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PCR - Polymerase Chain Reaction

« PCRis an in vitro technique for the amplification of a region of DNA
which lies between two regions of known sequence.

« PCR amplification is achieved by using oligonucleotide primers.

— These are typically short, single stranded oligonucleotides which
are complementary to the outer regions of known sequence.

primer complementary
to coding strand
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« The oligonucleotides serve as primers for DNA polymerase and the
denatured strands of the large DNA fragment serves as the
template.

— This results in the synthesis of new DNA strands which are
complementary to the parent template strands.

— These new strands have defined 5' ends (the 5' ends of the
oligonucleotide primers), whereas the 3’ ends are potentially
ambiguous in length.



Amplifying DNA in vitro: The
Polymerase Chain Reaction (PCR)

« The polymerase chain reaction, PCR, can produce
many copies of a specific target segment of DNA

« A three-step cycle—heating, cooling, and
replication—brings about a chain reaction that

produces an exponentially growing population of
identical DNA molecules

* The key to PCR is an unusual, heat-stable DNA
polymerase called Taq polymerase.
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PCR : Polymerase Chain Reaction

30 - 40 cycles of 3 steps :
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PCR reaction contains

o Target DNA (example: environmental DNA)
o 2 primers (20-30 nts long)

o Thermostable DNA polymerase

o Nucleotides (dNTPs)

o Mg** (cofactor for DNA polymerase)

Ayt

Mix is subjected to temperature cycling

Each cycle 94 °C
Denaturation Extension 12°¢
\ / Ti G
04 °C , 72 °C cmp
Annealing
30-60 °C
30-60 °C

(adjust temperature to balance between
specificity and amplification) Time



DNA Polymerase

* DNA Polymerase is the enzyme responsible for
copying the sequence starting at the primer from
the single DNA strand

« Commonly use Taq, an enzyme from the
hyperthermophilic organisms Thermus aquaticus,
isolated first at a thermal spring in Yellowstone
National Park

» This enzyme is heat-tolerant > useful both
because it is thermally tolerant (survives the
melting T of DNA denaturation) which also means
the process is more specific, higher temps result
in less mismatch - more specific replication



RFLP

* Restriction Fragment Length Polymorphism

 Cutting a DNA sequence using restriction
enzymes into pieces > specific enzymes
cut specific places

Starting DNA sequence:
5-TAATTTICCGTTAGTTICAAGCGTTAGGACC
3-ATT. GGCAATCAAGTTCGCAATAATGG

Enzyme X Enzyme X

5-TTC- 5-TTC-
3"-AAG- 3"-AAG-
5-TAATTT 5-CCGTTAGTT 5-CAAGCGTTAGGACC

3-ATTAAA 3-GGCAATCAA 3-GTTCGCAATAATGG



RFLP

* DNA can be processed by RFLP either directly (if

you can get enough DNA from an environment) or
from PCR product

« T-RFLP (terminal-RFLP) is in most respects
identical except for a marker on the end of the
enzyme

 Works as fingerprinting technique because

different organisms with different DNA
sequences will have different lengths of DNA
between identical units targeted by the
restriction enzymes

— specificity can again be manipulated with PCR primers



DNA technology allows us to study the
sequence, expression, and function of a gene

* DNA cloning allows researchers to
— Compare genes and alleles between individuals
— Locate gene expression in a body
— Determine the role of a gene in an organism

 Several techniques are used to analyze the
DNA of genes



Gel Electrophoresis and Southern
Blotting

One indirect method of rapidly analyzing and
comparing genomes is gel electrophoresis

This technique uses a gel as a molecular sieve to
separate nucleic acids or proteins by size,
electrical charge, and other properties

A current is applied that causes charged
molecules to move through the gel

Molecules are sorted into "bands” by their size
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* In restriction fragment analysis, DNA fragments
produced by restriction enzyme digestion of a
DNA molecule are sorted by gel electrophoresis

 Restriction fragment analysis can be used to
compare two different DNA molecules, such as two
alleles for a gene, if the nucleotide difference
alters a restriction site



« Variations in DNA sequence are called
polymorphisms

« Sequence changes that alter restriction sites
are called RFLPs (restriction fragment length
polymorphisms)
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* A technique called Southern blotting combines
gel electrophoresis of DNA fragments with
nucleic acid hybridization

« Specific DNA fragments can be identified by
Southern blotting, using labeled probes that
hybridize to the DNA immobilized on a "blot" of

gel
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DNA Sequencing

Relatively short DNA fragments can be
sequenced by the dideoxy chain termination
method, the first automated method to be
employed

Modified nucleotides called
dideoxyribonucleotides (ddNTP) attach fto
synthesized DNA strands of different lengths

Each type of ddNTP is tagged with a distinct
fluorescent label that identifies the nucleotide
at the end of each DNA fragment

The DNA sequence can be read from the
resulting spectrogram
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Analyzing Gene Expression

* Nucleic acid probes can hybridize with mRNAs
transcribed from a gene

* Probes can be used to identify where or when a
gene is transcribed in an organism



Studying the Expression of Single
Genes

* Changes in the expression of a gene during
embryonic development can be tested using
— Northern blotting
— Reverse transcriptase-polymerase chain
reaction

* Both methods are used to compare mRNA from
different developmental stages



* Northern blotting combines gel electrophoresis
of mMRNA followed by hybridization with a probe
oh a membrane

 Identification of mMRNA at a particular
developmental stage suggests protein function
at that stage



* Reverse transcriptase-polymerase chain
reaction (RT-PCR) is quicker and more
sensitive because it requires less mRNA than
Northern blotting

» Reverse franscriptase is added to mRNA to
make cDNA, which serves as a template for PCR
amplification of the gene of interest

 The products are run on a gel and the mRNA of
interest is identified
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« In situ hybridization uses fluorescent dyes
attached to probes to identify the location of
specific mMRNAs in place in the intact organism



Studying the Expression of
Interacting Groups of Genes

« Automation has allowed scientists to measure
the expression of thousands of genes at one
time using DNA microarray assays

* DNA microarray assays compare patterns of
gene expression in different tissues, at
different times, or under different conditions
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Determining Gene Function

* One way to determine function is to disable the
gene and observe the consequences

 Using in vitro mutagenesis, mutations are
infroduced info a cloned gene, altering or
destroying its function

 When the mutated gene is returned to the cell,
the normal gene's function might be determined by
examining the mutant’'s phenotype



* (Gene expression can also be silenced using RNA
interference (RNAi)

« Synthetic double-stranded RNA molecules
matching the sequence of a particular gene are
used to break down or block the gene’'s mRNA



* In humans, researchers analyze the genomes of
many people with a certain genetic condition to try
to find nucleotide changes specific to the condition

« Genetic markers called SNPs (single nucleotide
polymorphisms) occur on average every 100-300
base pairs

« SNPs can be detected by PCR, and any SNP shared
by people affected with a disorder but not among
unaffected people may pinpoint the location of the
disease-causing gene
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Forensic Evidence and Genetic

Profiles

* An individual's unique DNA sequence, or genetic
profile, can be obtained by analysis of tissue or

body fluids

* DNA testing can identify individuals with a high
degree of certainty

* Genetic profiles can be analyzed using RFLP
analysis by Southern blotting



« Even more sensitive is the use of genetic markers
called short tandem repeats (STRs), which are
variations in the number of repeats of specific
DNA sequences

* PCR and gel electrophoresis are used to amplify
and then identify STRs of different lengths

* The probability that two people who are not
identical twins have the same STR markers is
exceptionally small



(a) This photo shows
Washington just before
his release in 2001,
after 17 years in prison.

Source of STR
sample marker 1
DNA sample on 17.19
victim ’

Earl Washington 16,18

Kenneth Tinsley 17,19

STR STR
marker 2 marker 3
13,16 12,12
14,15 11,12
13,16 12,12

(b) These and other STR data exonerated Washington
and led Tinsley to plead guilty to the murder.



