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Chapter 10
Manipulating Genes

How DNA Molecules Are Analyzed

Until the development of recombinant DNA techniques, crucial clues for understanding 
how cell works remained lock in the genome.  Important advances in understanding 
gene structure and regulation had been made by indirect genetics mean in “model” 
organisms such as E.coli. 
Unlike a protein a gene doses not exist as discrete entity in cells, but rather as a part 
of much larger DNA molecule. 

Restriction Nucleases Cut DNA Molecules at Specific Sites

A nuclease catalyzes the hydrolysis of a phosphodiester bond in a nucleic acid. But 
restriction enzymes have property that is distinct from other nucleases:  they cut double 
strand DNA only at particular sites, determined by short sequence of nucleotide pairs. 
Restriction nucleases can therefore be used to produce a reproducible set specific 
DNA fragments from any genome. The main reason they are so useful is that a given 
enzyme will always cut a given DNA molecule at the same site. 



2

Gel Electrophoresis Separates DNA Fragments of Different Sizes

After a large DNA molecule is cleaved into smaller pieces using a restriction nuclease, 
it is often desirable to separate the DNA fragments from another.   This is usually 
accomplished using gel electrophoresis, which separates the DNA fragments on the 
basis of their length.   



3

Genome Sequences Are Searched to Identify Genes

Once the complete nucleotide sequence of a genome has been obtained, the challenge 
becomes identifying its resident genes and determining how they function. The difficult 
process of interpreting the genome sequences by locating its genes and assigning 
functions to them is called annotation.  Since prokaryotes don’t contain introns, it is easy 
to assign genes locate on the chromosomes. However, presence of intron and exon in 
genes on the human chromosome complicates identification of genes.  

Nucleic Acid Hybridization

A molecule of DNA can undergo denaturation and renaturation. For hybridization to 
occur the two single strand must have complementary nucleotide sequences that allow 
base-pairing.  The two strands of a DNA double helix are held together by relatively 
weak hydrogen bonds that can be broken by heating the DNA to around 90 oC or by 
subjecting it to extreme pH. 

Once gene has been identified, we might want to know at what stages in development
and in what tissue the gene is transcribed.  We might also want to know whether an 
organism whose genome has not been sequenced contains a related genes. We can
search mutations etc.
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DNA Hybridization Facilitates the Diagnosis of Genetic Diseases

To search for a nucleotide sequence by hybridization, one first needs a piece of nucleic 
acid with which to search.  This DNA probe is a single strand DNA molecule, typically 
10-1000 nucleotides long, that is used in hybridization reactions to detect nucleic acid 
molecules containing a complementary sequence.  

Hybridization on DNA Microarrays Monitors the Expression of Thousands of 
Genes at Once

One of the most important uses of nucleic acid hybridization is to determine, for a 
population of cells, exactly which genes are being transcribed into mRNA and which 
genes are transcriptionally silent.  DNA microarrays enable us analyze genes by 
allowing the RNA products of thousands genes to be monitored at the same time. 
By examining the expression of so many genes simultaneously, we can begin to 
identify and the study complex gene expression pattern that underlie cellular 
physiology: we can see which genes are switched off (or on) as cell grow, divide, 
or respond to hormones, toxins, or infections.  
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In Situ Hybridization Locates Nucleic Acid Sequences in cell or on Chromosomes

Nucleic acid probes labeled with florescent label are used to locate specific nucleic acid 
or RNA sequences while they are they are still in place within the cell or are still part of 
the chromosomes.  This procedure is called in situ hybridization. 
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DNA CLONING

The term cloning is used in two senses: in one literally refers to the act of making 
many identical copies of a DNA molecule.  However, it is also used to describe the 
separation of a particular stretch of DNA. From the rest of a cell’s DNA, because this 
isolation is facilitated by steps in which many identical copies of the DNA of interest are 
made. 

DNA Ligase Joins DNA fragments Together to Produce a Recombinant DNA 
Molecule

DNA ligase allows joining together any two DNA fragments.  Because DNA has same 
chemical structure in all organisms, the simple maneuver allows DNAs from any source 
to be untied.  

Recombinant DNA Can Be Copied Inside Bacterial Cells

For many applications of DNA technology, it is desirable to make identical copies of a 
defined stretch of DNA, often gene. When bacteria replicate its own DNA, it is also 
replicate or copies the introduced DNA.  DNA can be introduced into bacteria by a 
mechanism called transformation.  
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Specialized Plasmid Vectors Are Used to Clone DNA 

Investigators interested in cloning, however find it easier to manipulated, copy, and 
purify their recombinant DNA when it is maintained as an independent molecule, 
separate from the bacterial chromosome.  To maintain foreign DNA in a bacterial cell, 
a bacterial plasmid is used as carrier, or vector.  The plasmids typically used for gene 
cloning are relatively small circular DNA molecules of several thousand nucleotide pairs 
that can replicate inside a bacterium.  A plasmid vector contains a replication origin, 
which enables it to replicate in the bacterial cell independently of the bacterial 
chromosomes. It has a cutting site for a convenient restriction nuclease, so that 
plasmid DNA can be opened and foreign DNA fragment can be inserted.   Plasmids 
also contain a gene for some selectable property such as antibiotic resistance gene, 
which enable bacteria to take up recombinant DNA to be easily identified.  

Humans Genes Isolated by DNA Cloning 

In order to isolate gene, we have to have either genomic or cDNA library. Human 
DNA is the first from a tissue sample and cleaved with a restriction nuclease, which 
produce a millions of different fragments is then ligated into plasmid vectors under the 
conditions that favor the insertion of one DNA fragment for each plasmid molecule. 
These recombinant plasmids are mixed with a culture of E.coli at a concentration that 
ensures that no more than one plasmid molecule is taken up by each bacterium. The 
collection of cloned fragments in the resulting bacterial culture is known as a DNA 
library.  In this case it is called a genomic library. 
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For many applications of DNA technology, it is advantageous to obtain a gene in a 
format that contains only the coding sequence, which is lack of intron.  In this case 
we can prepare a cDNA library.  A human cDNA library is similar to the genomic 
library in that it also contains numerous clones containing many different human 
DNA sequences.  But it differs in one important respect.  The DNA that goes into a 
cDNA library is not genomic DNA, but instead DNA copied from the mRNA present 
in particular tissue. 

There are several important differences between genomic DNA clones and cDNA
clones. 
1-Genomic clones represent a random sample of  the DNA sequence found in an 
organism’s genome
2-Genomic clones from eukaryotes large amounts of repetitive DNA sequences,
introns, gene regulatory regions, and spacer DNA, as well as sequence that code 
for proteins. 
3-cDNA contains only coding sequences, and only those for genes that have 
transcribed into mRNA in the tissue
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The Polymerase Chain Reaction (PCR) Amplifies Selected DNA Sequences

Cloning DNA libraries was once only route to gene isolation, and it is still used in 
sequencing whole genomes and dealing with very large genes. However, a method 
known as polymerase chain reaction (PCR) provides quicker and less expensive 
alternative for many cloning applications, particularly for those organisms whose 
complete genome is known.



10

There are several useful applications of PCR

1-PCR is now the method of choice for the cloning relatively short DNA fragments fro
a cell.  

2- PCR can be used for detection of infections by pathogens at early stages.

3-PCR has great potential in forensic medicine.  Its extreme sensitivity makes it possible 
to work with a very small sample (minute amount of blood and tissue may contain 
remnants of a single cell) and still obtain a DNA fingerprint of the person from whom 
it came.   The genome of each human differs in DNA sequence from the genome of 
every other human; the DNA amplified by PCR using a particular primer pair is therefore 
quite likely to differ in sequence from on individual to another. 
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DNA Engineering

Completely Novel DNA Molecules Can Be Constructed 

New DNA can be made from the recombinant of naturally occurring DNA sequences, 
or its sequences can be determined entirely by the experimenter by using chemically 
synthesized DNA. By repeated DNA cloning steps, synthetic and naturally occurring 
DNAs can be joined together in various combinations to produce longer DNA 
molecules of any desired sequences. 

Rare Cellular Proteins Can Be Made in Large Amounts Using Cloned DNA

Thousands of different proteins in a eukaryotic cell, including many with crucially 
important functions, are present in very small amounts.  For these, it used to be extremely
difficult, if not impossible, more than a few micrograms of pure material.  One of the 
most important contributions of DNA cloning and genetic engineering to cell biology is 
that they make it possible to produce any protein, including rare ones, in large amounts.  
This high level of production is usually accomplished by using specially designed vectors 
known as expression vectors. Unlike the cloning vectors, these vectors also include 
appropriate gene regulatory and promoter DNA sequences necessary to enable an 
adjacent protein-coding DNA insert to be efficiently transcribed. 
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