, has been
transferred from plants to sheep. These sheep should
be immune to tick parasites, and may not need sheep

dip.
Fast-growing | The human growth hormone gene has transferred to
sheep sheep, so that they produce human growth hormone

and grow more quickly. However, they are more
prone to infection and the females are infertile.

Fast-growing | A number of fish species have been given a gene from

fish another fish (the ocean pout) which activates the fish’s
own growth hormone gene so that they grow larger
and more quickly. Salmon grow to 30 times their
normal mass at 10 times the normal rate.

Environment | Genes for enzymes that digest many different

cleaning hydrocarbons found in crude oil have transferred to
microbes Pseudomonas bacteria so that they can clean up ail
spills.
Gene Therapy

This is perhaps the most significant and most controversial kind of
genetic engineering. It is also the least well-developed. The idea of gene
therapy is to genetically alter humans in order to treat a disease. This
could represent the first opportunity to cure incurable diseases. Gene
therapy means atering the genotype of a tissue or even of a whole
human.

Cystic Fibrosis

Cystic fibrosis (CF) is the most common genetic disease in the World,
affecting about 1 in 2500. It caused by a mutation in the gene for protein
caled CFTR (Cystic Fibrosis Transmembrane Regulator). The gene is
located on chromosome 7, and there are actually over 300 different
mutations known, although the most common mutation is a deletion of
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three bases, removing one amino acid out of 1480 amino acids in the
protein.

The symptoms of CF. breathlessness, lung infections such as bronchitis
and pneumonia, poor digestion and absorption, and infertility. The lung
effects are the most serious causing 95% of deaths. CF is always fatal,
though life expectancy has increased from 1 year to about 20 years due to
modern treatments.

cDNA clone of the gene was made, and the idea is to deliver copies of
this good gene to the epithelial cells of the lung, where they can
incorporated into the nuclear DNA and make functional CFTR gene
again. Clinical trials are going with little success since 1995.

The Future of Gene Therapy

Gene therapy is in its infancy, and is still very much an area of research
rather than application. No one has yet cured by gene therapy, but the
potential remains enticing. Gene therapy need not even be limited to
treating genetic diseases, but could also help in treating infections and
environmental diseases:

Gene therapy can be either somatic cell therapy or germ cell therapy.
Somatic cell therapy means genetically altering specific somatic cells,
such as bone marrow cells, pancreas cells, or whatever, in order to treat
the disease. This therapy may treat or cure the disease, but any genetic
changes will not be passed on their offspring.

Germ-line therapy means genetically altering reproductive cells such as
sperm cells, sperm precursor cell, ova, ova precursor cells, zygotes or
early embryos that will pass their genes down the “germ-line” to future
generations. Alterations to any of these cells will affect every cell in the
resulting human, and in all his or her descendants.

Germ-line therapy would be highly effective, but is also potentially
dangerous (since the long-term effects of genetic aterations not known).
It is currently illegal in most of the World, and current research is
focusing on somatic cell therapy only. All gene therapy trials in the UK
must approved by the Gene Therapy Advisory Committee (GTAC), a
government body that reviews the medical and ethical grounds for a trial.
Germ-line modification allows with animals, and indeed is the basis for
producing GM Os.

Economic and palitical effects of GM Os

In illiterate society, with farmers ignorant, Biotechnology companies will
gain excessive control over the production chain of crops and food, and
over the farmers that use their products, as well.
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Additional | nfor mation

Satellite DNA

Satellite DNA consists of highly repetitive DNA, and is so called because
repetitions of a short DNA sequence tend to produce a different
frequency of the nucleotides adenine, cytosine, guanine and thymine, and
thus have a different density from bulk DNA - such that they form a
second or ‘satellite’ band when genomic DNA is separated on a density
gradient.

Tandem repeats
They occur in DNA a pattern of two or more nucleotides is repeated and
the repetitions are directly adjacent to each other.

An example would be:
ATTCGATTCGATTCG

in which the sequence ATTCG is repeated three times.

Minisatellite DNA

It is a section of DNA that consists of a short series of bases 10-60bp.
These occur at more than 1000 locations in the human genome. Some
minisatellites contain a central (or "core') sequence of letters
“GGGCAGGAXG” (where X can be any letter) or more generaly a
strand bias with purines (Adenosine (A) and Guanine (G))on one strand
and pyrimidines (Cytosine (C) and Thymine (T)) on the other. Use the
nemonic "pure As Gold" and you will recall that the purines are
Adenosine (A) and Guanine (G). Use the nemonic "'CUT™ the Pie" and
recall from the C-U-T that pyrimidines are Cytosine (C), Uracil (U)(RNA
only for Uracil), and Thymidine (T). It has been proposed that this
sequence per se encourages chromosomes to swap DNA. In alternative
models, it is the presence of a neighbouring cis-acting meiotic double-
strand break hotspot which is the primary cause of minisatellite repeat
copy number variations. Somatic changes are suggested to result from
replication difficulties (which might include replication slippage, among
other phenomena). When such events occur, mistakes are made, this
causes minisatellites at over 1000 locations in a persons genome to have
dlightly different numbers of repeats, thereby making them unique.

"Minisatellites® consist of repetitive, generally GC-rich, variant repeats
that range in length from 10 to over 100 bp. These variant repeats are
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tandemly intermingled, which makes minisatellites ideal for studying
DNA mechanisms.

Microsatellites
They are called Simple Sequence Repeats (SSRs), consist of repeating units of 1-6 bp
in length.

Satellite DNA, together with Minisatellite and Microsatellite DNA congtitute the
Tandem repeats.

Erythropoietin

Erythropoietin (or EPO) is a glycoprotein hormone that regulates
erythrocytes (red blood cells) production. It called hematopoietin or
hemopoietin and produced by the kidney. It is used in treating anemia
resulting from chronic renal failure or from cancer chemotherapy. When
EPO is given in advance, the bone marrow produces more red blood cells.
EPO is a forbidden drug used by athletes (a blood doping agent) in
endurance sports such as bicycle racing, triathlons and marathon running.
The side effect is that the blood becomes thick enough to strain the heart,
especially during sleep when the heart rate is low and clots formed with
lead to death.

Oncomouse

The Oncomouse or Harvard mouse is a type of laboratory mouse that has
been genetically modified using modifications designed by Harvard
University and DuPont to carry a specific gene called an activated
oncogene.

The activated oncogene significantly increases the mouse’s susceptibility
to cancer, and thus makes the mouse suitable for cancer research

Telomere

A telomereis aregion of highly repetitive DNA sequences at the end of a
linear eukaryotic chromosome. Telomeres do not contain the codes for
proteins, so telomeres are not themselves genes, but neither are they
meaningless junk. Instead, these repetitive sequences protect the ends of
the chromosome from damage, and prevent the chromosomes from fusing
into rings, or binding haphazardly to other DNA in the cell nucleus.

The telomere is composed of repeating sequences and various proteins
and acts to protect the terminal ends of chromosomes. This prevents the
ends of the chromosome from being processed as a double strand DNA
break, which could lead to chromosome-to-chromosome telomere
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fusions. The telomere of any divided chromosome will shrink (shorten) a
little bit every time a cell divides (exception only of chromosomes in
stem cells, germ cells and white blood cells). Cells with critically short
telomeres alter their character by transcribing a partly distinct set of
genes. They also become unresponsive to any stimulation to divide. In
humans, the telomere sequence is a repeating string of TTAGGG,
between 3 and 20 kilobases in length. There are additional 100-300
kilobases of telomere-associated repeats between the telomere and the
rest of the chromosome. Telomere sequences vary from species to
species, but are generally GC-rich.

If telomeres become too short, the cell stops dividing and enter into
apoptosis stage.

Telomer e shortening

In order to prolong life, some researchers activate teleomerase by drugs.
So far this idea has not been proven in humans. However, it has been
hypothesized that by lengthening telomeres, one can slow aging and in
exchange increase vulnerability to cancer.

TELOMERE CANCER THEORY

The cancer initiated by the mutation of the telomere subunit sequence. An
enzyme WTG ("Where To Go" enzyme) picks up or transcribed (after
cell division) the released telomere subunit(s) and initiates normal cell
functioning. If the telomere subunit mutated, then one of the following
things may happen depending on the mutated sequence:

1.) The cell may die.

2.) An oncogene may initialize, but is still under normal telomere
counting.

3.) Embryonic growth may initialize, but is still under normal telomere
counting.

4.) Telomerase may initialize.

With a corrupted subunit, anything may initialize. Someone with the
facilities should create a string of labeled and non TTAGGG subunits and
insert it in a living cell and observe the outcome when the labeled
sequence becomes active. This is a lot of work as there are 4,095
possibilities.
Telomerase

Telomerase is an enzyme that adds specific DNA sequence repeats
("TTAGGG" in al vertebrates) to the 3' ("three prime") end of DNA
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strands in the telomere regions, which are found at the ends of eukaryotic
chromosomes.

Chromosome

Telomeric
DMNA
Repeats

Base Pairs

- Why do we need Telomeres?

It is thought that the telomeres at the end of chromosomes may have
evolved to prevent the unlimited growth of cells by limiting their life
span. Evidence that average telomere length correlates with the lifespan
of cell in culture, suggests that the growth of human cells is limited by
their resource of telomeric DNA.

In normal cells, mechanisms for maintaining telomere length are
absent. So, with each successive round of cell division, telomeres
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progressively decrease in length, loosing up to 200 base pairs of terminal
DNA from the tips of their chromosomes with each division. Since each
chromosome possesses a telomere of finite length, the number of
divisions a cell can undergo is limited by this store of telomeric DNA.
The more times a cell divides, the shorter the telomere becomes and
ultimately after a limited number of cell divisions, the length of the
telomere becomes so short that the cell ceases to divide. This non-
dividing state is known as senescence.

Fig . Behaviour of Cells and their telomere lengths
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Some questions About DNA finger printing.

Q1. How accurate is it at identification. For example, is it as good as
classical finger prints?

In theory, with the exception of identical twins, everyone on this planet
has a different DNA fingerprint. That is, DNA fingerprinting is as good
as classical fingerprinting for identification.

Q2. What areits advantages?

In theory DNA fingerprinting will work with much smaller amounts of
material than a classical fingerprint and DNA lasts much longer than
classical fingerprints. DNA-containing samples that are many years old
(up to 25 million yr.) are still usable. Only very tiny quantities of DNA
are required in order to carry out a highly accurate test. For example,
dried blood, semen, spit, skin etc. on samples stored in dusty files for
years are still usable. Samples of mixed DNA's can aso be used. DNA
containing evidence is much harder to clean up at a crime scene than
other evidence, like classical fingerprints.
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Q3. What areitslimitations?

There currently are no accepted Federal standards for controlling the
guality of DNA testing nationwide. Lab A may use one set of procedures
and standards, whereas, lab B may use another set of procedures and
standards. Making comparisons between results from the two labs is
difficult. The quality of laboratory personal is not standardized.
Technicians may vary in their efficiency. Finally, blood that is mixed
with the wrong chemicals or is degraded is difficult to analyze accurately.

Q4. When faced with DNA evidence what questions should be asked?
Questions regarding the handling of the evidence, the quality of the
testing, including the controls used, the skill of the testing personnel, the
accuracy of the data interpretation, possible contamination of the
evidence, the possibility of accidental, or intentional misplacement of
evidence are all valid questions that should be raised regarding DNA
evidence (or any evidence for that matter). In the end, the fact that no
matter how powerful a new tool in crime fighting is, its ultimate
effectiveness is only as good as the persons using that tool should be
kept in mind.

Plants Cloning

Cloning has become one of the most efficient ways to grow plant.
Clones are the result of asexual or vegetative propagation,
whereas, seeds are the result of sexual propagation. Cloning is
basically taking a cutting (a branch or growing portion of the plant,
including a few small leaves to aid growth) of one plant, and
placing it in a medium and forcing it to take root on it's own, by
applying rooting hormones(described later). This cutting then
becomes a plant of it's own, but identical to the "parent” plant(the
plant from which the clone was taken). This gives us the first
benefit of cloning, survival of the fittest.

Unlike with seeds, where the outcome of the plant can be a guess
to the grower, clones can be taken from the strongest, healthiest
and most productive plants, and turned into genetic replicas of
their strong parent plants. This gives you a complete, uniform
garden of only the most productive, disease resistant, pest
resistant and healthiest plants(or whatever characteristics you
decide are the best qualities for your particular plant). Plants that
are grown from seed can be non-productive. Some seeds, more
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than likely about 30%-60%, can grow up to represent the worst
characteristics of their species. They also take time to start and
grow; with clones you start with a prebuilt plant, and all that is
involved past that is adding the rooting hormone and regular plant
maintenance. Although the first step in cloning is the seed, after
they have shown their traits, the unhealthiest(by the characteristics
you set) can be taken out of the garden, leaving you with your
strongest, most productive plants to clone. Your healthy plants are
then cloned, and when these clones begin to grow small branches,
they too can be cloned and so on and so forth, until you decide to
stop. If you decide that you could benefit from cloning then you are
ready to begin the next step. In the next part you will be given the
information on the materials needed to take your clones, followed
by "Ten Steps To The Perfect Clone". | hope your newfound
interest in cloning will lead your garden to the amazing results that
they lead my garden to. Good luck and happy cloning!!

WHAT MATERIALS ARE NEEDED TO TAKE A CLONE?

The first thing you will need to take a clone will be a parent plant
exhibiting your desired characteristics. The plant should be atleast
2 months old. The next thing you will need is a rooting hormone.
They come in liquid, as well as, powder forms. Liquid solutions are
used by most professional growers because the have better stem
penetration, and exhibit consistent results; powders are less used,
because they adhere inconsistently to the stem and yield poor
survival rates. The following is a list of rooting hormones good for a
wide array of plant types(some of these products are not intended
for plants that are used for consumption, so read the labels
carefully to make sure you get the solution that will work best for
you); Dip-N-Grow, Rootone-F, Woods Rooting Compound, Up-
Start, Hormodin, Hormex and Superthrive. You will also need a
piece of screen or shadecloth to protect your clones from large
amounts of intense light for their first few days. New clones are
sensitive to light, and need some sort of shade or filtered sun for
their first few days, until they begin to form roots. They will also
require foliar feeding via a water spray bottle. In their first few days
it is critical that you spray the leaves of your clones with water
about 4-5 times a day to supply the water that isn't able to be
supplied to the plant through the roots. Just spray the with a fine
layer of mist to keep the leaves from dehydrating.
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Also needed are a pair of sharp, sterile scissors to cut your
clipping and remove excess foliage, a glass of fresh, tepid, water,
a pencil or chop stick, and a container(filled with the planting mix of
your choice) in which to transfer your new clone. With these
materials you are now prepared to take your first clone.

TEN STEPS TO TAKING THE PERFECT CLONE

1) Choose a parent plant that is at least two months old. Leach the
soil with water, at a rate of 1 gallon water per 5 gallons of sail,
once a day for 5 days prior to cloning.

2) Locate some older, lower branches with about 4-6 sets of
leaves on them, and that are about 1/8-1/4-inches-wide and 3-8
inches long. With your scissors, make a 45 degree cut across the
intended clones branch, being careful not to smash the stem. Trim
the 2-3 sets of bottom leaves off the stem, leaving 2-3 sets of
leaves above ground. Immediately place the cut end into the glass
of fresh, tepid water. This will keep an air bubble from blocking it's
transpiration passages, which can kill a plant within 24 hours.
Leave your cuttings overnight in the water with no light.

3) Use your pencil or chopsticks to place a hole in the potting soil
in your pot, just wider than your clones stem. The hole should
bottom out 1/2-1 inch from the bottom of the container to allow for
root growth.

4) Now is the time to prepare your rooting solution. Most
professional nursery people use liquid hormones which should be
mixed just prior to using. There should be dilutions for hardwoods
and softwoods, use which ever dilution applies to you. Swirl the
stem of your cutting in the solution for 10-20 seconds. Place your
clones in the hole and press the potting soil around the base of the
stem gently. If you are using a powder hormone, roll the stem in
the powder, taking special care to keep a solid layer of powder
around the stem when packing the soil into place.

5) Lightly water with a mild solution of water and rooting hormone,
until the soll is evenly moist, watering the soil as needed to retain
moisture.

6) Place your new clones under filtered sunlight, a piece of shade
cloth or a screen to prevent excessive shock to the plant. After 4-5
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days they can be moved into a sunny area where they will begin to
adjust and continue to grow.

7) With your spray bottle of water, gently mist the leaves of your
clones, just lightly covering the surface of the leaves. This will help
the plant continue to absorb water without needing roots. Spray
about 4-7 times a day, just to keep the leaves from drying out
completely.

8) Maintain the temperature of clones at about 70-80 degrees
Fahrenheit for about 3 days after growth, bringing them inside if
you need to.

9)Some of your cuttings may wilt for the first few days or have
rotting leaves if the leaves were in contact with moist soil. Remove
any rotten leaves as they may occur. Your clones should look like
normal, small, uniform plants after about the first 5-7 days. If any of
the plants are still badly wilted at the end of the first week they
probably will not survive or if they do they it is unlikely they will
catch up with the rest of your plants, and should be removed from
the garden.

10) In 1-4 weeks the clones should be well rooted and ready to be
checked. To check simply remove one of the clones from it's
container to check for the off-white strands of roots. After your
plants have rooted they are now ready to be put into their regular
growing area and resume growth. In about another month these
plants will be ready to be parents their selves. Simply follow the
same process as the first clones for each subsequent generation
and can be continued as long as you wish for them to. Within no
time you will see just how beneficial cloning can be in your garden.
Good luck with your new cloning hobbies.
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Molecular Cloning

Molecular cloning refers to the procedure of isolating a defined DNA
sequence and obtaining multiple copies of it. Cloning is frequently used
to amplify DNA fragments containing genes, but it can be used to
amplify any DNA sequence such as promoters, non-coding sequences and
randomly fragmented DNA. It is used in a wide array of biological
experiments and practical applications such as large scale protein
production. Occasionally, the term cloning is misleadingly used to refer
to the identification of the chromosomal location of a gene associated
with a particular phenotype of interest, such as in positional cloning. In
practice, localization of the gene to a chromosome or genomic region
does not necessarily enable one to isolate or amplify the relevant genomic
sequence.

In practice, in order to amplify any DNA sequence in a living organism,
that sequence must be linked to an origin of replication, which is a
sequence of DNA capable of directing the propagation of itself and any
linked sequence. However, a number of other features are needed and a
variety of specialized cloning vectors exist that allow protein expression,
tagging, single stranded RNA and DNA production and a host of other
manipulations.

Cloning of any DNA fragment essentially involves four steps:
fragmentation, ligation, transfection, and screening/selection. Although
these steps are invariable among cloning procedures a number of
aternative routes can be selected, these are summarized as a ‘cloning
strategy’.

Initially, the following steps are taken:

1) The DNA of interest needs to be isolated to provide a DNA
segment of suitable size (foreign DNA).

2) Subsequently, a ligation procedure is used where the amplified
fragment (foreign DNA) is inserted into a vector by using
restriction enzymes,

3) The vector incubated with the fragment of interest (foreign DNA)
under appropriate conditions with DNA ligase to ligate.

4) Following ligation, the vector with its foreign DNA is transfected
into cells. A number of alternative techniques are available, such as
chemical sensitivation of cells, electroporation or others.

5) Finally, the transfected cells are cultured.
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6) As the above procedures are of particularly low efficiency, there is
a need to identify the cells that have been successfully transfected
with the vector construct containing the desired insertion sequence
(Foreign DNA) in the required orientation. Modern cloning vectors
include selectable antibiotic resistance markers, which alow only
cells in which the vector has been transfected, to grow.

7) Additionally, the cloning vectors may contain color selection
markers  which  provide Dblue/white screening (a-factor
complementation) on X-gal medium.

8) Nevertheless, these selection steps do not absolutely guarantee that
the DNA insert (foreign DNA) is present in the cells obtained.
Further investigation of the resulting colonies is required to
confirm that cloning was successful. This may be accomplished by
means of PCR, restriction fragment analysis and/or DNA

sequencing.
Céellular cloning

Cloning a cell means to derive a population of cells from a single cell. In
the case of unicellular organisms such as bacteria and yeast, this process
is remarkably simple and essentially only requires the inoculation of the
appropriate medium. However, in the case of cell cultures from multi-
cellular organisms, cell cloning is an arduous task as these cells will not
readily grow in standard media.

A useful tissue culture technique used to clone distinct lineages of cell
lines involves the use of cloning rings (cylinders). According to this
technique, a single-cell suspension of cells which have been exposed to a
mutagenic agent or drug used to drive selection is plated at high dilution
to create isolated colonies; each arising from a single and potentialy
clonally distinct cell. At an early growth stage when colonies consist of
only a few of cells, sterile polystyrene rings (cloning rings), which have
been dipped in grease are placed over an individual colony and a small
amount of trypsin is added. Cloned cells are collected from inside the ring
and transferred to a new vessel for further growth
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Cloning in stem cell research

Somatic cell nuclear transfer can also be used to create a clonal embryo.
The most likely purpose for this is to produce embryos for use in
research, particularly stem cell research. This process is also called
“research cloning" or "therapeutic cloning." The goal is not to create
cloned human beings, but rather to harvest stem cells that can be used to
study human development and to potentially treat disease. While a clonal
human blastocyst has been created, stem cell lines are yet to be isolated
from a clonal source.

Organism cloning

Organism cloning refers to the procedure of creating a new multicellular
organism, genetically identical to another. In essence this form of cloning
is an asexual method of reproduction, where fertilization or inter-gamete
contact does not take place. Asexual reproduction is a naturally occurring
phenomenon in many species, including most plants and some insects.

Species cloned

The modern cloning techniques involving nuclear transfer have been
successfully performed on several species. Landmark experiments in
chronological order:

Tadpole: (1952) Many scientists questioned whether cloning had
actually occurred and unpublished experiments by other labs were
not able to reproduce the reported results.

Carp: (1963) In China, embryologist Tong Dizhou cloned a fish.
He published the findings in a Chinese science journal which was
never translated into English.

Mice: (1986) was the first successfully cloned mammal; Soviet
scientists Chaylakhyan, Veprencev, Sviridova, Nikitin had mice
"Masha' cloned. Research was published in the magazine
"Biofizika" volume XXXII, issue 5 of 1987.

Sheep: (1996) From early embryonic cells by Steen Willadsen.
Megan and Morag cloned from differentiated embryonic cells in
June 1995 and Dolly the sheep from a somatic cell in 1997.

Human: (November 1998) hybrid embryo created from leg cells
and a cleaned cow egg - not alowed to implant in a womb, nor
develop, nor be born due to ethical issues.

Rhesus Monkey: Tetra (female, January 2000) from embryo

splitting
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Gaur: (2001) was the first endangered species cloned.

Cattle: Alpha and Beta (males, 2001) and (2005) Brazil

Cat: CopyCat "CC" (female, late 2001), Little Nicky, 2004, was the
first cat cloned for commercial reasons

Mule: Idaho Gem, a john mule born 4 May 2003, was the first
horse-family clone.

Horse: Prometea, a Haflinger female born 28 May 2003, was the
first horse clone.

Human cloning

Human cloning is the creation of a genetically identical copy of an
existing or previously existing human. The term is generally used to refer
to artificial human cloning; human clones in the form of identical twins
are commonplace, with their cloning occurring during the natural process
of reproduction. There are two commonly discussed types of human
cloning: therapeutic cloning and reproductive cloning. Therapeutic
cloning involves cloning cells from an adult for use in medicine and is an
active area of research: while reproductive cloning would involve making
cloned human beings. Such reproductive cloning has not been performed
and is illegal in many countries. A third type of cloning called
replacement cloning is a theoretical possibility, and would be a
combination of therapeutic and reproductive cloning. Replacement
cloning would entail the replacement of an extensively damaged, failed,
or faling body through cloning followed by whole or partia brain
transplant.

The various forms of human cloning are controversial. There have been
numerous demands for all progress in the human cloning field to be
halted. Some people and groups oppose therapeutic cloning, but most
scientific, governmental and religious organizations oppose reproductive
cloning. The American Association for the Advancement of Science
(AAAS) and other scientific organizations have made public statements
suggesting that human reproductive cloning be banned until safety issues
are resolved. Serious ethical concerns have been raised by the idea that it
might be possible in the future to harvest organs from clones. Some
people have considered the idea of growing organs separately from a
human organism - in doing this, a new organ supply could be established
without the moral implications of harvesting them from humans.
Research is aso being done on the idea of growing organs that are
biologically acceptable to the human body inside of other organisms,
such as pigs or cows, then transplanting them to humans, a form of
xenotransplantation.
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The first human hybrid human clone was created in November 1998, by
American Cell Technologies. It was created from a man's leg cell, and a
cow's egg whose DNA was removed. It was destroyed after 12 days.
Since a normal embryo implants at 14 days, Dr Robert Lanza, ACT's
director of tissue engineering, told the Daily Mail newspaper that the
embryo could not be seen as a person before 14 days. While making an
embryo, which may have resulted in complete human had it been allowed
to come to term, according to ACT: "[ACT's] am was ‘therapeutic
cloning' not 'reproductive cloning™

On January, 2008, Wood and Andrew French, Stemagen's chief scientific
officer in California, announced that they successfully created the first 5
mature human embryos using DNA from adult skin cells, aiming to
provide a source of viable embryonic stem cells. Dr. Samuel Wood and a
colleague donated skin cells, and DNA from those cells was transferred to
human eggs. It is not clear if the embryos produced would have been
capable of further development, but Dr. Wood stated that if that were
possible, using the technology for reproductive cloning would be both
unethical and illegal. The 5 cloned embryos, created in Stemagen
Corporation lab, in La Jolla, were destroyed.

Ethical issues of cloning

Although the practice of cloning organisms has been widespread for
several thousands of years in the form of horticultural cloning, the recent
technological advancements that have allowed for cloning of animals
(and potentially humans) have been highly controversial. Some believe it
Is unethical to use a human clone to save the life of another. Others have
countered that people who exist today and have interpersonal
relationships and personal histories should take precedence over never-
conscious life at any stage of developmental maturity. The Catholic
Church and many religious organizations oppose all forms of cloning, on
the grounds that life begins at conception. Conversely, Judaism does not
equate life with conception and, though some question the wisdom of
cloning, Orthodox rabbis generally find no firm reason in Jewish law and
ethics to object to cloning. From the standpoint of classical liberalism,
concerns also exist regarding the protection of the identity of the
individual and the right to protect one's genetic identity.

According to the US Food and Drug Administration, food coming from
cloned animals is safe to eat. In addition the FDA stated that cloned food
does not require specia labeling. Both meat and milk from cloned
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animals such as swine, goats and cattle have no differences from the
conventionally bred animals.

Joseph Mendelson, legal director of the Center for Food Safety, said that
cloned food still should be labeled due to the fact that safety and ethical
issues of it remain questionable.

Carol Tucker Foreman, director of food policy at the Consumer
Federation of America, stated that FDA does not consider the fact that the
results of some studies revealed that cloned animals have increased rates
of mortality and deformity at birth.

FDA specialists mentioned that when the cloned animals are aged from 6
to 18 months, they are aimost similar to conventionally bred animals. The
food receives a certain label only in cases when its features are modified
by the way it is produced.

Cloning extinct and endanger ed species

Cloning, or more precisely, the reconstruction of functional DNA from
extinct species has, for decades, been a dream of some scientists. The
possible implications of this were dramatized in the best-selling novel by
Michael Crichton and high budget Hollywood thriller Jurassic Park. In
real life, one of the most anticipated targets for cloning was once the
Woolly Mammoth, but attempts to extract DNA from frozen mammoths
have been unsuccessful, though a joint Russo-Japanese team is currently
working toward this goal.

In 2001, a cow named Bessie gave birth to a cloned Asian gaur, an
endangered species, but the calf died after two days. In 2003, a banteng
was successfully cloned, followed by three African wildcats from a
thawed frozen embryo. These successes provided hope that similar
techniques (using surrogate mothers of another species) might be used to
clone extinct species. Anticipating this possibility, tissue samples from
the last bucardo (Pyrenean Ibex) were frozen immediately after it died.
Researchers are also considering cloning endangered species such as the
giant panda, ocelot, and cheetah. The "Frozen Zoo" at the San Diego Zoo
now stores frozen tissue from the world's rarest and most endangered
Species.

In 2002, geneticists at the Australian Museum announced that they had
replicated DNA of the Thylacine (Tasmanian Tiger), extinct about 65
years previous, using polymerase chain reaction. However, on 2005-02-
15 the museum announced that it was stopping the project after tests
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showed the specimens DNA had been too badly degraded by the
(ethanol) preservative. Most recently, on 2005-05-15, it was announced
that the Thylacine project would be revived, with new participation from
researchers in New South Wales and Victoria.

One of the continuing obstacles in the attempt to clone extinct species is
the need for nearly perfect DNA. Cloning from a single specimen could
not create a viable breeding population in sexually reproducing animals.
Furthermore, even if males and females were to be cloned, the question
would remain open whether they would be viable at all in the absence of
parents that could teach or show them their natural behavior. Essentially,
if cloning an extinct species were successful — it must be considered that
cloning is still an experimental technology that succeeds only by chance.
It is far more likely than not that any resulting animals, even if they were
healthy, would be little more than curios or museum pieces.

Cloning endangered species is a highly ideological issue. Many
conservation biologists and environmentalists vehemently oppose cloning
endangered species — not because they think it won't work but because
they think it may deter donations to help preserve natural habitat and wild
animal populations. The "rule-of-thumb" in animal conservation is that, if
it is dtill feasible to conserve habitat and viable wild populations,
breeding in captivity should not be undertaken in isolation.

In a 2006 review, David Ehrenfeld concluded that cloning in animal
conservation is an experimental technology that, at its state in 2006, could
not be expected to work except by pure chance and utterly failed a cost-
benefit analysis. Furthermore, he said, it is likely to siphon funds from
established and working projects and does not address any of the issues
underlying animal extinction (such as habitat destruction, hunting or other
overexploitation, and an impoverished gene pool). While cloning
technologies are well-established and used on a regular basis in plant
conservation, care must be taken to ensure genetic diversity. He
concluded:
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Janll 485k

psipal G 5w e 44g ge psngall 0K 50 880 7 e & ()
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ce) yal A e

Jslae (g (sLa (iale Ll iy )b 803 sl (b Aabadall a3 (¥
¢ sl (gL ddalagy ¢ A

(B Jslaa) uilatia Jslaa oS o (U sas) 5 2880 saad Gl 5 (¢

b oS 3 W ¢ B2 5 B1 (pend ) B Jsbae a2y (0

b cin Gl ) A8 5 dala) (e il DA BT Jslae s i 2% (7
a8

gt 8 ol e B2 Jslaay mdi el Bl Jslae (0 IS o (V
T 05y G b G J S Lagdl il s ((3an e JS) il

Gl J<a 3 DNA sels Jaadly (3 seall Lenay () &gl JS sl (A
Oilall G ol G dpalas

OSaYl s ¢ didy Vo Pla Y Jsas) e DNA ) sih (4
i s o) eala) Gl Al 5 dxes
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Kiwi fruit s s ¢ (¥

Jdall i dale cila glaa
Hleie Baae 1) e Lds « Actinidia deliciosa s 50 5 5 alall anl
C ey dye -

cosandli sl puainy a8 il el e (el as) Bal 020 a3
E onlid g A (peliisy dpe
lelaad (382 il 48 sudadll e L) asall U Lo juae Zila) oS
sl 5k 25 Jle 5SS papain s (s saa 4 4k
J1ay papain a3 oY cadall clatie e gl e sl Lala (S Y
rlall i g

Papain
cysteine protease sa 41 alal 4l ()
A N1 830 5 sl (Qlisi gy Lpading) LIV (5 ) sl gl (Y
meat tenderizer » sall (ul anding 1341

pyeudl
osalll &Ll LAY a1 xyy ol sl Lgan

Janl) 48y 3k
Al Claills DNA ) (adlaiad o) Y s el ciuas 31 2
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(Rice ) :Jla) qgall (e DNA paddi
Jdall i dale cila glaa
oryza sativa _aladl aul) ()
Lalle DLl 8 ) agaa sald (Y

Jie allall sl J€ ) Ldland) S5 ¢ Jaal) &y e g -TUZZ 0 4K (¥
S0 s i &Y rices il ,ll-dsle W) arrozs s ,ill riz
AUy

Jotae 3 f el gl a@i e 3 Y Ailad) Ll gl dlla 8
L shlall GO CalaaY 451l ol el Jd cilelu saal padann)

Blood adll ¢ DNA ) aMadiad

ol Lo Adaale e Asil) (3 5k (ge LS pall (0 DNA I 485 dlae (5 523

o=aldill 3 jaiua 3 ) gas centrifugation cs S el 2l Jlea alasiul o4 ()
c\)A;J\ 2.5;3.‘4]\ )

oadaiul (i yal (daaall) sl 5 (A 5Y1) cand 1 alasin) Gy (Y
Lege DNA-

s s A Jslaal (g Lgnsi ApaSll agll Cilai g o)l (e 0.2 aladind &5 (Y
Eppendroff tubes & Ji~ill

¢ el dapall (ha A geany Galiill Sal LS aal) £ aS cull LS (€

Lysisbuffer (zdi ) g addieg ) Jldaill ¢ s jlall J slaall
100mM EDTA

10mM Tris-HCI

1.0% SDS

AdjustedtopH 7.5

TE buffer

0.2mM EDTA
10mM Tris-HCI
AdjustedtopH 7.5
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Nuclec lysis buffer

(ol S pea addiieny) Ay i) Judail £ (g 1Al  glaall

400mM sodium chloride
10mM Tris-HCI

2mM EDTA

Adjusted to pH 8.2

Protease K solution
1mg/1ml protease K
1% SDS

2mM EDTA

SUaa D
psty o o(V:)) Jsid ia)shs ) olS e m i proteinase K Jladul o ()

Y Sl 5 all G G s o503 saadl 29 ) 1S (e a8 i aladdal o (Y

3L o) Wele « Proteinase K o Yoo sl ¢ Jsid oy 5855518 2 50 (e
pabatial o g padl 2y 55K aLE () (go5iw o s pad) 2y 518 58 55
sl s (DNA Jlas ) (535 Lo DNA Almall ¢ldl iy 5o

U3 350 Aglanll 5,

e G oo (Lysis buffer Jaill ¢ s jladl Jsdaall) alasiul 21y (¥

o) aadl Lpall 58 5 QS5 (a5 S jall 2l Slea aladial

Cheek Cells il YA e DNA Y Ladiiud

Lo e g BT (3 5k (e LeidliaS 280 LA (e DNA ) & ac. (5 a3

(sLadl (e o Vo b atl) ale il jpmat iy

558 i) e @l jat i) Jill) 1ags macaally s S o 5y

s sinall) lalll o JIdl G s (AN (g 220 ST e J geanll
eala el 8 (aad s

(s 38 all 2l Slea aladind g L) il 8 Jilll o g

LIS (e AS AeS 0 sa g lld e el 585 13 ¢ centrifugation
DLEAY) & i) 4 o)
'h)u;\.ucbouaﬁ@)\.u;‘ﬁ\uju\eayjchja.mhuhba\e.u
Ak Y sl Al & cad il g o382 3 e Baal (4 sie
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Ol YA L sl 4y 5 s e Clage B el (5K y g g0 S e
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A aleall 4a gladll A

Ao gl il alicaall da glaal) Y
AL Sl Hedn Y

L e

—l0mat) e s (G S U s (S
L) JEY) e Ll e aleie) Leanddi &5 —1J ¥ g i

Conjugation plasmid A0 ) clae DL Y
Transfer gen&s:dﬁw a\.g;i\ (e 4 sana e g3 A A
LAl 8 ) ) Agleal 3 M\Traul_m;,_m.au_d\

non -Conjugation plasrmd a0 ) e claa P LY
1o Al L ,usl oS5 Tra genes clua (53 Y (Al a g
O e ey e 3 )l e Slae P e g gl

) 8 sasasdd il dae o laldic) Lpandi o5 -1 AN g g3
—: )

A ) clasa P A

o o P el Sg il Ga jaS axe A1 b 0S5 A
Gl el L5 Al )

paddiad) Claa P Lo
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- :DNA 2 Jje udal buffers 4jall Jullaal) juaas
= 1oty A dllae sae L zliag Jaall @ shad v

SET Jslae

320 MM TrissHCl 525 mM EDTA 75 mM NaCl e o5
V2 sl

58.45 = NaCl— sl ¢35

M= 1000 mM
75mM NaCl >*0.0/5M
M* M.W* V

Wt. (NaCl) =

1000
0.075* 58.45* 100
Wt. (NaCl) = =0.438g
1000

3722 = EDTA il o)
25mM EDTA . 0.025M
0.025% 372.2* 100
Wt. (EDTA)= =093¢
1000

1211 = TrisHCI—! el o350

20 mM (Tris-HCl) —» 0.02M
0.02* 121.1* 100

Wt. (Tris-HCI)= =024¢9
1000

90 ml «——(0.249g +0.93g +0.438) <l Sl asan Lalas




NaCl (5M) Jslsa
5* 58.45* 50
Wit. (NaCl) = =146¢9
1000

10% SDS Jsiaa

10g SDSin 100ml distilled water
1g SDSin 10ml distilled water

Al o) o) e Ll sy

TE Jsiaa
S50mMM Tris-HCI < 20mM EDTA (e Jslaall (5 5<5

0.020* 372.2* 10
Wt. (EDTA)= =0.74g
1000

0.05* 121.1* 100

Wt. (Tris-HCI)=
1000

H.W
$0.1M 4 )Y e (MW=121.12) tris- HCl 555 (2 250 Ml jcas -
O ol e 5 M 3855100 Ml aass (Na-acetate) Jslaa pas Y

(M.W Na-acetate = 59)
e 0555 250 Ml Jslas puas =Y

50 mM glucose M.W= 180
10 mM EDTA M.W=372.2
25 mM Tris-HCI M.W=121.1

10 % SDS
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2 P Lal) adasiud

Al 5l Aaglall 3 Y] e Laled Clane DU 485 3k adied
SIZe aaall ial s e Law¥ 5 o gme 30 SU Ll 5 sme DL Gl (g (I
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JCa 3 Y 48 g aadd) e P S ) LS (LS o g ga S ans e 43l
Gla e Ph 2 s g cps A ECOI LSy g e S pan 0 %A N sa V)
i Slase P ) e ) ed JSE) Aals e Wl S @l e il
LSl o a0s a6 Lt V) Lo L s s Uil Ln o€ 8 Ly 5S40 o gus g S
alle il 4358 Lty o Adile (5580 S g g0 SI e lline S8
e JS S Ao Lo g 13 e el jall s s supercoiled iy
S s Cpade gl e

Al Ay 0 iy el and GlEN) Gl cili el sda e Gl

Covalently closed circular molecules (ccc) waLm

Gald 4 fial o w8 e Ll g3l ek (e gl Gt Alls
open —Circular i site 4y s 4 ja 43K A b lagy el Calay)
A e mitiud G Gl A gsslall il adad Al 4 L) « molecule
l[inear molecule a.laa

8 35— sall Ll JStotal cell DNA e su e SI Ll J e Jady
o OS5 csana 00 Lall g o g g SH Ll Jadiy Ly S0 88 (dlA)
e Pl Lall 485 & degall 5 480U 5 5laal o V) pillall S b alie
=1 L e O Ll J ) 8k Bae aa g5 ¢ ca g e )SI L (e

Alkaline denaturation el Zudl 4gy )l Y

AU o paie ogus sl 2518 Jslae 8 S5l ook 4yl LY

P52 daa gy 35
Ethidium bromide-caesium chloride density gradient centrifugation
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foalall 8 id 5 o Al gae DL Lall el 55 ok aa s

o Al 4 &yl s Boiling method Ll 48 e 3kl 038 (e g <l
salting out method -~

DNA =l Jad duei 1) < gladl
oalaal) (o Lays 3kl aseal saal s DNA ) padlaind 5 e tsabae e
Ll LS (adlany) aillee fas cale U< 5 131 nucleoprotein
Agslall s oSl 4y s DNA 1z 5 3 ol Ay slal) 4p2e V) 50 -
BouS ) Y paal G535
A ) cllee (e aaad) aladinly 45al b Kol e DNA Jaad oy - Y
Ol 2a pladin) P& o Deproteinization process <ulisi syl
A glasS s 4zan 3
A uliad) iy Wb Lgildas A (e A8 gusaall lasig oyl 213 -
o G gam g (centrifugation) (SalSeall cu A ddasd 515

Salting out method
Pospiech & Neumann uallall (e 5 saall sAlting out 4y caeadind
= el 4iyyh L LS
DNA I oDl o 5l 3 5l e 4,050 5 pertives dpali =)
Ay ety anlie (o)) daus 0o do Ve (G Lde se U
LSy JST Anlie die ) 3 58853 )0 s
PP SW RV [ PP WA JRNPE | I PR IR W N ST
A8y 10 300l 4883 fo 55 YYer v v Ao p LS pe 2t A ) sl
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e e © A 235 o(pellet) WIAY il e Jseanl 2y Y
225 Usaa 0m Sl Sa Ve il 5 (SET) 5 Jolaal
A8 (T ) 320l 2% VY ds ja uaall g ¢ ad 5 sl

Sl ginall = e g (10% SDS) Jlae (e g Sie Tee il — £
e & YV b s a0 caaig il sadd ) a3y
i

Lo clgindd 7 a5 (5 Y50 ©) NaCl Jslaa (ge Ja ¥ 4l o5 =0

320 il by ginal) = a5 a8 ) SlSY Jslaw (40 Jo 0 Adl) G -1
Ad jall 3 ) s 4y 4880 Y

RN Y B A [0 Te v e Aoy L3S e il ay -V

e A jee o) s Aalaa g Bana Dysal ) Ji g 350 G S - A
S Il 0o G aaa ge o, T ol Lo ddl) S5y (39
S sia 7 5y thal JABY1 e o 30 pan oy
G830 B A 5,50 )Y, ¢ v A pew L3S e ke 5 ¢ il

S5 S Il U8 % Ve Jslae (e de © Gy 390 Jage -9
o) g G0 03 s i3 VY, 0 e e L3S e
L8 ) v Bae Caad

5 s i a,nds dnyy TE dlaud o o il DNAY Ly =Y

o285 cpad (Y 4 )

Llad) 3 gall il b
fonsall i gY) Comay sy 4 lldy AN o Jilas e Jeny EDTA
Al duse s o) jaall &y ) s 5 (Mg™)

G—ioh e ALl DAY s JWS) e Jery g calaia SDS

Ll sl a3
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ARG TP TPRCA L PN PO N-STPY o) PN \- Wi (e

d—sad Jally e lall Gl ja oy o580 s DNA - s i 2 53
A i Ay QA el JSE) ) A JSAD 0 DNA

DNA ) aue Jusl

DNA 43y

ot 5 —rudall Aphadl) 4din) Apladl dbia 4l (5 sne Cula
Sl gac ysh on Al Glgadl o5 e dany (53
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L i e (o A glal) il sinal) ay g i gl 5 58
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7 5eY) o 45,08 anal o yshs ) lSH aling o) skl WLl
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Electr ophor esis Ak <l Jaa il
A waigh il lee 4 jal Gl g Lial) e 480 5 ahili g Juail Eipas 40
oatl ) 4ni Cumy T 568 Ul (g0 A pnia 3y 32 52) ... 48550
( Lginid Slas
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eS¢

S G e 5 jiall Jal sl
lad Sl (g (le 5 aa g G Aale B guay GEl Mgl S 5

e A oSl Baaaiall il S U g ASLE Al Agar 0se syl L)

A5 sl dia g pan el gl Lpmny pe ddasi yall 5 galaCtOSE ) SSIK

dlaxa

sl bl i) sz polyarylamide a—lady s) (Ag— .Y
e k8 jral g ) saima 4S03 (o S acrylamidetbisacrylamide
59V 85 sa sall ol

0S5 el 8 sl (Y () Juadl) i cilS WS ¢ e 38 5 IS LS
Sl 5yl Ay jad) () 591 <l Lall <y 3ol G jal iy Lo ¢yl

DNA Uall Jsill s Al ¢jsd .o
O gl b sl sl Ad el 55V el sl el -
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e Lgisma Jame adiny Ll iy sal el o)l il die $JSA) -
Lo Ll 4y el JISa) AD6 aa 6 G (K e DI
covalently closed circular Leaalos 4ilia 3 3 )
open circular 4s siaa 3 yia .Y
linear 4xbaa 44 s .Y
A Ba Y Ll oy ge lay Dl da gid) 55000 4 ja 4S a0 (45
el 535 Laalus dalaal) G 3ol i sall 4 5ac 31 da sicaal JS
LS il (Pl Al gy Jlul) LeiSay Y LS e ol (P de sy g pall e
dabaadl) 44 5l ae Jlall s

Sl (Al Ll A e il ) Al Sl 481l 7 a0
gl gl jlsal o adin o psm ey (dim i agdee ol Dl Pl
ol Os8 adly g fialiall g5 lall
V=IR
D e A Sl S i g 400 568 B Al Aipee 401 8 jaeas 2ind
ol Jal cle Q8 8 i Lo i (D) 50a0 jualic Ps
s Jlel) il sdll & 8 ala gy by A slaall o by g s )all 43 5Y)
Al Jos 5 48 ja (e 23 138 5 ¢ Sl
g s aliia JC50 Ll wdad Jmd 13 4 8y clan Aaga AkaiS lia
8ol e g Al il aa Loyl iy 3 agd) Jarae Y cAille 4n oy 4l 5dl)
Ll DUl iy 1AL e Fi Bl (e bl iy ) 4S s Ll
Al A 5al oY) JS oY el GO o8 ol e Jaail
o—e Al ¢ 5 ¥ @y adalll 5aa Y Coga VAl AS ) Ll i
ALl B3k 5 s i deadl) pala () clguany
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a3kl aile
tda) e A0 45l (anls (Sa
Gl paad aBle 58 Cung 558N (e Game S 5 2Dl ppiass Y
aliad 3 yall Ll
A 4filsiy LA ) e o5 Aaldll jaal) 8 Gliall i) S5y Y
) a5 ey aafiV) drua aladiuly Sl sl S LY
alee e el @iVl ey Gl Js il J o juzast oL 2Dl
IR e Lol adad g o SV (Sayg clead 2Dl ey Jn Al
S sl andia sli ) ULV andl ) Dlell (o o

Jardl (kg 3 sal
5] daa gy Adua Jglaa -
35 e Jpmanll sl ele Jo 00 b dapall o ol g+, YO Y3 e
stock solution. ¢u i Jstas day s mg/ml Al
Jraaill 45 Al Julladl -
Bromophenol sl J sid ga 5 3 %+,0 ae SUCTOSE ) 5 8m %€+ (e () o<
(4o senal e Lol 55l U (g et b Jaday) Hhaia sle b 4dde DlUe
e OsSall TBE X(0) sla -
Tris-base 0.089M
Boric acid 0.089M
EDTA-Na2 0.002M
pH= 8.0

Jaxd) 43y )k
sy (Do Voo (B ole 0.8 Y ) 8% S 55 SV Dla yuas
ml S las st ) el sl ge Jae e sles dlasiuly

4 3l 3 ) ja 4a )0 B
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= S S muad dlas a0 draa e Sl Sile D el gy pia gy
il o2k 0.5

BeaY Ly Lglila uad sestray e ool b seadl 55 ASY) cam iy
ety (55 IS il aantl ol indl el Tl iy il
4l 3 ) sa da et o iy a8 (A el Sleladll o 5 A3

= TBE(IX) o caulie Jaiay AlseSl don ill aadieea (i sall Say
& 5 sy ot gl caliad S L3 TANK (sl Jals TRAY g 5
Bed T, g 35 2 5 tsols S5 Tt

(Ja) Dled) el ilade 1 sy o5 Jslaall g sy

Leleaad 3 yal) ddall juiaad
dreatll 53 e A5 S ¥
el o Al S v

lua = g
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Slda Pl pa LAl (aDadL

D L Y

63 7z 533e Al Ly (a5 58 Sach & (Plasmids) <law U
scc ) Supercoiled circular closed DNA ol e a3l
A iS A Al LY eswges SI Lo 1) & 5L aal g6 (DSDNA
.(Genome)

5a ol e ldl 46l e DU Ll (oMl 45 )k e
Al g« Mini-prep. — aias s Minimum alkaline preparation
.(boiling method) el p=dlasu) 48 Hh o s A) (adlaiul 44 )k

Bl Apaclal) 48 jhall alel) uba)

(protype)adaiall dgall auel LAY dpai | )

Lbal 5 LysOzyme a3 s A Jad) Jslaall aladiuly 404l andass Y
Gl g o5y s e s Slisy pll AW Proteases <l W
RERTEOA|

(il ailal o) Eus NaOH |, SDS (1 (sS4l B Jslaall aladind LY
Joadl 48l 3okl saal o PH=1Z ) s soned) A800 &4
DNA b, i
s ae sl 2 5 Clilee ey L) Ll jui g alaat Giaa

Adle 3 ) gay atin o Uailas a0 Lal)

Aot sy 53 50 A ) ) AU dla i) elSan A 5 ghaall o i

it gl 2 el il die SN Ao iV day 5 3 A s sl 5 s

& agall Al JKA 3 e LS ALl

(s axa 5 3 i Potassium acetate a sauls ol <A ddla) die L ¢
8l o ailaa e g Jabaill ) s ja el 80 (asdd
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Lol € e 55 dha o Ui g o5 a0 3 e (SN A 5 5]l

SM K- ) cilia dmplall ailla Y 2w 330 0 gmy 5 ¢ o0 g 505 S
.( acetate 300ml

Gladg pll iy Jad et Al Solvents cluiall Al |

Ak 3 ( Lipoproteins ) duss,dl osaall ) 4l lasen ¢y spl
) Sl sl Ll A i s (e il ciludal
. Non-Polar phase ki) sl el (e ) sl 5 dalladll

JsaSl Al as o i s DNA e sl 2alal 28l 335 .

- Gllad L8

5 yoad) Lacldl) 45y hll DNA (adaid 48K odlef o ghall Jia
c el Ll ol e UL dalal)

Jasd) @ ghad
clmiall g oo )l g Jullaall judand : Y

4 ( Phenol-Chloroform ) a5 s—855s5J sudll Cuie jucas

Jsidll e o L (ACid phenol padall Juall) 4de Gllayy (V1Y)
Cla gy Jle ales 86710 3 ) 4 ) Beaker ala) ol

cpaall iy a8 g I (gaall 22y) 43

.absolute alcohol %)+ + Gl i JsaS .

)

Y

@IAJ):\LQSJ\.@ADJMM})L&A;LA@%V~ uJ:\'j JsS Y

A G 8 Y s ) TE e )0

i A ) G sned 5 Jarg s (4 ¥ s+, ) TriSHCL
codlel paaall Jsidl e Yy Jslaall 138 alasinl Juady L sl

¢

fe)

(SDSNaOH ) B Juadl Jstaall dblia) 5 ghi cpa —: Lilh
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& » K-acetate Jslae SM (e ((der ¥ ) il Sk Vov ddlz) o
PR LY (R B 5 R TN I SURUITENG, SRR R G TN AT
L(3la 0 sadl Bl Laisy s Vortex Sles

c OBy 0 Bad A8 /8 )0 VW e v A (6K je i,
Aabre Cogaid Ll Y A8y 5 AKka 5 Al Aland g el N Jas
gl L =30 s sasn (Neutral  phenol) dalxiall J gl bl |

Jortex e

CAEAYE 55 VY e e e ey A8 (V) 3ael (g 38 ) 2
cAdle A8y g Baaa Aalae oot Ay gl ) N Jas
e 4S5 iy LAY (96) + v ) Gl OB e Gpeas dilial

.3\3..;@&*~ '63.«53\5)51\3)\);
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SEEELLPPS
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Buffers as jall Jalaal

pesen s A0 A gl s o al a sl sl Ll 3 aliea adiad
buffers 5 all Jlladl) e 4y sinll iy 3l 5 ey 538301 Cogadl 5 il
il 5 el ) (pn A Sl) il Sl sl Al e Al
Jpawil el ) ) i) ol Ailal mie ¢ Alladl) Canns i s el W) 3
L soxed) A8

(HA) cimn pads Lald e g 5iny slase s buffer s
WU e, el Aaglie e 5 ual 4l (A-) Ay Al sl
Bl (gais ¢ 3aclill g Gaalal (e ALEE LS Ailal die PH s kel
Cama U el sl b Ay il 50l Gmny Jisat ) s yall D (adlal
b dagilly ¢ A- U Jsais (HA) (e Land o s2e ) il sie 5 o(HA)
HA/A- Gy Lt ) gassaelE f Gads (4
ol ¢ esall Adai 8 deadinal Henderson — Hasselbalch alalas b
HA/A- dau s 8 50 ol (8 Gl jle J S jedan HA/A- s
e ade Jany 3 saal (paca PH 8 il s ) Jaé (50

(0) s @8 Ssle sl ) pK Aad daud 5 s )l das (520 235y
. PK Aad e 14 pH e a5 ¢ pllaill

>N 5 e sead aaa e Buffer capacity s )l dnru adiad
OH ) H' cllse aae) Ll e oo lall dan Goyiy cos ol cili Sa

(3as) s pH 32a 5 anall og Al anal pH puail 4, lladl)

FOEE pha es Al il
Glhal pas ) sty LISTHA 5 A= (0 U seae Sl -
(Ul al) saclall (e daslee Al 5 (A-) HA (0 4 slee LS =Y
88l g Jaldn ¢ calisad
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ic sana & HPO, / HPO,- e e Al 4y 0e 0.5 8 13d 5 =Y
. i/ U3 05 & HPO, s HPO,? S i

- Hander son — Hasselblach dates
Coma 1) (adl all (o)) @lal Jeld e ) guad Aalaa Cadill

. (HA)
HA H* + A-

(Gl il ¢ (gl pibe ) iy s T HA

(Au,al saclall ¢ oygig ol Jdha ) 2 g yacld i A

Lo pada = sacli )50 s A 5 HA Giie sl DS ) Jy
(Keg s K) J—lall ( Equilibrium constant ) ¢ sl <uls e jun

PATRUNY
[HT[A]
K= e
[HA]
s Alolas ol i il kel 5 5 5le Sl sl
[A7]
pH = pK + log ------------
[HA]
1
pH = -- log [H'] = log ----------
[H]

pK =-- log K
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Jllaall 5 55 1Al cilina
2l Jllaadl jucaad aie 3060 ol ) ddaa e sy
bl lle adl S Aokl -)
(sl Vs de gl e jlaie ela oladiul -
o il A daia Juady asial) ate ey (SaY) 2 Jillaall sat - ¥
) e pSibe 0.22 45 dan Jlie el e DA (e 4l i
(LS J A
A8 Baaa b s dillae pladiuly pH b - £
S e leaVL il glall aides -0
dBaada
Na OH a5 seall 208 5508 (e &3 3¥ 50 ) Jio 458 520l pladiad Als 3
gl KB Jemal dala ) e Yo ASED 5 e sl Juady

25 jall Alaall 228
Vl Cl = V2 C2
c._ajLLmS\ ?»J\ :V2 ¢ Vl
oslladll S 5 =G ¢ Cy

Dt At (b b dilaall dpeaald) 58 3 e g
Molarity (M) 4 ¥ gall -
el o A1) A e A al) Al o) 51 e s
The number of moles of solute per liter of solution
38 joe Lt Oaandld (G 38 jee on gy Jlae (g 2Y 50 Gl diad
el Clad) (55 ladl el (sl
Wt (Q) 1000
M = X
M.W V(ml)




. NaCl a0 pall 060 (0 4 ¥ 50 ) Jlaa Jead 1 V= Jlia
SR
(o) Joaall e ) ealiall 4y 30 () 3 5Y) 48 yaa =)
Na = 22.997 Cl = 35.459
il (ol e Jsandl alall 4Kl A0 () 5 9Y) ans - Y
Molecular weight of NaCl = 22.997 + 35.459 = 58.456
sl (e d— 1000 I anall Jus) s NaCl (10 a2 58.46 ()5 ol -V
> (353 (B bl
Tl
58.456 gin 1000 ml = 1M

5.8456g in 100 ml = 1M
0.58gin 10 ml = 1M

. NaCl Jslaa (0 0¥ 50 0.1 Sl 1 ¥ = Jlia

D sl
58.456 gin 1000 ml = 1M
5.8456g in 1000 ml = 0.1M
0.58gin 100 ml = 0.1M
0.058gin10ml =0.1 N
v Js

100 Jca =il 4 U (169.9 Joad 4i)s) AGNO; @l je 2 g0 oS

?L..QJ\EI)AO.S JJSAAUAJA
169.9g in 1000ml = 1M
(169.9 x 5)g in 1000ml = 5M
849.5g in 1000M = 5M
84.95¢g in 100ml = 0.5M = 500mM
One can continue to get several morality
8.495¢g in 100ml = 0.05M = 50mM
or
8.495g in 10ml = 0.5M
84.95g in 10ml = 0.5M
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(N) Normality 4 laedl —¥
S PO PO R I R U N - WY [REA L CN VS P TR
b al padl sl s el o S )0 A8 jre bl 4 lal) liaad

Abe 0.1 385 NapCO; pssall Glis S Jolas juaa 1) -l
. Ja250 panss
D dall
0.1 = (wt/53) x (1000 / 250)
=1.325gm

[PPM] part per million ¢gdalls ¢ 32—
iy 1o s aiad Jdlaall 380 5 G ull (bl ¢ Sl pasiy

Jslaal o Sl 3 el (e pale Ly i (5 sl
%Y+ 4 sy (Ethanol ) L) Jsasl (e dad v oo acaail -2 Jla

(paad pan ) %90 duy Lol Jl) Jslas (00 (paa / o2 )
ALl Al pladiuly -1 Jad)

95 x X =70 % 1000

95X =70.000
X =70.000/95
X =736.8 ml 95% (v/v) ethanol in 263.2 ml of D.W

Jard) 43, 5k
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RN
(Tris— HCL,EDTA) s e -

Hydroxy methyl amino methane- HCI,
Ethylene diaminetetra acetic acid (EDTA)

(pH =8.0) Tris—HCI Jslaa ¢ s N sa ) paaay

3 4axas (Tris — base 1 Al oosl) a2 VYY) )Y o) -
ublie 7 jle o gl 1Y axn (S0) G5

e z el alasauly Tris il s haia sle (e Ja Avv ozl -
.Magnetic Stirrer lea

sl Al A slhadl) Al I s soued) AL Ak -
sy HCI 4l o) Lle (conc. HCI) 58 5al el 551 5 el
sty sainls s s suel) w80 A8 e ae A3 Ay o3
O = 3ol el caay ¢ pH (mladsl Alls 3) pH-meter
(NaOH alassul,

e (50 b Lhidl gl pe do Vov e ) aaall LS -
. Volumetric Flask

(1) ok
(0.IM ) AN se QA TrisHCI s e cra Jal v v maal ()
L (0.25M ) 4y ¥ 3a 53 THSHCI 53 e a0+ + yaaan’ (¥
. (0.005M ) 4a ¥ sa 3 TrisHCI s fa cra Jad v v yaudans (¥
. (20mM ) A ¥ se A TriSHCI s a cra Jal e v saali (¢
. (50MM ) AN se A TriSHCI s fa cra Jad v v udaali (0
(0.IM ) AN se QA TrisHCI s e cse JaYo o juaald (7
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(05M) LN sa EDTA Jslan judaai— o
YVY,Y 8 EDTA-2Na - Al o) -
A dan S A4 s EDTA-2NA e 58 VAT ) ) -
7o) Slga dasi W3y iz el s kil sl e Jeh e Caual -
.magnetic stirrer ol
. S <l NaOH

(¥) crola
cdaY v A E0MM 4 Y s EDTA  uiaai-)
C Y o AImM LN EDTA _uaas-¥

Lysisbuffer ( A) Jdadl Jslaall judaas - ¥

( Outer membrane ) .~ L3l La 2l Cilaaly o g8l (5 Al 138 ania
a3 Jend g Al 6 g5 A ) sl A3 ) sal) iy ke S A AN
. ( Peptedoglycan ) (SIS sasd) diks e Jesll Lysozyme Jlal

STET _waida Jlad) Jslaal) o 3tk
(Sucrose, TrisHCL, EDTA, Triton X-100)

-. ngLAS J.al c«LsJ\ﬂ\ msanl = yﬂu‘
Sucrose ( 8% W/V )
Triton X- 100 ( 0.5% W/V )
EDTA, 5mM ( pH 8.0)
Tris—HCL 10mM ( pH 8.0)
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(*) cps
el Jlaall judany A3yt dladall @ ghill L,US o

psnsall CBA Jolaa o K — acetate agmbisd) COA Jolaa yudaad ¥
. Na-acetate

o il i, 1) Aled axdiiy Jglae a5 ¢ K — acetate Joad,
5_adl sacldl) (At 45 yhy LI e DNA (Mt o sha

(£) o

O J e (PH 6.0) 530 ¥ 50 0 5850 da Vs dolae s ()
(MW = 39.102) a suulisall DAL i sl

O o e (pH 6.0) 532 ¥ 500 5850 da Vs dslae yuas (Y
(MW =59.0 )a 2 sacall Al iy 50l
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sl
51216 sl s« THSHCI (e e )a Jslan st cas
¢ 0.005M
121.6g in 1000ml = 1M
60.8g in 1000ml = 0.5M
6.08g in 1000ml = 0.05M
0.608g in 1000 ml = 0.005M
sl
51216 sl 4y« THSHCI (e e )a Jslan st cas
¢ 5M
121.6g in 1000ml = 1M
60.8g in 1000ml = 0.5M
60.8gin 100ml = 5M
Tl

¢0.002M H,SO; e 1500M sl zliai 5M HpSO4 oo _siake oS

Litersx M (dilute solution) = liter x M (concentrated solution)
1.5x0.002 =litersx5

liters=1.5x0.002/5 =0.006 liters

0.006 x 1000 = 6ml
Take 6 ml of concentrated solution and diluteto 1.5 liters
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Example

Prepare 2 liters of 0.4M HCI starting with a concentrated HCI
solution (28% w/w, SG = 1.15)

Litersx M = number of moles
2 X 0.4 = 0.80 mole HCI needed

wty = number of moles x MW = 0.80 x 36.5
= 29.2 g pure HC| needed

The stock is not pure HCI, only 28% HCI by weight
29.9/0.28 = 104.3g stock solution needed

Instead of weighing out 104.3g of stock solution, one can
calculate the volume required

VOl o = Wty/pgm = 104.3/1.15 = 90.7 ml stock solution needed

Measure out 90.7 ml of stock solution and diluteto 2 liters with
water

Short solution
Use one equation

Vol =wt/p x % =29.2/1.15x 0.28 =90.7 mi
W =vol x p X % = 1000 x 0.322 = 3229
1000ml (1 liter) of solution

3229 of pur HCI

No. of moles = wtg/MW = 322/36.5 = 8.82

Concentrated stock solution is 8.882M
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Methods of Cell Breaking WMAY adass 34 jha
A agall A gall iy el (edaiad Jal e WA adaat] il sae Sl
13kl oda aal L Lady clgd

Mechanical Techniques Asalsuall el ; Y

Automated Milling Technique %1 Gawdl 448 -

Gsna g dall Cila o5 ¢ WA amhaail Mortar oslell Sles pasiog
DAL LS adaatl) (g 2S00 el ) a0

French Press Technique 4SSl ¢l pusal) aladdia) 4085 -
Lia U alasiud 5 Jslae (4 Ly DA o DAY s e 4 adied
Aaali ASilSie 3 Jeal 8 i il

Physical Methods 4 sk sl el @ Ll
Sonication 4sgall 558 s gall
s Eym 23 5 e Afsall B8 i s sl LDAN (g 0
L) A paall il sl
VT =Y e G Lglan i a8 Ae ganse A ga Dl e )
Cp— gy 5 a8 5 Super Sound Waves 4d sa ) (54 Cila ga LY
A SORIPIIPE T S

slaa¥I LD o5 eyt & semall ol Gaun 4 peall s sall (5
& i Y A jeaall clal) DA e A8l cla il 5 Ly el
ol i g s gl mlaall g s sl e oSl culiy dall Goan (il
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Claca o ey Lo dlal) el S ddiie <)) sl gaal gage caa S

eise G (5235 (el

enia e cally g Sonicator — WA sl ot Sleall e slhy
iy ¢ A S @y aa dasiy oy Jaes 35ee 5 Probe § Sensor
claw 1 jlaall 240 Lals ) Lsla 8 5asa sal) LAY Glle JAlo uaiial
e 3 grall Al 5 ) Al o lead) Janidn dglae U Bl oy i
3 Y

Aidi sl Sl jad) 5 A8 ) ) Balall aphaal Jean 4 48kl (5 shua (0
e el b a5 clay 3 padlannd s 3aue A3kl (K155 )
Gols £ =Y 5, ) Gl A U e VI ¢ el il da
) e =Y Baal g eyl Cad il

MMotor

§

s L1 Display

Senscre
(probea)

1
-

outlet ﬂ—‘_:1 E

Sonicator Jgal hhis

|

e— inlet
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Freezing and Thawing 4!y seadll .
OSTs ¢ AaaY) alaad U U e 0 el Ao s L3 g LDAY dneat 505
o5 el (e HESH L) A5y Lal) 53a

Chemical techniques Al el ; B
Deter gents cilaial) alasiuf i
syl jlas s Anion detergent callud) Calaidl alasind L
&l D dia o Cag ) a5 « Sodium Dodecyl Sulphate ( SDS)
L by Slabaial g
. SDS Jic Anion detergent 4dludl cilalaidl LY

Jie Cation detergent s soll cilalaial) Y
Cetyl Trimethyl ammonium Bromide (CTBA)
. Triton V-1000 Jw Neutral detergent dalxiall ciladaia) Y

gL all 4 a 1S9 duna (bl @ b€ pa Ll o cladaiall oy g (R
=) a5y Lgdiasg Lipoprotein 4dall L,as] cliga pa Jalam
Aglisa g g Ada) o Laad ALalSY A3 LY AUl g L e

A ila) (o il EDTA S e lgae iy ciladiiall sasind vie Juady
SUCT 0S8 g Sl addioy Ul g ccilil) cpe gAY cilyiae o

Acid or Base Treatments dqaclal) ¢ Lucaalall datlaal) .

A sl Alal) e Aaaiul) 33500 A

(¢) G
Cal ALY B gana Luclal o) Auzaaladl dadlaal) 13l
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Biological Methods 4sa gl sl 331 skl - lagl

dasi ) 2w« Hydrolysis Enzymes allall culay 5391 axsia
CLlss A Lysozyme m

Jlse b pea e clilal) Jasidd Jlae Wle Phages il o
ai & gal)

Antibiotics dsball Glalad) .z
p—haarl liid « g penicillin cple IS 4 gal) Slabiadl) aadins

Ay bl L Sl A gees

Jardl & glad

Materials dssthal J sall —2¥

3 pasal Nutrient broth (sl Gal) Bl e 30 Jan gl )
e Vv aaay dddae (Universal) slae iy 8 ¢ las) cal

3—bl & Nutrient Agar (sisd SY)) clall o )30 Jasl Y

-

S

e izl Escherichia coli a3 sl o sl b 35S <l paniasns ¥
.MacConky Agar L.

STET (A) Jall Jsladl .t

SDS-NaOH (B) Jall Jsladll Lo

-1 b WS sy (e )Lysozyme Solution. Jisll s 391 J glas .1
10 mg enzymein 10 mM Tris-HCL

. datza (e ) cqjjﬁg\c._\...\..\\j.\/
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Jasd) ¢ ghad - Ll
4, Nutrient Agar b—us e E.coil L3 wna 5.)

‘:\\
) yari o e J panll it 45, )y MacConky Agar L
L Lpand s 4

YA (paanig lals asdll NLBroth  dass ) 4l ¢l jaxieal) Jas | Y
A2 YA da o del

Adine Jo ) Cagpmd Lgl (J Ao )il ge de ) dan Y

Vo sa W A8EY 5550 00 v — Eav e Ao i 3 el g Kl Al L8
R

(Do Vo) i) ol e el Y (s 3S0al al wy ¢ Ul Lo
ds—aall Gada Vo (8 Blats ¢ Baal 53 jal plna ale Jslaay Jusiiy
e L3S pe d ks gyl I iy de ) 385 a8 ey ¢ (Al
el ity 5 Al

.Supernatant & ) # sk .1

Vortex gzl iz 3als (A) Jall Jolaall e Ja +,T0 Gilay LY
DAl ) pdal s sy

an s ol 5omD w38 Jslan G (o, 70) il Sila Yo Rl A
Auzalal G dele Guas 2 2 O YV da oy 20 ail

bk (sSa £00) oy gee aaa (B) Jislaal dilal .
L3 0 3adl 21 A Ledada 5 (INVerting) cwlélly 2 )

MacConky Agar Ll —le i oV 4w dav,) J&5 a0 )0
Cadlat) o 0 TV 3 ) s da ya dell Y saal Lguas s Nutrient Agar
(Y

2 e (@ gl g Jallaall ddlal 50 Control 3 has dldas Jee &4 )
sala U Ll ws¥l 3 Je b)) aaan phsadll s el (1) Al
(Y sl MA L NLA
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AU & gladll o) jal cpal Baasall A EOleall Ladsn VY
Ah 8liag 40 ladl g WA slaat g il Jgan Geuzaly p 8 dae) VY
gl

(LySiSB ) dadl Jstaal) dullad s 55S agsls
30 cl 2 LySiS A Aaul s A5l & ol b aslaail Cog i Hasily
Joal s ladl dasids (IYSOZYME) a3l (oo Aunlaiully bt 4 ja3
SDSNaOH e sl 5 il iandl (Iysis B-(B))
£rv aang A Jall Jslaall G 5 sha 3 Jall Jsladll Gl )
VY e s Se Yoo 5000 SDS e silsSile Yer) il Sike
.(NaOH J slas 5 jle
wonb ales i dnms s B Jadl Jslad Gl Y
(8 © 30 B a3 iy i gl iy oy L LY
el Jiladl e Liase sl sl alaiinly 5 s Aldae piand L ¢
(Spreading) il Ak g o505 Y D cadlanl o sal s
el Y oy e Cadlanl (e e v, )]
A el Jedl g i S daias Lo

slaii i dael 5 ) asdl b i) daadle
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Gel Electrophoresis b ¢Sl Jaa il

Introduction 4asial)
L2 e Pla e P Lall adad 485 5 iy Juadl 408 45,5l oo
—1 padind g Alagun g dag yu Ayl ety 5 )Y Dl e
e Joa all 35y ylay 35 5lie DNA Lall adad e e e Jacadl L)
. ( Cesium gradient technique) slawdl s (C5CL2 ) olaaiuly
DNA 1L 4 jlia 5 8ke el g0 DNA 1 35al) o550 sl LY
. phdl a8 ga s (Markers) ol

Dol 5 e Caase 3y ol o e i) b Gl ciai
Jslas a5 2 5« Ultra-Centrifugal Sucrose gradient 28i<ll ~ il
S =S e 2w Aglee (a0 A H5 Sl (e A & xie Jslae (358 DNA
OS5 e ) G G Sul) AES 7 8 s pa (S8 Cumy (Gl
i gra ¢ QB s il AGEY o5 e ey it yal) Ledl gl s Lo skl Caa
LS Lgadlaind 5 A 5all )55V 5 Dk 4 e ()5S Al adail Juad

Alsh dlee ) 2lisg 55 Sl e adadll 4

=1 & GE b axiiwdl gl gl 5 Juadl
. (Polyacrylamide ) saie el Jy 581 2Dla )
il il S 1 e a5 (Agaros) s SV s LY
DS e Llatd aaies net ASus S5 «(Polysaccharide)
s Gl ¢ sl POres cildied) ¢S LK ¢ Ule 58 5 S Laka
ki s« 00Y- ¢,V sa Wasiul SV 06Y — v0 o6 Sl
. 20Kb-200bp A3l (i)l 8 S Lall adad (e alSU 5, SV
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78— A 5l Lal) adad e (iU i) ey SV Dla aadig
Gl 58 5 e Lgiatd g Liud (588 ading 5 1bP-200Dp o Leans
@25 sl ol o il Sua acrylamide and  Bis-acrylamide
BonS et g 3 Al S ¢ 5 ald) Y
A g 55 e caraal Lol 45y Lkl o3 e s (e
ol Al eia
. ( Polyacrylamide Gel Electrophoresis) PAGE

D dalge Aay ) do e Y S DA DNA 338 Jira Ldiay
ol oo
- sSY) S LY
DNA 2554l )< .7
Sl g

A al) 3 )y Aaja 55 LSV e e DNA i s a5

(%)=, ) el Y ekl

D dand) & ghad
SN judaat - YJ\
Tris-Borate- ¢s )3 (s d—a Vo v (& 5508 e ae o,V Iy ()
il yoasall TBE Buffer
da il Jlgs Asasasdd Tray dpsall daw cn gl juasy (Y
e pladiul dim 8y5 5 ) pal) Aol 5 IAY) (5 ¢ Al S
oy 3.4l g Microwave
Gl "0 )l L ) geaidl WSl ) e Al ) Jpay 2ie (Y
a1 st Jae, e 00 aass Ethidium Bromide ( EB ) 4sa
(oend) o AT £ 3a o) ) Al druall Al
celall 8 Qfarle) ¢ A3 (bl dxual) pumas (6
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Lial) s ¢ 3eaY Las s Ledl Ll Geals Tray asall jumas : Ll
(a¥=1,0) 0o o5 Adlsars bl il (e il ikl 3 comb

2N

| -

it iyl iz gall Gl

3 3) s Slel b el ()5S wiad o pgs Al 8 WDl camy —IEE
C el il i e TIP Al Aand 535 bl cileladl

Tank o )30 juaas :L_,a\J
Al )5 A sall QUSBY) g das 55 A8l g ellae (g AN (S
gal) ol Al g sacl o g emy o) o) A b Lgtae sy s Juam

Olaa 1 TBB o TBE e(s oy Wall dalall 3 Y o 34l Sl cleile
e Al Dl mlans Lkt

b gy el e Aslall Al e e el s Geal ol )55 tlsald
o)) mdans e sl iy o e lexdse o 3al)

DNA gisal jani -7 Luilu
TE s 3 (e il S« 25 ade Jgeanll o5 2 DNA &3 a5 )
0.0IM S 5
Gl i 4 pa adl) Loading buffer Jusdll ¢ s by LY
b i) 1Ty DNA ass ¥ 0o s aan ¥ i (ss

Mgt a5 pan) 4 5l
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Asal) Al Tip ddand g ol = 3 oy LY

LAY Jals gl i sl

e (Wells) sl 3213 Tip (uds idasd 33 DNA #3505 Jsans 1Lialh
el

kil e Jm ) Gleal aa sl AN e elaad sale (laals
L TOV Al e s 50l Seme dind fiyg ¢ ansall )l
Bromophenol blue 4 —a i < a P2 e Jos 5l A8 je a5 :?ﬁls
.( Indicator)

Aazi ol o iall e iy Ll Gl S delu e 2 D de gila

Bo—3 A=) (e el Jads 1 p3a0) (e o Yoo =Y o) UV-Illuminator
(Gles el Sala ol o dadije daala ) e pasinly Anisd

s UBada

R U O PR I i R

LAyl el ) LY

ethidium bromide 4xsa juaad & a0 Y
(UV Source) alasiul e el jlaill ol 5 jaal)

~n

& it day ) PIA Jaad) Slad) a3

—:JgY) il

. EB 4xux « Bading buffer Juwaill ¢s jla ¢« TBB ss ) sall juzast |
coel a8 jaas (LS dis sl les asais Y

. s dlae) LY

e | RO
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CDA s alall o s ) sall aen sl L)
. e Jis il s DNA padlaiad Y

. s dlae) LY
LA (LA | N

e)_)d_\g'éJM:\.iaﬁa_\'édghE coli %é&dﬂhwd@\\
A Gl salell adlatd g Lgadaan]
(Gl S Sl i m i) ) e ) andl e i< Y

c 8 dlac) LY
1) ataal)

(e sl e el ) oS dom il s yuians

o dreatl) s )2y TE es ) (A Jin Al DNA 73503 juiass Y
LoD il LY

s Al A e el g

. S nE e L0
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