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Genetic Engineering

Involves:

Identifying genes and

Creating ñnewò genes or ñdesigner 
genes ò through genetic recombination .



Molecular Biologistsô Tools

Restriction endonucleases ïenzymes 
borrowed from nature.

Cut DNA at specific sites  = restriction 
sites .

Uses:  Cut DNA into smaller pieces for 
analysis and/or to construct recombinant 
DNA molecules (addition of a piece of 
foreign DNA to native DNA).



What is a Palindrome?

Hint: What do all these have in 
common?

Racecar

Hannah

Civic

Kayak

Level

Rotator



Molecular Biologistsô Tools

Restriction endonucleases contôd

2 types:  type I produces blunt end cuts, 
type II produces staggered cuts with 
ñsticky endsò.

Restriction sites have certain base 
sequences called palindromes, that are 
recognized by specific endonucleases.

DNA Ligase ïalso borrowed from 
nature joins the ends of cut strands.
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DNA ligase
joins the strands.

DNA from another source
cut with the same restriction
endonuclease is added.

Restriction endonuclease
cleaves the DNA.  

DNA
duplex

Sticky ends (complementary
single-stranded DNA tails)

Restriction sites

Recombinant DNA molecule

Copyright © The McGraw-Hill Companies, Inc. Permission required for reproduction or display.



Host/Vector Systems

What is a host?

What is a vector?

What is a plasmid?

What is a bacteriophage (phage)?



Host/Vector Systems

Use:  produce large amounts of 
recombinant DNA quickly, storage of 
DNA.

Most common host is E.coli bacteria 
but other bacteria and yeasts are also 
used.  All reproduce quickly.

Vectors : plasmids and phages carry 
recombinant DNA into host, fig 16.3



Host/Vector Systems

Vectors - Plasmids

Small circular pieces of DNA into which 
foreign DNA (10kb) can be inserted.

ñEngineeredò plasmids usually contain a 
gene for antibiotic resistance and one for 
a metabolic enzyme.  

Plasmids move in and out of the hostôs 
DNA (bacteria) and are replicated as the 
host reproduces.



Host/Vector Systems

Vectors - Plasmids

Why do we want to have a gene for 
antibiotic resistance?

Hint: Artificial selection.



Host/Vector Systems

Vectors - Phages

Derived from virus DNA, can accept 
larger pieces of DNA (40 kb).  

After ñinfectionò the DNA becomes part 
of the hostôs DNA and is replicated.

Other vectors are used to infect 
animal or yeast cells.



DNA Libraries

Collection of host cells with vectors, 
each containing pieces of DNA.

2 types

Genomic ïfragments of DNA from the 
entire genome.

cDNA ïfragments of ñexpressedò genes 
produced from mRNAs using reverse 
transcriptase. (cDNA= Complementary 
DNA) ïcomplementary strand to RNA)



Genetic Engineering Experiment

One of the 1 st attempts was to 
produce a ñsafeò growth hormone to 
treat pituitary dwarfism.

Prior to this, GH was isolated from 
cadaver pituitary glands ïrequired 
20,000 for treatment of population.  

Prion diseases were a concern 
(Crutzfeld Jacob, etc.)



Genetic Engineering Experiment

One of the 1 st attempts was to 
produce a ñsafeò growth hormone to 
treat pituitary dwarfism.

Procedure, fig 19.1:

Isolate mRNA from pituitary cells and 
use reverse transcriptase to produce a 
piece of cDNA (c=complementary).

Attach restriction sites to both ends of 
cDNA.



Genetic Engineering Experiment

Procedure contôd
Cut cDNAs and plasmids with a 
restriction endonuclease and insert 
cDNAs into plasmids (DNA ligase).

Insert plasmids into bacteria.

Screen bacteria containing plasmids (& 
cDNA) by growing in the presence of 
antibiotic.  Those that grow have 
antibiotic resistance carried by the 
plasmid and form the cDNA library.





**Note: 3 
possibilities in 
bacteria.



What are the possibilities?

A bacteria could geté



Genetic Engineering Experiment

Screening of the library - Finding 
clones with cDNA insert

cDNA is inserted within gene sequence 
for a metabolic enzyme.  

If bacteria DO NOT have a functional 
metabolic enzyme they have a cDNA 
insert.  



Genetic Engineering Experiment

Screening contôd - Finding the ñclonesò with 
growth hormone cDNA:

Transfer clones to filter paper.

Prepare a DNA ñprobeò with growth hormone 
sequence and a radioactive marker (nucleotide).

Treat filter paper with probe which will ñstickò or 
hybridize to growth hormone cDNA.

Lay photographic film over filter paper.  Clones 
with radioactive probe will cause spots to appear 
on film.







Identifying Genes in Organisms

Southern blotting :

Isolate DNA from a new source and cut using 
restriction endonucleases.  Separate fragments 
using gel electrophoresis.

Transfer fragments to filter paper.

Treat filter paper with a DNA probe for a 
particular gene and lay photographic film over 
filter paper.

If the gene is present, the probe will hybridize to 
a band and will cause a black spot on film.



1. Electrophoresis is performed,
using radioactively labeled
markers as a size guide in the
first lane.   

3. Pattern on gel is
copied faithfully, or
ñblotted,ò onto the
nitrocellulose.  

4. Blotted nitrocellulose
is incubated with 
radioactively labeled
nucleic acids, and then
rinsed. 

5. Photographic film is laid over the paper
and is exposed only in areas that contain
radioactivity (autoradiography).
Nitrocellulose is examined for radioactive
bands, indicating hybridization of the
original nucleic acids with the
radioactively labeled ones.      

2. The gel is covered with a sheet of nitrocellulose
and placed in a tray of buffer on top of a sponge. 
Alkaline chemicals in the buffer denature the DNA
into single strands. The buffer wicks its way up
through the gel and nitrocellulose into a stack of 
paper towels placed on top of the nitrocellulose.   
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acids
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Nitrocellulose paper now
contains nucleic acid "print"

Sealed container

Size
markers

Hybridized
nucleic acids

Film
Radioactively
labeled nucleic
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Identifying Genes in Organisms

PCR ïPolymerase Chain Reaction

Use:  produce large amounts of DNA 
from a small sample.

Basis:  DNA replication in a test tube.

Procedure:

Isolate DNA or make cDNA from RNA

Add a solution with DNA polymerase, 
primers and deoxynucleotides to produce 
copies of DNA.









Analyzing DNA

DNA sequencing
Use:  identify gene base sequence from 
normal organisms and mutations that 
cause disease.

Sequencing Procedure:
Isolate specific gene (DNA)

Prepare 4 PCR solutions with labeled 
probes and deoxynucleotides (dNTPs) + 
1 dideoxynucleotide (ddNTPs, have no 
OH group on 5ô end).





Analyzing DNA

Sequencing Procedure contôd

When a ddNTP is incorporated in new 
DNA strands, DNA synthesis stops.

Separate DNA fragments on a 
polyacrylamide gel.

Transfer bands to filter paper and expose 
to photographic film.  Band patterns 
indicate base sequence of gene.







Analyzing DNA

RFLP = restriction fragment length 
polymorphism. 

Uses:  forensic analysis, identifying 
patients with genetic alterations that 
may cause disease.

Principle:  DNA fragments of identical 
genes from different individuals will not 
be exactly the same size (point 
mutations, multiple copies, etc.).





Analyzing DNA

RFLP Procedure:

Cut DNA with several restriction 
endonucleases and separate pieces using 
gel electrophoresis; compare band 
patterns.

Band pattern (distribution of fragments 
by size) acts as a DNA fingerprint .




