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Cheap fixes
- Physical separation ="DNA-in-the-cap”
- Set up reactions on ice
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Hot-start PCR -holding one or more of the PCR components until the first heat
denaturation

= Manually - delay adding polymerase

- Wax beads

- Polymerase antibodies
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PCR additives

- 05% Tween 20

- 5% polyethylene glycol 400 PE(5)
- g¢betaine

- (PMSO
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Touch-down PCR - set stringency of initial annealing temperature high, incrementally
lower with continued cycling
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Solution for mis-priming

Cheap fixes
- Physical separation -"DNA-in-the-cap”
- Set up reactions on ice

Hot-start PCR -holding one or more of the PCR components until the first heat
denaturation

= (Manually - delay adding polymerase
= Wax beads
= Polymerase antibodies

Touch-down PCR - set stringency of initial annealing temperature high, incrementally
lower with continued cycling

PCR additives
= 0.5% Tween 20
= 5% polyethylene glycol 400
— betdine

- DMSO
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@ Reagents, set-up Run negative control
Template concentration inappropriate ~ Review quidelines
& Annealing temp too low Optimize by gradient PCR

Q) Extension time too short I time for longer products
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& Cycle number too high Review gJideﬁnes

@ Primer design not appropriate I specificity
(&> Primer concentration too high Optimize by titration
@ WNon-specific priming I specificity, Hot Start
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@ MgCl, concentration too high Optimize by titration

GC-tich template, ] 2° structure PCR additives
@ Contaminating DVA Decontaminate work area:
use ARTs, wear gloves,
pipettor, reagents,
[N) treat plastics
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Troubleshooting PCR
Non-specific bands on your gel

Reagents, set-up Run negative control

Template concentration inappropriate ~ Review guidelines
Annealing temp too low Optimize by gradient PCR
Extension time too short I time for longer products
Cycle number too high Review guidelines

Primer design not appropriate fl specificity
Primer concentration too high Optimize by titration
on-specific priming I specificity, Hot Start

MgCl, concentration too high Optimize by titration

GC-rich template, 11 2° structure PCR additives
Contaminating DIVA Decontaminate work area:
use ARTSs, wear gloves,
pipettor, reagents,
[\ treat plastics



Troubleshooting PCR ‘ v lol> g Ll
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Template concentration inappropriate ~ Review guidelines
Tag concentration too high Optimize by titration )
Extension time inappropriate I—Qeview guidelines | » EJ?o?)T;f 5‘:"51'&;%
. . B xtension 26.“:“; d;.\.;
Cycle number too high Reduce, review guidelines R gas s, du
Primer design not appropriate I specificity &= —
Primer concentration too high Optimize by titration
on-specific priming use Hot Start
MgCl, concentration too high Optimize by titration
GC-rich template, ] 2° structure PCR additives
Contaminating DVA Decontaminate work area:

use ARTSs, wear gloves,
pipettor, reagents,
UV tre~t plastics



Troubleshooting PCR
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Problem with thermocycler, set-up, Run positive control
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Enzyme concentration low fI Concentration et I

Annealing temp too low Optimize by gradient PCR S Byl Jys

Extension time too short fI Time for longer products T

Cycle number too low Review guidelines bt SJ'f;ﬂ

Primer design not appropriate I Specificity

Primer concentration too high Optimize by titration

on-specific priming I Specificity, Hot Start

MgCl, concentration too low Optimize by titration

GC-rich template, ] 2° structure PCR additives
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B Itis alarge protein fragment produced when DNA polymerase
I from E. coliis enzymatically cleaved by the protease subtilisin.

B It retains the 5 — 3 polymerase activity and the 3' — 5
exonuclease activity for removal of precoding nucleotides and
proofreading, but loses its 5 — 3" exonuclease activity.

B The other smaller fragment formed when DNA polymerase I
from E. coliis cleaved by subtilisin retains the 5’ — 3
exonuclease activity but does not have the other two activities
exhibited by the Klenow fragment (i.e. 5 — 3" polymerase
activity, and 3' — 5’ exonuclease activity
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d «——— Synthesis of double-stranded DIVA from single-stranded templates

A <«—— Filling in receded 3" ends of DVA fragments to make 5’ overhang blunt
d «—— Digesting away protruding 3’ overhangs

i <«—— Preparation of radioactive DNVA probes

Reverse pay| b 9 MRNA == Coy @l &3 o< Double strand of DNA guai ylii
Strand JI gl G4 (435 19 yuay olasd Single strand of DNA i< lglb lgi999 transcriptase
.Strand JI (& @i Sl=lbis g Klenow fragments Jl cuzud gl

Blunt =2 dglwiso Slyb3| yuas plise lgxd U1 wlelyall S Ty '3 (0 Jebl '5 JI L (s 13]
.Overhang yuo

leady Zoys 60153 13]

Jacl yaig giall g 3log Phosphate ade (19548 Radioactive polymerase waus (o0
Ol yab g damub yive O3Mw 9 Jl> 9 DNA U Detection

Oloyidl s Ju8 PCR JI ddosy oloasiuwl puysl Jgl o2
Taq & Pfu Jio »35T Thermostable & U astll



goil Jsall Liuogll

K'enow fr agment Overhang (55 48) 7 o " 05310 bl ol

Blunt end (dhuwsio alg) BE dgluwio Sl 0w dbdill Guss aie Hladgny byl MS
o

B The Klenow fragment, which lacks activity, can be very useful in
research. The Klenow fragment is extremely useful for research-
based tasks such as:

- Synthesis of double-stranded DIVA from single-stranded templates
= Filling in receded 3" ends of DNA fragments to make 5’ overhang blunt

- Digesting away protruding 3’ overhangs
= Preparation of radioactive DIVA probes

B The Klenow fragment was also the original enzyme used for
greatly amplifying segments of DNA in the polymerase chain

reaction (PCR) process, before being replaced by thermostable
enzymes such as Taq and Pfu polymerases
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B Justas the 5 — 3" exonuclease activity of DNA polymerase I
from E.coli can be undesirable, the 3' — 5’ exonuclease activity
of Klenow fragment can also be undesirable for certain
applications. This problem can be overcome by introducing
mutations in the gene that encodes Klenow. This results in
forms of the enzyme being expressed that retain 5° — 3’
polymerase activity, but lack any exonuclease activity (5" — 3
or 3 — 5'). This form of the enzyme is called the exo- Klenow
fragment.

B The exo-Klenow fragment is used in_some fluorescent labeling
reactions for microarray, and also idA and dT tailing, an
important step in the process of ligating DNA adapters to DNA
fragments, frequently used in%preparing DNA libraries for Next-
Gen sequencing
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Reverse transcriptase- PCR

RT-PCR is a PCR test that is designed to detect and measure RNA.
Although initial PCR tests amplified DNA, many viruses and other
biological components (for example, mitochondria) utilize RNA as

their genetic material.

RT-PCR differs from conventional PCR by first taking RNA and
converting the RNA strand into a DNA strand.

This is done by using an enzyme termed reverse transcriptase
instead of the DNA polymerase which allows a single strand of RNA
to be translated into a complementary strand of DNA.

RT-PCR is used to detect and study many RNA viruses
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RT - PCR
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RT-PCR

RT - PCR

0 aCells or tissue

~y

Isolate total RNA or mRNA

Anneal a

y
Vv

nchored olige (dT) primers,

random primers or specific primer

¥

mRNA AAAAA
g\ TTTTT
®
First strand synthesis
mRNA AAAAA
cDNA TTTTT

First cycle PCR

¥

Amplify by PCR

I

It




Real time-PCR

B Redal-Time PCR is a variation of PCR that allows analysis of the
amplified DNA during the usual 40 cycles of the procedure. Although
the procedure is similar to conventional PCR with cycling, Real-Time
PCR uses fluorescent dyes attached to some of the building blocks
or small nucleotide strands.

B Fluorescence occurs when the amplified DNA strands are formed.
The amount of fluorescence can be measured throughout the 40
cycles, and allows the investigators to measure specific products and
their amounts during the amplification cycles (no need for gel
electrophoresis, producing more rapid results)




Fluorescent dye-based DNA probe-based
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Fluorescent dye real time PCR
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Feature Fluorescent Dye-Based PCR DNA Probe-Based PCR

Detection Mechanism Dye binds to double-stranded DNA Probe emits fluorescence when cleaved

Specificity Low — detects any dsDNA High — detects specific DNA sequences

Fluorescence Trigger Accumulation of dsDNA Probe cleavage during extension " “l"l Q““)).bJI .l I a,)[_ao \JSJ"

Cost Lower Higher

Complexity Simple setup Requires custom probe design

Applications General quantification of DNA Precise detection of target sequences

Risk of Non-Specific Signal Higher — dye binds all dsDNA Lower — probe ensures target
specificity




Other PCR variations

B In addition to Real-Time PCR and RT-PCR, there are many more
variations (at least 25) that exist and are used to solve specific
problems. They all have different names such as Assembly PCR,®

@ Hot-start PCRéY\ultiplex PCR, Ggolid-phcxse PCR and many others




PCR has become a very powerful
tool in molecular biology

B One can start with a single sperm cell or strand of hair
and amplify the DNA sufficiently to allow for DNA
analysis and a distinctive band on an agarose gel.

B One can amplify fragments of interest in an organism’s
DNA by choosing the right primers.

B One can use the selectivity of the primers to identify the
likelihood of an individual carrying a particular allele of a
gene.



Applications of PCR

Selective DNA isolation (as in cloning or fingerprinting of organism)

Amplification and quantification of DNA (forensic medicine when
trace amounts remains)

Medical applications:
- Genetic testing looking for genetic disease mutations
- Tissue typing important for organ transplantation
- In early detection of cancer as leukemia and lymphoma

Infectious disease application as in HIV virus, Tuberculosis and
spread of disease organism in animals

Forensic applications: as genetic fingerprinting of DNA in crime
scene and DNA Paternity testing



PCR and Disease

B Primers can be created that will only bind and amplify
certain alleles of genes or mutations of genes

B Thisis the basis of genetic counseﬁng and PCR is used as

part of the diagnostic tests for genetic diseases.

B Some diseases that can be diagnosed with the help of
PCR:

B Huntington's disease
B cystic fibrosis

B Human immunodeficiency virus
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Huntington’s Disease (HD)

HD is a genetic disorder characterized by abnormal body movements and reduced
mental abilities

HD is caused by a mutation in the Huntingtin (HD) gene

In individuals with HD, the HD gene is “expanded”

= In non-HD indviduals, the HD gene has a pattern called trinucleotide repeats
with “CAG” occurring in repetition less than 30 times.

- IV HD individuals, the “CAG” trinucleotide repeat occurs more that 36 times in
the HD gene

PCR can be performed on an individual's DNA to determine whether the individual has
HD.

- The DNA is amplified via PCR and sequenced (a technigue by which the exact
nucleotide sequence is determined) and the number of trinucleotide repeats is

then counted.



Cystic Fibrosis (CF)

CF is a genetic disease characterized by severe breathing difficulties
and a predisposition to infections.

CF is caused by mutations in the cystic fibrosis transmembrane
conductance requlator (CFTR) gene.

In non-CF individuals, the CFTR gene codes for a protein that is a
chloride ion channel and is involved in the production of sweat,
digestive juices and mucus.

In CF individuals, mutations in the CFTR gene lead to thick mucous
secretions in the lungs and subsequent persistent bacterial
infections.

The presence of CFTR mutations in an individual can be detected by
performing PCR and sequencing on that individual's DNA.



Human Immunodeficiency Virus (HIV)

B HIVis aretrovirus that attacks the immune system.

B HIV tests rely on PCR with primers that will only ampl'rf%a
section of the viral DNA found in an infected individual's bodily

fluids.

Therefore if there is a PCR product, the person is likely to be HIV
positive. If there is no PCR product the person is likely to be HIV

negative.

B Protein detection based tests are available as well but all US blood is tested

by PCR



PCR and Forensic Science

Forensic sciencefis the application of a broad spectrum of sciences to
answer questions of interest to the legal system. This may be in
relation to a crime or to a civil action.

It is often of interest in forensic science to identify individuals
genetically. In these cases, one is interested in looking at variable
regions of the genome as opposed to highly-conserved genes.

PCR can be used to amplify highly variable regions of the human
?enome. These regions contain runs of short, re&eated sequences
known as variable_number of tandem repeat (VNTR) sequences) . The
number of repeats can vary from 4-40 in different individuals.

Primers are chosen that will amplify these repeated areas and the
genomic fragments generated give us a unique “genetic fingerprint” that
can be used to identify an individual.




PCR Applications to Forensic Science
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B Paternity suits -Argentina’s Mothers of the
plaza and their search for abducted
grandchildren

B Identifying badly decomposed bodies or when
only body fragments are found - Bosnian , Iraq &
Rwandan mass graves
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B Sense: 5-AAA GGA TCC ACG TGT AAC CGT CGA GGT

B Antisense; 5-AAA GAA TTC CCG GTT CTA TGA TGC AAT TGC
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B Antisense; 5-AAA GAA TTC CCG GTT CTA TGA TGC AAT TGC



