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PCR Applications in Poultry Medicine

Saad Gharaibeh, DVM, PhD, Dip ACPV
Faculty of Veterinary Medicne
Jordan University of Science and Technology
Irbid 22110, Jordan

Central Dogma of Molecular Biology
V. Transcription of DNA to RNA to protein: This dogma forms the backbone of
molecular biology and is represented by four major stages:
a) Replication: The DNA replicates its information in a process that involves
many enzymes.
b) Transcription: The DNA codes for the production of messenger RNA
(mRNA).
¢) Processing: In eucaryotic cells, the mRNA is processed (essentially by
splicing) and migrates from the nucleus to the cytoplasm.
d) Translation: Messenger RNA carries coded information to ribosomes. The
ribosomes "read" this information and use it for protein synthesis.
Y. Proteins do not code for the production of protein, RNA or DNA; however, are
involved in almost all biological activities, structural or enzymatic.

DITA

Replication
l,lm‘or matio I'it DA duplicates

DINA

|
Informalion

¥
M Transcription

RINA synthesis
rva w

nucleus
] W

Info rrlrnal'i on

cytoplasm
nucleatr enwvelope +

Translation
Protein synthesis

Protein

The Central Doona of Molecular Bicology
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Biochemistry of Nucleic Acid

V. DNA consists of:

a) Purine (A&G) and pyrimidine (C&T) bases which contain the genetic
code.

b) Sugar (deoxyribose)
c) Phosphate backbone

Y. In double standard DNA:
a) A pairs with T
b) G pairs with C

Y. RNA contains U instead of T. RNA contains ribose instead of deoxyribose.

Enzymes in Molecular Biology

). Restriction Enzymes (Restriction Endonucleases) (RE): Each RE is named
after the bacterium from which it was isolated (ie. EcoRI: Escherichia coli).

Y. Ligase: brings 2 pieces of dsDNA with similar ends together.

Y. DNA polymerase: Synthesizes a complimentary strand of DNA using DNA as a
template (Taq polymerase)

¢, Reverse Transcriptase (RT): Synthesizes a complimentary strand of DNA using
RNA as a template

©. RNA dependent RNA polymerase: Synthesizes a complimentary strand of RNA
using RNA as a template.

Polymerase Chain Reaction (PCR)

Y. PCR is a technique for quickly "cloning" a particular piece of DNA in the test
tube (rather than in living cells like E. coli).

Y. This procedure can make virtually unlimited copies of a single DNA molecule
even though it is initially present in a mixture containing many different DNA
molecules.

Y. The discovery of Taq polymerase (that is very stable at very high temp) and the
development of computerized temp blocks made the PCR possible.

¢, The PCR technique was invented by Dr. Kary Mullis in 1983. He received Nobel
Prize in chemistry 10 years later.

Primers
V. Are synthetic sequences of single stranded DNA (20-30 nucleotides).
Y. Two different primer sequences are used to bracket the target region to be
amplified.
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Y. One primer is complementary to one DNA strand at the beginning of the target
region, a second primer is complementary to the other strand at the end of the
target region.

PCR Steps
Small quantity of the target DNA in a tube with a buffered solution containing DNA
polymerase, primers, the 4 nucleotides, and the cofactor MgCl2.

V. Denaturation of DNA (95C)
Y. Primer Hybridization (30C-60C)
Y. Polymerization (72C)

Reading the PCR Result
» After the PCR reaction is finished after ~ 30 cycles, the product is transferred to
agarose gel and separated gel-electrophoresis.

RFLP
V. Restriction enzymes (RE): Cut double stranded DNA at specific site called
recognition site.
Examples of RE: Haelll
RFLP uses RE to differentiate two very large pieces of DNA.

~ 1

The DNA is digested by particular RE then electrophoresed on an agarose gel.
If the pattern of bands on the gel does NOT match , the DNAs are not identical,.
1. If the pattern of the bands DO match exactly, more RE must be tried before the
two DNA can be declared identical.

o

* RAPD stands for Random Amplified Polymorphic DNA.

* The principle involved in generating RAPDs is that, a single, short
oligonucleotide primer, which binds to many different loci on the genome.

* This will result in amplification of random sequences from the DNA template.

* This mean that the amplified fragments generated by PCR depends on the
locations the primer will attach to.

@i w:‘_}’)‘ﬂw\ —



Ll PCR Jedecial 5 p—alll el A5 aladind J g Ay il 5 gl

Lo 3l ) gl cunal A & 80 g g g ) (il ) padss b

Introduction to Molecular
Biotechnology

Loy 31 A paiil] Ay yal) A laiall



¢l PCR ualuiiall 3 y—alll J—el i A8 ala i) g Loy i) 55
- G 3l ) gl a3 A S 5 A ) () (il —

Introduction to Molecular Biotechnology

Mohammad Q. Al-Natour, DVM, MPH, PhD
Avian Diseases Research Laboratory

Head, Department of Pathology and Animal Health
Faculty of Veterinary Medicine

Jordan University of Science and Technology
Irbid, Jordan

E-mail: mqalnatour @yahoo.com

June, 2006

General Molecular Biology Terms
e Genome

e DNA

e RNA

e Gene

e PCR

e Primers

e Restriction Enzyme
e Fingerprinting
e Mutation

Genome
* The entire nucleic acid molecule of an organism that encodes enzymes, proteins,
and other structural components
* For most bacteria, a single circular molecule containing DNA
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DNA
* Deoxyribonucleic acid
* Sugar-phosphate backbone and nitrogenous bases form the helical double-
stranded molecule
* Adenosine pairs with Thymidine
* Guanosine pairs with Cytosine

Sugar
Phosphate
Backbone

Base pair

Adenine
Nitrogeous
baso
Thymine
Guanine
Cytosine
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* Ribonucleic acid
* Contains Uracil instead of Thymidine

* Messenger RNA (mRNA) encodes proteins

* Transfer RNA (tRNA) chooses correct amino acid to build proteins

* Ribosomal RNA (rRNA) provides docking structure for protein assembly

raplacas Thyming in AMA

Mitrogenous
Bases

Ribonucleic acid

i i ; Mitrogenous
Deoxyribonucleic acid Bases
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mRNA/tRNA

mRMNA Transcription )
1

Idig om0

(/ Mature mRMNA

Mucleus

Transport to cytoplasm for
protein synthesis (translation)

Cell membrane
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Ribosomal RNA

bosomal prot
‘bosomal FNAGANA) RIDOSOMES

Rough endoplasmic reticulum
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Gene
* A portion of the genome that encodes a specific product, such as a protein or
* enzyme or other macromolecule
* Example: the gene stx1 encodes a shiga toxin from E. coli O157:H7
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Primers
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* Short pieces of DNA that bind to sequences of denatured DNA
* Sometimes designed to be highly specific to target a certain gene
* Sometimes designed to be degenerate to increase chances for binding

* Polymerase Chain Reaction
* Method developed by K. Mullis as a way to copy DNA in vitro
* One copy of a gene can be amplified 106 times so that it becomes “visible” by gel

electrophoresis or by fluorescent assays

POLYMERASE CHAIN REACTION

LW reices o detaresy,

1.
DA is denatured. Primers attach

to each strand, A new DMNA strand

L 3
2,
Anather round: DRA, is
denatured, prirners are
attached, and the
nurmber of DA,
strands are doubled.

5.

is synthesized behind prifmers on
each termplate strand.,

Y
3
Another raund: DRA
is denatured, prirmers
are attached, and the
number of DR
strands are doubled,

Continued rounds of amplification swiftly produce
large nurmbers of identical fragments, Each
fragrment contains the DRA region of interest,

el ) Aaill Ay yal) dalaial

L )
4,
Another round: DRA, is
denatured, prirmers
are attached, and the
nurmber of DMA,
strands are doubled,
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Enzymes produced naturally by many strains of bacteria as a defense mechanism

Enzymes cut DNA at specific combinations of A, G, C and T.
Named systematically: EcoR1 is the first enzyme isolated from Escherichia coli

B

EcoRI
DA fragments join

at aticky ends

OGN Bt Fan N T T DOOOK

OO TITTDOOCOOK

Pecormsinzunt DR,

[
EHN]
CH)
AL
]

T

Restriction Enzyme
Action of EcoRlI

ﬂ% a_)n\‘)‘)n*“»na_“u‘)’d‘* JERWA(] —



PCR Jodoiial) 5 y—all oL 40 ala 33 Jga Ayl 5510
Lo 3al ) gal) qupeai (A0 4 0 9 Agaug ) (ol aY) Qadull

'S).n.'a\a.a

Fingerprinting
* A term used to describe any method that provides additional information at the
molecular level to distinguish among bacterial strains

Mutation

* A change in the nucleic acid sequence that may or may not be readily observed
(lethal <—=> neutral)
e Insertion of A, T, Gor C
e Deletionof A, T, GorC
* Substitution of bases (point mutations)
e Inversions

Deleted area

C ]
]
mil
Before After
delstion deletion
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Chromosome
- threadlike structures in the nucleus that carry genetic information

Gene
- fundamental unit of heredity
- inherited determinant of a phenotype
Locus
- position occupied by a gene on a chromosome
Gene
- sequence of DNA that instructs a cell to produce a particular protein
DNA

- deoxyribonucleic acid,
- the genetic material
- the biochemical that forms genes

Role of the genetic material

“A genetic material must carry out two jobs: duplicate itself and control the development
of the rest of the cell in a specific way.”

-Francis Crick

DNA (deoxyribonucleic acid) is
a chain of nucleotides
Nucleotides are composed of:
Sugar - deoxyribose
Phosphate
Base - one of four types: adenine (A), thymine (T)
guanine (G), cytosine (C)

Purines Pyrimlidines
: Guanine(G) Adenine (A) ' 'Cytosine (C) Thymine (T)
H“‘N’H HoH o e

£ )l\ £..,0
\NI \C’&C-H 0- Noc# N%—I-I t:t: ﬁ i C \E
N

H'\N/c &N c“N’ /N\ JN /NH"C"'N\H

Hoeloomon H C
2C-0 I;;GH Sugar Sugar i
Sugar ¢

H
Phnsphate Nilrugenuus bases
H OH group

Sugar (deoxyribose)
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DNA bases pair via hydrogen bonds

Erwin Chargaff observed:

# of adenine = # of thymine
# of guanine = # of cytosine

Thymine (T)

H3C
H _C o.. Adenine (A)
1 1l "‘-N*"
N*-n. .—'Nx 1
Sugar = ... =C N
g 1l ST T
O 1 T ,C—H
H,C*N,CHN
Cytosine (C
y H (<) H Sugar
I I
H C N -
~e¢® ~c” TH.. Guanine (G)
1 ] 0
N\. ..-'N'~. 1]
- C
Sugar l:!) H‘*N’ ""C"‘Na
I n ,C—H
|
H
Sugar

Complementary bases pair:
| <
|

| (
r

A and T pair
C and G pair
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DNA exists as a double helix
* X-ray diffraction indicated DNA has a repeating structure.
- Maurice Wilkins and Rosalind Franklin

e DNA is double-stranded molecules wound in a double helix.
e _James Watson and Francis Crick

DNA is a double helix
A sugar and phosphate
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“backbone” connects nucleotides in a chain.
DNA has directionality.

Two nucleotide chains
together wind into a helix.
Hydrogen bonds between
paired bases hold the two

DNA strands together.

DNA strands are antiparallel.
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%
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Orientation of DNA

The carbon atoms on the sugar ring are numbered for reference. The 5° and 3° hydroxyl
groups (highlighted on the left) are used to attach phosphate groups.
51

5 3 3
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* The directionality of a DNA strand is due to the orientation of the phosphate-
sugar backbone.

ademine

PR i
@ resicun
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Structure of DNA.

1. Two nucleic acid chains running in opposite directions
2. The two nucleic acid chains are coiled around a central axis to form a double helix
3. For each chain — the backbone comes from linking the  pentose sugar bases between

nucleotides via phosphodiester bonds connecting via 3’ to 5’
4. The bases face inward and pair in a highly specific fashion with bases in the other
chain

A only with T, G only with C

5. Because of this pairing, each strand is complementary to the other
5° ACGTC 3
3’ TGCAG S’

Thus DNA is double stranded
A gene: molecular definition

- A gene is a segment of DNA
- which directs the formation of RNA
- which in turn directs formation of a protein.

The protein (or functional RNA) creates the phenotype.
Information is conveyed by the sequence of the nucleotides.

Chromatin = DNA and associated proteins

DNA winds around
histone proteins
(nucleosomes).

Other proteins wind
DNA into more tightly
packed form, the
chromosome.

Unwinding portions of
the chromosome is
important for mitosis,
replication and making
RNA.
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Histones
Nucleosome
10 nm
Scaffold
protein
Chromatin
fibers

o
o

Chromatin

etap hase
chromosome

Nucleus

Why is DNA a good material for storing genetic information?
A linear sequence of bases has a high storage capacity
a molecule of n bases has 4n combinations
just 10 nucleotides long -- 410 or
1,048,576 combinations

Humans — 3.2 x 109 nucleotides long — 3 billion base pairs
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How do we know that DNA is the genetic material?
“A genetic material must carry out two jobs: duplicate itself and control the development
of the rest of the cell in a specific way.” -
Francis Crick

Required properties of a genetic material
- Chromosomal localization
- Control protein synthesis
- Replication

DNA Replication
- the process of making new copies of the DNA molecules

Potential mechanisms:
organization of DNA strands

Conservative old/old + new/new
Semiconservative old/new + new/old
Dispersive mixed old and new on each strand

Meselson and Stahl’s replication experiment

Semiconservative Conservative Dispersive Experimental
replication replication replication results

Parental Matches all
malecule |’ HH

= L o
First- /\ é) ,.‘_} Matches
generation = - . | LH semiconservative

E=
daughter g and dispersive
-

>—MP'

o X K

= - — — o
Second- () :7" y Matches only
generation (= - i LL semiconservative
daughter > D2 2 D e
molecules e g |

Conclusion: Replication is semiconservative.
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Replication as a process
Double-stranded DNA unwinds.

The junction of the unwound
molecules is a replication fork.

A new strand is formed by pairing
complementary bases with the

old strand.

Two molecules are made.

Each has one new and one old
DNA strand.

Nucleotides
DNA to be Both strands serve Two identical daughter
replicated as templates molecules
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Binding proteins Primase adds
parental double helix stabilize separate short primer

Helicase unwinds

= rm

DNA polymerase
binds nucleotides

Helicase
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Direction of replication

Fleplicatian Fork

S TAGTAGCTAC
AGcA TCATC GATG

oo \\ -

:
= e T
GA Al el
CiE
5 DNAP Okazaki
fragment
Primase +

exonuclease

=
A(SGTAGTAGCTAC
ATCATCGATG

—_ SeeeTe o ) TR :‘

Enzymes in DNA replication

strands to template strand

Exonuclease removes Ligase joins Okazaki
RNA primer and inserts fragments and seals

to form new strands the correct bases other nicks in sugar-
phosphate backbone
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Replication

Helicase protein binds to DNA sequences called
origins and unwinds DNA strands.

Binding proteins prevent single strands from rewinding.

Primase protein makes a short segment of RNA
complementary to the DNA, a primer.

Replication

Overall direction
of replication

DNA polymerase enzyme adds DNA nucleotides
to the RNA primer.
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Replication
Overall direction
of replication

DNA polymerase enzyme adds DNA nucleotides
to the RNA primer.
DNA polymerase proofreads bases added and
replaces incorrect nucleotides.

Replication
Overall direction
of replication

Leading strand synthesis continues in a
5’ to 3’ direction.
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Replication
Overall direction
of replication

Leading strand synthesis continues in a
S’ to 3’ direction.

Discontinuous synthesis produces 5’ to 3’ DNA
segments called Okazaki fragments.

Replication

Overall direction
of replication

Leading strand synthesis continues in a
5’ to 3’ direction.

Discontinuous synthesis produces 5’ to 3’ DNA
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segments called Okazaki fragments.

Replication

Leading strand synthesis continues in a
S’ to 3’ direction.

Discontinuous synthesis produces 5’ to 3’ DNA
segments called Okazaki fragments.

Replication

Leading strand synthesis continues in a
5’ to 3’ direction.

Discontinuous synthesis produces 5’ to 3’ DNA
segments called Okazaki fragments.
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Replication

i

Exonuclease enzymes remove RNA primers.

Replication

Exonuclease enzymes remove RNA primers.

Ligase forms bonds between sugar-phosphate
backbone.
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Replication

Polymerase Chain Reaction - PCR
Allows the selective replication and amplification of specific(targeted) DNA sequences.
PCR basics
1. Know some sequence of the piece of DNA to be targeted

2. Make primers - sequences of DNA that are complementary to the DNA sequence of
interest

3. Four nucleotide building blocks

4. Taql - DNA polymerase
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Polymerase Chain Reaction (PCR)
Denaturation

DNA template is denatured with
high heat to separate strands.

Annealing

Each DNA primer anneals, binding
to its complementary sequence

on the template DNA

Extension

DNA polymerase creates a

new strand of DNA complementary

to the template DNA

starting from the primer.

Multiple rounds of denaturation-annealing-extension are
performed to create many copies of the template DNA
between the two primer sequences.

Polymerase Chain Reaction (PCR)
DNA template is denatured with heat to separate strands.

G A A C T A G C G
Cc T T G A T C G C
g BN N NN NN S E. A - .

Polymerase Chain Reaction (PCR)

DNA template is denatured with heat to separate strands.

Lo Lo

_— S T L= . _—
S m— | | [ | | . s
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Polymerase Chain Reaction (PCR)
DNA polymerase creates a new strand of DNA complementary to the template DNA

starting from the primer.

Polymerase Chain Reaction (PCR)

A [ Primers

Free ® ™
Target nucleotides Polymerase
sequence
Raise Lower Add more
E temperature Ei temperature E i E:l bases
) [ - — E =
Target Heat Add free Primers attach Polymerase finishes
sequence separates nucleotides, replicating DNA
strands primers, and
polymerase lRepea@ process
many times

1B
HE R
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Amplification through PCR
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PCR - Polymerace chain
reaction : An introduction
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PCR - polymerace chain reaction: An Introduction

Ahmad Al-Majali, DVM, PhD
Jordan University of Science and Technology

Introduction
B Objective: to multiply genes for research, therapeutics, producing “better”
mutation etc.
B How? Either by:
- Recombinant cloning in bacteria,or
- PCR

Cloning in bacteria
B To multiply some gene in bacteria and then harvesting it.
B Usually only plasmides are used
B What is needed:
- Restriction enzymes
- Ligase enzymes
- DNA-polymerase enzymes
- Reverse transcriptases

1
—>

O
O
O O

O
O

1
—>
1
—>

O
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B Moving genes from one cell to another:
- Plasmid vectors
- Virus vectors
- Micro injection
- Electroboration
B Gene library
- First step
- Primer design
- Other methods (DNA hybridization).

PCR

B Invented by Kary Mullis

- In 1983

- Nobel prize in chemistry in 1993
Much faster than the traditional cloning
needs only slightly DNA molecules to produce a huge range of copies.
mutations in primers enables to transfer genes into plasmids (makes ligase
enzymes easy to attach it)

- PCR needs atleast some information of the gene order (or from some similar
gene) to make the primers
- Very susceptible to surroundings
- Become one of the most widely used techniques in molevular biology
- Rapid
- Inexpensive
- Simple

Samples:
B PCRis very versatile
B Most PCR uses DNA as a target rather than RNA
- Stability
- Easy to isolate
B Suggested to use the least steps in sample preparation to reduce contamination

What is needed PCR?

B A small amount of DNA

B DNA polymerase enzymes

B Nucleotides

B Primers
- Two different kind of (Forward and Reverse)
- Usually about 20 nucleotides

B Thermocycler
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The principle of PCR

1. Clean DNA\>
2. Denaturation Tm=+95°C
\ i
3. Annealing J\/\/ N\ /\/\
Ta=+55-72°\ - AVAVAYAYAV
 VAVAVAVAVA
A NNNN

4. Extension +72°C

5. +95°C
INININNINAN
NN

Y/ NAVAV NAVAC VAVAVAY
AVAVAVAV, VAVAVAVAVA

A AVAYAYAYAN
INNINRNRA. RN

NEN /N

A

JNSNS

Melting Point Temperature
B Denaturation
B The more there is G or C, the higher Tm
B The longer the primers, the higer Tm
B (0,2um

Tm = 81,5°C + 0,41(%G + %C) — 550/n

n=number of nucleotides
A Tm< 2°C
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Annealing State Temperature
B Depends:

B Concentration of primers
B Composition of nucleotides

B Normally takes only few seconds, but it is programmed to 0,5-2 minutes

B Building starts from the 3’end

What time does it take?
B Denaturation: 30 - 60 sec
B Annealing: 30 - 60 sec
B Doupling: 30 - 60 sec

B 25 - 35 cycles only (otherwise enzyme decay causes artifacts)
B 720C for 5 min at end to allow complete elongation of all product DNA

Altogether: 7 min ( 8,5 min) * 25 (35) = 3h-5h

Problems with primers
B “hairpin” structure
B [f 3’side is included in structure, the primer doesn’t work

B Primer dimers
B Only harm if the binding is formed at the 3’ends

aTp

E'-A GACCATGTGT CCALCCGTA-3' I}, r?
+ o-a

] — i

- GATAGCCCTAAGCTACGCGT -3 w—c1
o

C

!

5'—AGACCELTGTGTEC‘T‘CIEI'TTE;.—3'
3'-TGCATCGAALATCCCGATATIG-E'

}

EI_AG%CCETGTGTCCACGTAEI;EI'II"E%?EI;EI;CI'E%'II'EI_EI
1 | S A O O K S O R N |
B'-TCTGGEGTACACAGGTGC AT CGAATCCCGATATILG-5
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B Non-spesific products
B  Mismatchs
B Possible if:
B Only few nucleotides is wrong
B Tais too low
B Computer programs can calculate

Allocated mutagenesis
B No harm (for binding) of one or two mismatches

B Primers can be designed to contain errors
B Binding is not disturbed

SILENT MUTATION:

one base is placed by

another base, witch

won’t change amino

acid sequer~=

B Allocated mutagenesis is used in reforming proteins
B The precise base can be traced out (which cause a certain property to the
protein)
B Mutation in base order may lead to a better stand of heat or cold
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Other techniques and applications for PCR

Non-symmetric PCR: one stranded DNA (for example for sequencing)
Inverse PCR: copy some unknown piece of DNA-strand between 2 known ones

|
|
B To find genetic diseases: primers for healthy and sick allele
|

PCR- As simple as this
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Contamination Control:

Air Control

Aliquoting reagents

Dedicated tools

Radiating plastic ware

Filter tips

Source Chemical

CONTROLS (nulls, NTC, PC)

Segregation (genomic from PCR, samples from nulls)
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Polymerase Chain Reaction ()
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POLHERADE AN REACTIN
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Ruba Al-Omari, BVSc, M.Sc.

Graduate Education:
Master of Science in Physiology and Pharmacology, 2002
Department of Veterinary Basic Science/ Faculty of Veterinary Medicine
Jordan University of Science and Technology
Irbid — Jordan.

What is the polymerase chain reaction ???
DNA ???
Basics for PCR ???

How to perform PCR reaction ???

PCR
POLYMERASE: TAG POLYMERASE

CHAIN : many cycles 25-45

REACTION: buffers and others
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What is the PCR?
PCR is a technique for the amplification of a small sample of
DNA to an amount large enough to visualize by differnt methods

(as ethidium bromide staining in agarose gel electrophoresis).

Relies on the exponential amplification of a target sequence

specifically from a complex mixture of DNA.

What is the Polymerase Chain Reaction?

It’s a means of selectively amplifying a particular segment of
DNA.

It can be thought of as a molecular photocopier.

What PCR Can Do

PCR can be used to make many copies of any DNA that is

supplied as a template

Starting with one original copy an almost infinite number of

copies can be made using PCR

“Amplified” fragments of DNA can be sequenced, cloned or any

other technique

Defective genes can be amplified to diagnose any number of

illnesses

Genes from pathogens can be amplified to identify them
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All nucleotides have a common structure

NH
A
a)
J .
ACen

04 O oH
Ribose 2-Deoxyribose

OH OH
Phosphate Ribose

Adenosine
5"-monophosphate
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There are five principal bases in nucleic acids

PURINES PYRIMIDINES
e ;
C C
N7 "“‘“@"5‘ L HNT i‘EEH
HC2 5 4d_ 9/ 2 4 6CH
R e
N M N
| o
H H
Adenine (A) Uracil (U)
A, G, T, C are present in DNA
(|Z|) fﬁ) A, G, U, C are present in RNA
C C
HNT 6 3c— N HNZ 4 5C—CHg
2 3 ;’-& o &2 1/6ng
HoNT SN N & N
| |
H H
Guanine (G) Thymine (T)
R
C
NZ 4 3CH
2 3
& %IJJ’E H
|
H
Cvytosine (C)

M:‘_}}J‘J‘w‘ —



PCR Joducial 5 —alyl) ol 4,585 aladiad Jg—a Ay i) 5 a0

— EJ-\A\AA — - . . v e T < R . { .k 4 —
Ae 5l il gald) quual (Al 4 0K g A gl () JeY) paddS (2

»

®
+ Cytosine (C)
P M e, G
2

-.~ W!S@)’J‘w‘ —



PCR Jodoial) 5 yall ol 4480 aladiu) J g duy il 5530
Lo 3al ) gal) qupeai (A0 4 0 9 Agaug ) (ol aY) Qadull

Nucleotide subunits are linked together by phosphodiester bonds

O-

5 end

Phospho- B
diester < O—P=0
bond |

O
Phospho- B |
diester < O—li’=0
bond O

3" end
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Native DNA is a double helix of complementary antiparallel chains
held together by:

Hydrogen bonding between complementary base pairs (A-T or G-C)

(b)
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Forces that maintain DNA as a double strand....

H-bonding
Hydrophobic interactions (cooperative base stacking)

are destroyed by formamide, high pH (NaOH), high temperature

the Central Dogma of biology

Nucleu

DNA
l Transcriptio

Primary Transcript

| ANA
MRNA

Transpor

Ribosome

l Translation,

Post-translational

PROTEIN —— processing
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(A) EUCARYOTES

cytoplasm

nucleus
introns exons

DNA
I—
a—

transcription unit
- TRANSCRIPTION
primary
RNA transcript” v
| I aa—" . — .

5’ CAPPING
!?%%fELKm“G
RNA cap | ADENYLATION

mRNA AAAA

| EXPORT

v

MRNA @i=—==== AAAA — degradation
| TRANSLATION

protein C——

Figure 6-21 part 1 of 2. Molecular Biology of the Cell, 4th Edition.
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DNA Synthesis Requirement
. Enzyme: DNA Polymerase

|
Y. DNA Template
¥. 3° OH (primer of DNA or RNA)
¢, Deoxynucleoside triphosphates: dATP, dGTP, dCTP, dTTP
¢, Synthesis is 5’ to 3’
SO ....... How PCR Works?

+ As PCR is an artificial way of doing DNA replication

PCR to be completed must have:
1- the buffer and enzyme
2- the process itself

Components of a PCR Reaction
Buffer (containing Mg++)
Template DNA
2 Primers that flank the fragment of DNA to be amplified
dNTPs

Taq DNA Polymerase (or another thermally stable DNA
polymerase)

Process of PCR
- Melting DNA or Denaturate

- Priming or Anealing

- Polymerization or Extenstion

Components of PCR

1) Tag DNA polymerase : was isolated from the bacterium
Thermus aquaticus.so it is stable under the extreme tempreture
of PCR

2) Primers: A pair of short single-stranded oligonucleotides
that are are identical to the 5'-ends of the sense and antisense
strands that will be amplified.
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5°’-AAGCGATGACAAGATCAACAGCT

ATCGATCGT 3’

3’-TTCGCTACTGTTCTAGTTGTCGAET, 5’
—_— —
5’-AAGCGATGA
Primer 1 Primer 2

Primers are generally designed toe
have a T, of ~°°°(,
. 0 100% =
- T\, = temperature at which 50 %i
of duplex is denatured. ?g 0%
- More G/C base pairs = higher setr
Tm an
de

Tm ~95° C

3) Template DNA: This is the DNA from which you amplify your
fragment of interest.

4) dNTPs: Just like in all other DNA sequencing reactions, the
nucleotide building blocks must be present.
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The PCR Reaction
3 5
5 3
3 5
5 3
l Extension
3 Taq 5
5
5
5 Taq 3
l Extension Continued
3 Taq
5
5
Taq 3
Repeat
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DNA Between The Primers Doubles With Each Thermal Cycle

DNA Between The Primers
Doubles With Each Thermal Cycle
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Theoretical Yield Of PCR

Theoretical yield = 2n xy
Where y = the starting
number of copies and

n = the number of thermal cycles

If you start with 100 copies, how many copies are made in 30 cycles?
2nxy
=230 X 100
=1,073,741,824 x 100
=107,374,182,400

To detect the amplified DNA you can use:
Traditional method or convential PCR

Real Time PCR

Real-Time qPCR vs.Traditional PCR

Real-time analysis
Detection and constant monitoring of amplification products is
possible during the entire run. Analysis and quantification can be
made in the logarithmic phase of the reaction rather than at the end
of the reaction.

End-point analysis
Agarose gel for product detection

Starting
Template
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Quantitation by RT-PCR

Conventional

Real-time

RNA extraction RNA extraction

v !
. |Reverse Transcription ]\,
cDNA to PCR rx cDNA to PCR rx
v
[Elec‘rr'ophor'esis
7 J !

[Image analysis [Real-ﬁme PCR]
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SYBR Green I binds dsDNA

SGI fluorescence increases
when bound to dsDNA

As dsDNA accumulates,

ore SGI binds the DNA
ahd the flgorescence
increa
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TagMan Chemistry During PCR

lllumination of intact probe @ Reporter
results in FRET (no @ Quenche
fluorescence
F
m— Q—p During PCR, probe hybridizes
‘ to target sequence
R
—dtp Probe is displaced by
polymerase

4 Reporter cleaved from

queneher
\I V4 via 5° 3’ nuclease activity of
L

-/.\‘. lllumination of free reporter
I- :
results in unquenchable

fluorescence

TagMan® Chemistry
1. During PCR, probe hybridizes to target sequence
2. Probe is partially displaced during extension
3. Probe cleaved by 5’- 3’ nuclease activity of polymerase
4. Illuminated free reporter exhibits unquenched fluorescence

» 00 O
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Fluorochrome-Quencher

A fluorochrome is a molecule that absorbs light from a specific wave
length and emits light (fluorescence) of a lower wave length

A quencher is a molecule that absorbs light emitted by a fluorochrome

=) @

Fluorochrome-Quencher
Fluorochrome+quencher = no light emission

Both molecules have to be very close together for the quencher to absorb
the emitted fluorescence

nng% ,:/ 4

light Light
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Double-labeled primers

One primer is double-labeled with a fluorochrome and a quencher
Hairpin primers have to be designed in order to keep F-Q close

During PCR primer get stretched, hairpin structure is disrupted: F and Q
are far enough so fluorescence is emitted

Hairpin primers are not very effective in PCR amplification: heavy
secondary structure

PC
R

v

Hydrolysis probes

A specific probe that will hybridize within the amplified product
- Itrequires the identification of a third signature sequence
Probe is labeled with a Fand a Q

The 5’-exonuclease activity of the Taq polymerase hydrolyze the probe,
releasing the F from the Q

w:‘_}’ﬂ‘w\ —
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Fluorescence Curve:
Initial Phase
+  Product is generated but fluorescence remains at background levels
0_25—:

Initial phase

Fluorescence Curve: Logarithmic Phase
+  Fluorescence rises above background levels during exponential
accumulation of product
+  Fluorescence increases in direct proportion to the amount of amplified
product present
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Fluorescence Curve:
Plateau Phase
+ No significant increase in DNA quantity or fluorescence due to the fact
that one or more of the reaction components has been depleted
a_Z5

Tz
@
=
@
b
g
2

z

Plateau
phase

Fluorescence Curve

As in traditional PCR, amplification during real-time PCR occurs in
distinct stages:

- Initial
- Logarithmic
- Plateau
0.25
0.2
o U
g ]
5 i
4|15
8 1
g ]
=| 0.1
L -
0.0
D ITI | T T T T | T T T T |-_I-\ T T | T T T T | T T T T | T T T T | T T T T | T T T ||
) 10 15 Z0 i5 a0 3k 40 45
Cyele

/7
0.0
/7
0.0

7
A X4

PCR Amplification Real Life
Efficiency is not 100%
Enzyme gets tired
Primers lose the race to template
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Data Analysis
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Threshold
m=—==__ Baseline
=COm=  Sample

What to do with Threshold Cycle (CT)?

> Ctis correlated to the starting amount of template
If you have twice the template, you get to Ct one cycle earlier
If you have half the template, you reach Ct one cycle later
» There is a linear relationship between the log of the starting
amount of template and the corresponding threshold cycle
during real-time PCR

Which one
has the The least?

most?
~ N
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PCE Amplification v Cy%g:%BR SnpMC.opd

Standard Curve
@ @ Given known starting amounts of the target nucleic acid,
prepare Serial Dilutions from a known sample@ A Standard
Curve can be constructed by plotting the log of starting amount
versus the threshold cycle The Standard curve can be used to
determine the starting amount for each unknown sample
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View/Save Data PCR Quantification | PCR Standard Curve | Melt Curve | Allelic Discrimination N/A |
Data File: Data 10-Mar-03 1259.0pd FAM-490
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Threshold Cycle, Ct, is a reliable
indicator of initial copy number

Correlation Coefficient: 0,998 Slope: -3.532 Intercept; 26,783 Y =-3.032 % + 26,783 o Unknawns
PCR. Efficiency; 91,9 % o Standards

30
L
2%
24
22
20
18
16

0 1 z
Lag Starting Quantity, nanagrams

Threshold Cye

PCR Standard Curve: dilution.opd
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What to do with RNA samples?

tissue
extract RNA

copy into cDNA

(reverse trsnsciptase)

do real-time PCR

\

analyze results
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Reverse Transcription-PCR
(RT-PCR) Amplified copies
of specific
mRNA
1. Extract total RNA /\.——
~\ - x S
2. Reverse 3. PCR
Transcription
° - = . dNTPs T
’ ’ = :
N > 7
J’K > S — “Copy DNA”

() (PCR template)
TRals
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LYSE CELLS AND
tissue PURIFY mRNA

(e.g., brain)

mRNA / 3

AAAAAAA
HYBRIDIZE WITH
| POLY(T) PRIMER
5’ g
MAKE DNA COPY WITH TTTTTTT,
MRNA REVERSE TRANSCRIPTASE 3

cDNA

DEGRADE RNA
WITH RNase H
3.’

.

SYNTHESIZE A COMPLEMENTARY
DNA STRAND USING DNA POLYMERASE;
RNA FRAGMENT ACTS AS PRIMER 3,

&/\_, /\//\J/\//\TTTTTTE

double-stranded cDNA copy of original mRNA

Figure 8-34. Molecular Biology of the Cell, 4th Edition.



PCR Jodoial) 5 yall ol 4480 aladiu) J g duy il 5530
Lo 3al ) gal) qupeai (A0 4 0 9 Agaug ) (ol aY) Qadull

B‘).a.'a\a.a

:—--

3
q - -
.
"1

A protein denaturant, lyses cellular
membranes and inactivates nucleases. Lysates are loaded onto a silica support
which binds the total RNA while other components are washed away.
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Be happy, above all, regardless what your challenges may be... These
are only to show you how strong we can be and overcome them...

-w wua_wu)’_“w‘ —



. PCR Jedecial) 5 p—aldl) Je L5 4080 aladind Jg—a Loy a0 5 gl
O [ I — ? —

Lo 3l ) gl cunal A & 80 g g g ) (il ) padss b

Contamination Prevention
Approaches
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CONTAMINATION PREVENTION
APPROACHES
Dr. Hisham Al Maaitah
Head of Central Laboratories
Department of Animal Wealth Laboratories
Ministry of Agriculture
Amman - Jordan
). A designated PCR set up area
Pre-PCR laboratory
Post-PCR laboratory
Introduction
e How to optimize your reactions to reach the highest specificity and product yield.
e Sitting up PCR normally requires thawing the reagents, setting up a master mix,
and then distributing the mix into individual reaction tubes. Each handling step
significantly increases the risk of contamination.
e It is important to understand the potential problems of contamination.
Introduction

PCR Joducial 5 —alyl) ol 4,585 aladiad Jg—a Ay i) 5 a0

The contamination of your PCR lead to wasting time, reagents and effort.
Advantage of PCR: amplifying very small amount of DNA (your target
sequence).

Disadvantage of PCR: amplifying small quantities of contaminated DNA
There is analogy between PCR and good microbiological practice.

Sources of Contamination

* —
0.0 .

0.0

X3

S

X3

S

3

%

X3

S

External sources:

Pipette tips,

Solutions

A premix containing the common reactants e.g. DNA polymerase, dNTPs, and
reaction buffer

Laboratory benches

Equipment

Air-borne particles such as microbes
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+ A microscopic flake of skin or dandruff

Sources of Contamination
2. Internal sources,

previously amplified molecules (“amplicons”)

Activities of PCR laboratory
e sample preparation
e PCR reaction assembly
e post-PCR analysis

Purified I Viral AINA
genomic Lysia & purification mRMA, and
DNA } (ANA
"! A
, pyars | franscriptass
p' —
-
f F'l:-tvanuEJ ~
( | cDNA
E.LCME]TIHEIIEII'IJ
Sunatd

f/ Hybridization 3
| ot s, ana\ | Cﬂfm “&gl:;"nm | ﬁlmmr&aﬁl
rnll::'l:l,:lnta =
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Sequelae of contamination

¢ Contamination can delay clinical analysis

e waste time and resources

e Often the only way to eradicate the source of contamination is to dispose of all

reagents, including expensive primer, enzymes, and nucleotide

CONTAMINATION PREVENTION APPROACHES

). A designated PCR set up area

Pre-PCR laboratory

Post-PCR laboratory
. PCR Laboratory Organization
Tissue f (M
Benchspace i Benchspace o O
incubtrs e .
Sink
"
Microkial. h - Gl
— | safety : + | [imaging
42% _' Slight positive hood nif.';;k :' Slight negative | |System
— air pressura - cannsction air pressure
' Ty ' * | 4°C Frig,
o . o u%rzi;m Lml . - —.f?nfﬂ
' " Themal IR o
cyclers
fpel | | U¥MS | | Centr- R B Real-tine
H,0 spectro, fuge equigmmt VN PCR nstrument
Pre-PCR Lab o Post-PCR Lab
Flow of samples
for PCR analysis
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Pre- & Post-PCR laboratory

Prepare your master mix in a separate room with separate lab coat, gloves, tubes,
pipette tips to be used only in that clean room

Use a separate aliquot of DEPC water stock for each round of PCR

Prepare your mix in a hood with laminar flow. Decontaminate it with bleach,
alcohol, RNAse, DNase, etc...

Pre- & Post-PCR laboratory
Be sure to UV-irradiate pipettes, pipette tips, tubes, racks, gloves, and also your
aliquots of water and PCR buffer... before the procedure
Use a different pipette tip when pipetting all your reagents, even the same master
mix to each tube
Keep your tubes closed during the procedure, even your master mix tube.
Be sure that your tubes are closed when discarding the pipette tip (Aerosols are
dangerous)

PCR-MIX STATION
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Post PCR Working Station

PCR TEMPLATE STATION
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Lab Practices in Workstations

Avoid creating aerosols while pipetting
CONTAMINATION PREVENTION APPROACHES

2. Pipettes & tips

Set of pipettors dedicate for each Pre- & Post-PCR laboratory

each area needs its own that are never exchanged between work areas.
Color-coded pipettors (e.g., green for pre-PCR work, red for post-PCR work)
Tips with filter to prevent any exchange of solution between the pipette barrel and
solution being pipetted

Positive displacement pipette (advantages: disposable piston, very accurate
delivery, disad., expensive, special tips)

@\J}\w@)ﬂ\w\=
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Use of Open Pipet Tips Leads to Pipattor Contamination

*":ﬁﬁ;&

Asprate |
sample Dispoie
i arosol e o, &y Fipet2nd fo
fip, |
Bem i&ithdraw | In'
' ek lipid Feam ]
n dirasd !nd sampla
HalPCR
ok h 1 PCR
&1 N~ e
151 sample 2nd sample

Use of Barrier Pipet Tips Prevents Pipettor Contamination

arres

Pl |

{bamer'}
e —:.-

PGR
un|:u::n

Agpiraiz
sam
l:l'! Dlﬁl?ﬂ!&
E- aemsa:l A
info FII|!E|. A.dl;:i:w
' Wilhdraw
fiquid from
2nd sample |

7 SR '

181 sample

Pipet 2nd
sample

Haw PCR

WOT cantaminabed
willl Tl PLH

amplicss

2nd sample
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Pipettes
<> Soak parts detergent solution
¥ <> Rinse distilled water
¥

3

%

10% Bleach and 70% Ethanol
UV exposure overnight

R/
°

3

S

Calibration service

O & Wiseie]

CONTAMINATION PREVENTION APPROACHES
3. Amplicon Aerosol

There are two methods used to control PCR amplicon contamination:

1. Physical Method
® positive displacement or barrier (filter) pipette tips to prevent aerosols
e The hood should be wiped with a fresh (or freshly made) 10% bleach
solution (1 part regular bleach: 9 parts water) before processing samples
or preparing PCR samples.
e  Waste materials that contain PCR amplicons should not be allowed to

accumulate in an area
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2. Chemical Methods:
1. UV photolinking (UV light at 254 nm)
e The reaction effects on adjacent pyrimidines on a DNA strand,

The reaction is very fast and can be effective on amplicon which is greater
than 700 bp

CONTAMINATION PREVENTION APPROACHES

I1. Uracil N-glycosylase (UNG)
~ Aim: substituting dUTP for dTTP
- Mechanism:UNG Hydrolyze uracil glycosidic bonds in both ssDNA &

dsDNA - releases uracil, resulting in strand cleavage when DNA is heated
during PCR.

The enzyme doesn’t effect on RNA or normal DNA molecules but destroy
previous amplified molecules.

@;Ujllwgﬁ\w\=
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PCR amplcom
TIIIEL
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i L1101 [ e
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GATCGA > GAUCGA
L1111 (d4TR, dCTR, d3TF, dUTF, I O O
DNAmmplte  primers + DN pobmerase
i ST e Y/
i
Ampliccrm wit =
mxzisad uridinss
arne unafable and
do nat ampify Escape of racs
amounts af PCR
amplicons
ANALYSIS
[ |
T T
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UNG dertumd L1111 | o
when nampls
heatsd
Treat sample with
=T T UG befars PCA Samph ot nest
GA CGA PR i
L1l 11| e
Erzymatio sxcision
af undineg

FICLIRE 4. Use of the WIS reaction to prevent FCR contamination.
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CONTAMINATION PREVENTION APPROACHES

I11. Psoralen & isopsoralen
pretreatment of PCR reactants by Psoralen & isopsoralen such as 8-
methoxypsoralen (8-MOP), intercalate into dsDNA and result in

interstrand crosslinks upon long wave UV irradiation at 300-400 nm

Summary
+¢ Treatment pre-PCR to eliminate contaminating amplicons in PCR mixtures
¢ Ezyme cuts the PCR products that contain uracil
¢ Use Uracil-N-Glycosylase (UNG)
+¢ Previous to denaturing step preheat your PCR reactions at 70 °C  for 3 minutes

¢ To utilize UNG instead of thymidine you should use uracil in the dntp’s mixture
(A,U,G,0)
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detection of genomic DNA or RNA in a clinical sample

VIP note:
Every organism has a unique set of genes and unique gene sequences

DNA

chromosome

e Purines: G and A
¢ Pyrimidines : Cand T
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DNA -> RNA
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Polymerase Chain Reaction (PCR)
A rapid method for synthesizing large amounts of a specific piece of DNA
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B Amplification cycles
B S Product detection

Sample Submission for PCR
B is Sl ) sibalive birds and animals
B :lLaci Whole organs
B ClswsWet swabs
B Ll sl 5 20Whole blood
B .ol J) s Mucoid body fluids and others
B FTA cards
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B i 4c $High quality
B & High purity
B :ua 4.S Reasonable quantity
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Tritirachium album limber

B _2Boiling

B Commercial Kits J) pladiul :
B Solution Based kits J) « i DNA J =Sl ddaul 5
B Chromatography columns _slé

Boiling Method
Tracheal swab suspension in PBS or Frey’s media

\ 95°c 3 min

Lysis mycoplasma

\ Centrifuge

L
|

L L

= ow =

= 3§

L P



PCR Jeducial 5 —alyl) oL 5 4,585 ala &%) Jg—a Ay i) 5 a1

— O ol —

e al gl i (2D Al g gl L3 oY) Qi -
- /
DNA . Transferir muestra / /
Extraction by Qiagen (250-500 microlitros)

Incubar a 56 grados C
10 min con proteinasa

.//ri"‘«

Columna con 'i_[ ’
membrana liga | Centifugar 3 min en
ADM | micro-centrifuga

|
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para PCR
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Reaction Components :

Pure DNA Template
Primers

DNA Polymerase Enzymes
DNA polymerase buffer
dNTPs

MgCL2

PCR additives

Thermal Cycler

DNA Polymerase Enzymes
DNA JI 0585 sy
Thermostable 3_) sl s ae <uls
.27 t0 ¥ J e osSSnew strand J AN Y to 07 IV e DNA - J) ey
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B Taq polymerase:
— Derived from bacterium Thermus aquaticus
— Lives in hot springs 50 — 80 °C.

Taq polymerase properties
B Stable during prolonged
B Highly possessive 43lle 431
B Good Yield even at low template concentration.
B Good Fidelity 4de 48, F  speed
B Proof — reading u=ill 423l (Long DNA).
Example:
Tth DNA Polymerase
e From Thermus thermophilus spp.
e Efficient intrinsic reverse transcriptase (RT)
e Highly possessive DNA polymerase

Taq polymerase buffer

50 % Glycerol

50 mM Tris pH 8
100 mM NaCl

0.1 mM EDTA

I mM DTT

1 % Triton X — 100

Usually supplied as 10 X concentrate

dNTPs

B deoxyNucleoside TriPhosphates
— dATP
— dTTP
- dCTP
- dGTP
B Use always balanced solution of all four ANTPs
B [mbalanced dNTPs will reduce polymerase fidelity

MgClz

1. Enzyme activity and Fidelity:

— Mg forms soluble complexes with dNTPs to produce the actual substrate
that Taq recognizes
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B Increase dNTP concentration requires increase in conc. Of Mg.
B Higher MgClI2 conc. Inhibit polymerase activity.
B [Insufficient MgCl2 conc. —— Low yield.
2. Template denaturation
— Mg increases the Tm of double stranded DNA
3. Primer annealing

— High Mg concentration increase non specific primer binding
PCR additives

B Used to increase the yield, specificity and consistency of PCR reactions.
B Examples:

— DMSO at 2 - 10 % (denaturation of GC rich DNA).

— Formamide 1 —5 % and 10 % (facilitate primer annealing)

— BSA: bind certain PCR inhibitors)

Preparataion of Master Mix
B Contains all components necessary to make new strands of PCR.
B Facilitates handling of large number of samples

B Decrease pippeting errors of small volumes.

Master Mix (final concentration)

B Template DNA 50ng—1pg
B MgCI2 1-3mM
B dNTPs 200 mM
B Primers 0.1 — 1 uM (each)
B Taq polymerase  2.5-15 U/100ul
B Taq buffer Ix

DNA Amplification

Repeated cycles of:

B Denaturation: by
B Alkali: not used
— DNA: Splits double Helix
— RNA: Degradation
B Heat:
— Denaturation and Renaturation
— Melting point
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B  Annealing Hybridization

— Complementary DNA

B Extension
Amplification cycles

B ]a. Initial Denaturation step:
— 2 to 4 minutes at 94 °C for complete denaturation and unwinding.
— Partial denaturation DNA will snap — back > Js= very quickly
preventing efficient primer annealing and can lead to false positive.

B 2b. Denaturation step during Cycling

— Weaker hydrogen bonds linking the nitrogen bases break at high
temperatures.

— Stronger covalent bonds between deoxyribose and phosphate remain
intact.

— Denaturation at (94 — 95 ) °C for 20 — 60 seconds is usually sufficient.

Denaturation Notes
B Too long denaturation time will cause the loss of some Tag polymerase activity.

B Too short and low temp partial denaturation

B Note: Use longer denaturation time or higher denaturation temperature for
GC rich DNA.

Annealing

B Primers bind to their complementary bases on the single — stranded DNA which
resulted from the denaturation step.
B Annealing time:

— Usually 30 — 60 seconds

— Longer annealing times: non-specific products
B Annealing temperature:

— Usually (45 - 65) °C

B Important Notes:
— Too high annealing temp.: No annealing
— Too low annealing temp.: non — specific annealing.

waﬁu}i\w\ —



PCR Jodoiial) 5 y—all oL 40 ala 33 Jga Ayl 5510
Lo 3al ) gal) qupeai (A0 4 0 9 Agaug ) (ol aY) Qadull

— O ol —

Extension
After annealing, temp raised to 72 °C
Taq Polymerase replicates DNA strands
Time depends on length of template
Usually 45 — 60 seconds
Longer time may give better yield
Extension begins at the 3’ end of the primer
Final extension: (72 °C for 5 — 15 minutes
— After the final cycle, for completion of partial extension products and
annealing of single stranded complimentary products.

Thermal Cycler

B A device that can be programmed to provide the three PCR incubation
temperatures quickly and accurately in repetitive cycles.
B Important specification
— Heating rate: 1 —3 °C / second
— Temperature accuracy: 0.5 °C

B Main cycler components:

— Sample holder (metal blocks) :
— Metal blocks: able to lose and gain temp very fast.
— Software: User friendly / store programmes

PCR : Polymerase Chain Reaction
30 - 40 cycles of 3 steps ¢
DT Step 1 : denawraiioh
‘L ¢ ‘L ‘L 1 minut 94 “C
LR L T TTTTT I m
L T TRy
E m I | iy 3! ITT | T :3 Step 2 : annealing
LU\U_LU—LLLU—LS' . 45 seconds 54 °C
S T Tt 3 3 3'
3 | | " | forward and reverse
l | IJ_WM 5 primers 11!
3 WWWW 3 : i
) - - | = S LUy LT 5 Step 3 : extension
~ - ~ == o~ - . o
| - - | \‘*- - | o - - 2 minutes 72 “C
L N T - I e~ only ANTPs
¥ I I I l ! l 5 Candy Vierstraste 19997
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2 copics 4copies 8 copies 16 copics 2 "= 34 billion copies

Exponential amplification

(Andy Vierstracee 2001)

Reverse transcriptase-PCR (RT-PCR)

B Technique used to amplify RNA Targets:

— Two steps:

— Reverse transcription of RNA into cDNA
= Enzyme: reverse transcriptase (from retro virus)
* Primers: poly (dT), random hexamers
=  One cycle 15 — 45 minutes

— PCR: amplification of cDNA
= DNA polymerase
= Primers: Specific for target sequence
= 25-45 cycles, 15 min. to 3 hr

B ONE STEP
— Using of one enzyme with the ability to work as reverse and poly
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Reverse Transcription

Synthesizes DNA using RNA as the template

Product detection
B  Gel Electrophoresis and Ethidium bromide staining:
— An electrical field is used to separate DNA molecules according to size.
— DNA containing negatively charged phosphate groups.
— Agarose gel used to separate DNA with larger size differences
— Ethidium bromide is fluorescent under UV light.

— Polyacrylamide gel: Separate small fragments with small differences in
size.

— Real Time PCR.
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Detection by product size

Real-time RT-PCR
RNA 20-60 min Real-d
cal-time
Extraction o RT-PCR
1.5 hr
presstwm resmmmar,mshowa“sm — :Q ol
Click right mouse hutton to scale graph : time'
éz Results )
800 <3hr
B
o 600 /
2 g; Pos
2 4 1.5 hr
: 200 .
. RRT-PCR for Total
10 20 30 0 .
Cycles SUbt.ype. time:
o ol Determination _gp,
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RRT-PCR for Subtype Determination

How is PCR Used?

In the laboratory

In industry

Cloning genes
Sequencing genes
Synthesizing probes
Quantative gene analysis
Evolutionary biology

Identify disease agents

Diagnose genetic disorders
Forensic medicine and crime labs.
Epidemiology
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Primer Design
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Primer Design
Ahmad Al-Majali, DVM, PhD
Jordan University of Science and Technology
Irbid 22110, Jordan
Definition:

B A cap or tube containing a small amount of explosive used to detonate the main
explosive charge of a firearm or mine.

B An undercoat of paint or size applied to prepare a surface, as for painting.

B Genetics. a nucleic acid strand that serves as a starting point for DNA replication

sense primer

E—e
1. | N B |
< —
antisense primer
product (amplicon)
Rule of Thumb:

B PCR specificity and efficiency can be greatly affected by the way primers are
designed and used.

B Optimal primer sequences and appropriate primer concentrations are essential for
maximal specificity and efficiency in PCR.

Primer Sequence:
B Primers should be "stickier" on their 5' ends than on their 3' ends.
B The 3'-terminal sequence of the primer molecule is critical for the specificity and
sensitivity of PCR.
B A "sticky" 3' end as indicated by a high G/C content could potentially anneal at
multiple sites on the template DNA.
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B A run of 3 or more G or C bases at this position should be avoided since it may
stabilize nonspecific annealing of the primer.

B A thymidine at the 3' end is not recommended, since it iS more prone to
mispriming

Primer Sequence: (Continued)

B Most importantly, primer pairs should be checked for complementarity.

B Complementarity between primer sequences at the 3' end often leads to primer—
dimer formation.

B The creation and subsequent amplification of these primer—dimers reduces the
availability of primer to the template molecule resulting in decreased sensitivity
or even failure of the PCR

B Partial homology in the middle regions of two primers can interfere with
hybridization.

Effect of Primer-Dimer Formation

QIAGEN Supplier A

M

1.5 kk»

Primer Length:

B Usually, a primer length of 18-30 bases is optimal for most PCR applications.
This is based on the complexity of the target template DNA.

B A shorter primer such as a 15 bases would have a higher chance of annealing at
more than one complementary site within the genome. This may lead to
amplification of nonspecific PCR products.
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Effect of Primer Length
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Annealing Tm:

B The optimal melting temperatures for primers in the range 52-58C, generally
produce better results than primers with lower melting temperatures.

B Primers with melting temperatures above 65C should be avoided because of
potential for secondary annealing.

B Optimal PCR annealing temperatures may be above or below the estimated 7m.

B As a starting point, use an annealing temperature 5°C below the calculated 7m.

Mo 50 52 54 56 58 40 S0 52 54 56 58 &0 °C

GC contents:
B GC% is an important characteristic of DNA and provides information about the
strength of annealing.
B Primers should have a GC content between 40 and 60 percent .
B For primers with a G/C content of less than 50%, it may be necessary to extend
the primer sequence beyond 18 bases to keep the melting temperature above the
recommended lower limit of 50C.
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Primer concentration:

B The concentration of primer in the amplification reaction should be between 0.1
and 0.5 uM.

B For most PCR applications, including sensitive PCR assays and the amplification
of longer PCR products, 0.2 uM of each primer produces satisfactory results.

B Primer concentrations which are too high increase the chance of mispriming.

B Subsequent extension of misprimed molecules results in nonspecific PCR
products

I
i
55

— 425 bp
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— 1.1 kb

Take home message:

B Sequence:
B Avoid runs of 3 or more G or C at the 3' end
B Avoid a T at the 3' end
B Avoid mismatches at the 3' end

B Avoid complementary sequences within a primer and between primers

Length: 18-30 nucleotides

GC content: 40-60%

Tm:
B 7m=2°Cx (A+T) +4°C x (C+G)
H 52-58C

H Conc.: 0.1-0.5 uM (0.2 uM)

Bioinformatic and PCR primer design:

B There are a numerous web-based resources for PCR and primer design.

B The use of software in biological applications has given a new dimension to the

field of bioinformatics.
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Table 1. Online primer design sites.

probe design tool, many options but easy o accept
defautts at first.

Tool name Description WWW

CODEHOP Consensus Degenerate Hybrid Oligonucleatide | hitp://blocks. fherc.arg/codehop.himl
Primers; degenerate PCR primer design; wil
accept unaligned sequences.

Gene Fisher Interactive primer design tool for standard or | hitp:/lbibiserv techfak uni-bielefeld de/genefisher!
degenerate primers; wil accept unaligned
SeqUences.

DoPrimer Easly design prmers for PCR and DNA | hiip://doprimer.interactiva.de/
sequencing.

Primer3 Comprehensive PCR primer and hybridization | hitp:/www-genome wi.mit edu/cgi-binfprimer/primer3 wanw.cgi

hittp:/fenaowr basic. nwu. edu/biotools/Primer3. himl

Primer Selection

Select PCR primers from nucleofide sequence.

/

/
http:femw justbio.com/primerfindex. php
hitp://alces. med.umn.edu/rawprimer himl

assessment of PCR primer pairs.

Web Primer Allow alternative design of primers for either PCR | hittp:/igenome-www2. stanford edu/cgi-bin/SGD/web-primer
O SeqUENCING PUIpOSe.
PCR Designer For restriction analysis of sequence mutations. | hitp://cedar.genetics.saton.ac.uk/public_html/primer html
Primo Pro 3.4 Reduces PCR noise by lowering the probability of | hitp:/www.changbioscience.com/primafprimo.himl
random primering.
Primo Degenerate 3.4 | Primo Degenerate 3.4 designs PCR primers based | http://www.changbioscience comiprima/primod himl
on a single peplide sequence or multiple
alignments of proteins or nucleotides.
PCR Primer Design | An application that designs primers for PCR or | htfp://pga.mgh.harvard.edulservletiorg mgh.proteome Primer
sequencing purposes.
The Primer Generator | The program analyzes the original nucleotide | http:/fwww.med jhu.edu/medcenter/primerfprimer.cgi
sequence and desired amino acid sequence and
designs a primer that either has a new restriction
enzyme site or is missing an old one.
EPRIMER3 Picks PCR primers and hybridization oligos | hitp://bioweb. pasteur friseqanalfinterfaces/eprimer3 himl
(EMBOSS).
PRIMO Prediction of forward and reverse oligonuceotide | htip:/bioweb pasteur friseqanalfinierfaces/primo.im3
Primers. htip:/atlas swmed edulprimalprimo_form himl
PrimerQuest A primer design tool. htp:/femw idtdna. com/biotools/primer_quest/primer_quest asp
MethPrimer Design primers for methylation PCRs. http:/fitsa.ucsf edu/~urolablmethprimer/index 1 him|
Rawprimer Atool for selection of PCR primers. http:/falces med.umn edulrawprimer html
MEDUSA A ool for automatic selection and visual | http:/fwww.cgrki.selcgrMEDUSA/

The Primer Prim'er
Project

Software suite that completely
automates the PCR primer design process.

hittp:/fesewr-nmr.cabm. rutgers.edulbioinformatics/Primer_Primer_

ProjectPrimer himl

Oligonucleotides for
the PCR

Sesk oligonucleatides on both sides of an area.

hittp:/fomaow.citi2 fribio2/ Oligo2ib. html

GAP

(Genome- wide Automated Prmer findar servers.

hittp:/Ipromater ics ucl edu/Primers!
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Oligonucleotides resources:
Oligonucléotides pour la | Calculation of mefing point  of a | hitp:/www.citi2 fribio2/CligoTM him
PCR oligonucleotide.
Oligonucleotide Prediction of melfing temperature. http://wwew basic.nwu.edu/biotoolsioligocalc. himl
properties calculator hitp:/fwww.microbiology. adelaide.edu auleam/oligcale. him
Oligonucleotide analyzer | Generates Tm, free energy, molecular weight | http:/fwww mature com/oligonucleotide. himl
and hairpin and dimer farmation structures.
Oligo Tm Determination | Prediction of Tm. http://alces med umn.edu/rawtm him|
Poland Prediction of mefting temperatures of primers. | http:/fwww biophys uni-
duesseldorf de/local/POLAND/poland.htm|

PROLIGO Oligos parameter calculation. hitp:/hwww gensetoligos.com/Calculation/calculation himl

My favorite softwares :
B PrimerSelect (DNAstar suite, local on terminal server)
B Primer3 (online version: http://frodo.wi.mit.edu/cgi-
bin/primer3/primer3_www.cgi)
B PerlPrimer (standalone freeware:http://perlprimer.sourceforge.net)

aprimerSEIect = [Untitled ]
%= File Edit Conditions Locate Log Report Options Help
:|' Selection -» 54,71

rs) t
_I W
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Polymerase Chain Reaction (¥)
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Polymerase Chain Reaction

Dr. Mustafa Ababan

Fawcett of vet. Medicine
Jordan diversity of Science and Technology

Outlines

PCR: definition and principles
DNA and replication

PCR cycle and components
How to start a PCR Protocol
Validation of the PCR
Interpretation of the PCR results
Optimization of PCR

Types of PCR

Summary

PCR
* Polymerase chain reaction: amplification of DNA
* Principles: by using Taq DNA polymerase we can mimic the actual replication of
DNA that happened in animal cell, bacterial cell and in viruses through
temperature cycling

DNA structure and replication

What is DNA made of?

3. Four nitrogenous bases

Nucleotides: . R
Phosphate - y
CE TN
Sugar 9 N
M 1
- Base H. Adenine (A) Thymi:e{'l'}
? | "-IN i EHZ
E | /"' H
-O0—P=0 H—% 15- -5 ) /:#‘cgg‘}ﬁ ™Gs 4 3N
5P é\H :{( SLRZO NH, H’ag":‘ﬁé%o
H
Guanine (G) Cytosine (C)

atoms of sugar are numbered
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5'end | 9
GH '

Nucleotides linked in a
directional chain

= one strand of DNA

—-wu K\'li;#‘

ﬁé Hﬂ
Nucleotide 3 .
g

i
Nucleotide 4\ |
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Two strands of DNA
Double-stranded DNA-
Anti-parallels
Hydrogen bondse

AT or GC pairse
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DMN& polymerase
",

e

template
=1 OM& strand

5@ O O O

3! o

FOLYMERASE ADDS AM
INCOREECT MUCLEOT IDE

S'QQQGGGQEI
AR AAA D oA
I T < O S -

MISFPAIRED MUCLEOQTIDE
REMOYED BY Z'—5!
FEOOFREADIMG

CORRECTLY FAIRED Z' EMD
ALLOWS ADDITIOM OF
MNEXT MUCLEQTIDE

SYMTHESIS CAOMTIMUES 1M
THE S'—32'DIRECT IOM

s

E1199E GARLAHD PUEBLIEHIMG
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Gene
e A gene is a segment of
DNA/RNA
e Carries the information for a:
PROTEIN
5’ promoter Structural aene 3’
upstream downstream

Temperature Cycling in PCR :

Temperature cycling — PCR process uses a machine (thermocycler) in which PCR
reaction goes through ~30 cycles of three different temperature changes:

~95°C — Melting temperature
40-65°C — Annealing temperature
68-72°C — Extension temperature

Principle of the PCR

et

Folymerase

The primer operates &

anneals ~ 50°C T72°C
— —

L =~
)
S mm

- — 1 st C}-"’Cfe 2rid Cycfe

The DMNA melts at

~95°C \

. —

M—h

T
N
/ >
g
e
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PCR amplification

* Initially, PCR is exponential
* Product (P) increases exponentially with # PCR cycles (N)

P=2N
PCR components
\. Buffer, 10x
Y. MgCI2
Y. dNTPs
¢, Primer 1 (Forward)
®, Primer 2 (Reverse)
1. Taq DNA polymerase
V. DNA Template (Target DNA)
A, H20

primer  §- 3’
ss DNA 3~

+
Nucleotides (ANTPs)

+
DNA polymerase

-
[ ]
DNA synthesis
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Polymerase chain reaction (PCR) analysis :

1). primers are designed to flank the region to be amplified in target DNA
2). primers are annealed to denatured DNA
3). DNA is synthesized using Taq polymerase
4). primers are annealed again and the process is repeated through
20-40 cycles, geometrically amplifying the target sequence
5). DNA is analyzed by gel electrophoresis

1)
»
>
Y
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How to start a PCR protocol

V. Choose the target gene: e.g: VP2 gene of infectious bursal disease virus
Where:Genbank http://www.ncbi.nih.gov/Genbank/
Accession # AM084695

Y. 2Design primers to amplify the whole or part of the target gene.
By special Software or web sites http://scitools.idtdna.com/Primerquest/
Primer self annealing, Hairpin formation and BLAST

Y. Set an amplification program in the thermal cycler machine with the
optimized components and conditions

Continue How to start with PCR
» Referring to published PCR protocols in scientific journals
* Referring to  published PCR protocols in OIE web site
http://www.oie.int/eng/normes/mmanual/A_index.htm

Validation of PCR

* By including positive and negative controls

Viewing and Interpretation of PCR results
By Gel electrophoresis (0.7- 3%), TBE or TAE or SB buffers and Etidium
bromide
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Optimization of PCR :

* Always starts with annealing temperature Gradient PCR
* Mg2+ Concentration

* Primers Concentration

* dNTPs Concentration

* Contamination problems

Continue :

e Faint bands
Multiple bands
Degraded bands
Thick bands
Primer dimers

Types of PCR
* Reverse transcriptase Polymerase Chain reaction (RT-PCR)
e  Multiplex (RT)-PCR
* Nested PCR
e Real time (RT)-PCR

Real-Time PCR

* Ability to detect PCR product as it is synthesized

* Requires fluorescence-based detection chemistries and specialized detection
instrumentation

* Advantages:
- Increased analytical sensitivity
- Faster results
- Broad applicability
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@ LLAL) bound to miEN A

Reverse

. S S . . AAARA transcriptase
@JWJMJWJW TTTT [(RT) copies first

ceDMNA strand

Reverse
M@ transcriptase

TTTT digests and
displaces mRNA
and copies
second strand
of eEDNA

Double
strand
ceDNA

Conversion of mMRNA to cDNA by Reverse Transcription

A, Double
strand DMNA,

150“ T
1950 B. Denature
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|[FEETRTEEE]

5Q° C. Anneal
primers
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binds

l 720 0. Polymerase
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cDMNA
strands
(32) are
now
shown as
lines 2
3
Pl

=1

After 5 rounds
there are 32
double strands of
which 24 (75%)
are are same size
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Molecular Diagnosis of Avian Influenza Workshop

Dr. Marwan Abu-Halaweh

Al-Isra Private University
Molecular Microbiology Research Laboratory

DNA Structure
* The science of molecular genetics began with determination of the structure of
DNA.

* DNA is along, double-stranded, helical molecule composed of building blocks
called deoxyribonucleotides.

Structure and Function of Genetic Material
DNA & RNA
DNA=deoxyribonucleic acid
RNA=ribonucleic acid
Basic building blocks:
* Nucleotides

A. Phosphate group

B. Pentose sugar

C. Nitrogenous base

Y VVY

DNA structure
* There are 4 different nitrogen bases make up the DNA
— Adenine (A)
— Thymine (T)
— Guanine (G)
— Cytosine (C)
* In RNA Thymine (T) replaced with uracil (U)
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Deoxyribonucleotides
Pyrimidines H ~ H
Thymine (=] N
1] | Cytosine
H5C C H H c
\c“/ \c‘
Lo C (o] o
H ,l, X0 T T o
H H
Nitrogenous Bases of DNA
H_ H

Adenine

N

!
NGH

H—C
Cl=c
i

N
H

Purines

o

Guanine ] 5

G e
N C N
H—C
(S c
v W
H H

Structure of DNA
¢ Double stranded (double helix)

e Chains of nucleotides
* 5’ to 3’ (strands are anti-parallel)
* Complimentary base pairing

- AT
- GC

DNA Structure :

Phosphate-P
Sugar-blue

Bases-ATGC

Cogynighl 2007 Banjaman Cumemings, on mgeint of Addiscn Woshey Longmman. nc
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DNA Structure :

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

Sugar—phosphate Base
' backbone pairs
5 aebng
B =
i AT =

2 c:a
Sugar |
Hydrogen Su
gar—phosphate
bonds backbone

DNA synthesis

— Synthesis can occur only in the 5’ to 3’ direction.

5" end

Growing
DINA
chain

oH &
d
1ebng
d
a1ebng
P
T2 A o a
d
5

l-Nucleotide
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Why use a molecular test to diagnose an infectious disease?

* Need an accurate and timely diagnosis
— Important for initiating the proper treatment
— Important for preventing the spread of a contagious disease

Advantage of Molecular Technique
Detection
* Denis et al observed that biochemical test provide only 34% efficiency compared
to 100% with the PCR.
* PCR tests have been developed for the detection and identification directly from
pathological and food sample.

Advantage of Molecular Technique Detection
* Denis et al observed that biochemical test provide only 34% efficiency compared
to 100% with the PCR.
* PCR tests have been developed for the detection and identification directly from
pathological and food sample.

Leading uses for nucleic acid based tests
* Nonculturable agents
— Al virus
— Hepatitis B virus
* Fastidious, slow-growing agents
—  Mbycobacterium tuberculosis
— Legionella pneumophilia
* Highly infectious agents that are dangerous to culture
— Francisella tularensis
— Brucella species
— Coccidioidis immitis

Leading uses for nucleic acid based tests
* Agents present in low numbers
— HIV in antibody negative patients
— CMV in transplanted organs
* Organisms present in small volume specimens
— Intra-ocular fluid
— Forensic samples

_ a_);\‘)‘)n a “n':“:na_)g‘)ad\ A alaiall —
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Leading uses for nucleic acid based tests :
» Differentiation of antigenically similar agents
— May be important for detecting specific virus genotypes associated with
influenza (Avian influenza viruses [H5n1]).
* Antiviral drug susceptibility testing
— May be important in helping to decide anti-viral therapy to use in HIV
infections
* Non-viable organisms
— Organisms tied up in immune complexes

Leading uses for nucleic acid based tests :
*  Molecular epidemiology
— To identify point sources for hospital and community-based outbreaks
— To predict virulence
*  Culture confirmation
— To confirm the culture results.

What are the advantages of using a molecular test?
* High sensitivity
— Can theoretically detect the presence of a single organism
* High specificity
— Can detect specific genotypes
— Can determine drug resistance
— Can predict virulence

Advantage of Molecular technique detection
* Denis et al observed that biochemical test provide only 34% efficiency compared
to 100% with the PCR.
* PCR tests have been developed for the detection and identification directly from
pathological and food sample.

What are the advantages of using a molecular test?
*  Speed
— Quicker than traditional culturing for most organisms
» Simplicity
— Some assays are now automated

What are the disadvantages of using a molecular test?
* Expensive
* So specific that must have good clinical data to support infection by that organism
before testing is initiated.
*  Will miss new organisms unless sequencing is done as we will be doing in the lab
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for our molecular unknowns (not practical in a clinical setting).
May be a problem with mixed cultures — would have to assay for all organisms
causing the infection.

Choice of Targets and Sensitivity

DNA

TOTAL DNA:

*Mol%G+C

*Restriction Patterns (RFLP,
PFGE)

*Genome size

*DNA homology

DNA SEGMENTS:

« PCR based fingerprinting
(ribotyping, ARDDRA, RAPD,\
AFLP, AP-PCR, rep-PCR)

*DNA probes
*DNA sequencing

«Electrophoretic patterns of total
cellular or cell envelope proteins
(1D or 2D)

I i patterns (
enzyme electrophoresis)

CHEMOTAXONOMIC MARKERS l

«Cellular fatty acids (FAME)
eMycolic acids

«Polar lipids

*Quinones

*Polyamines

«Cell wall compounds
«Exopolysaccharides

Moleculare Techniques

Technique
Restriction Fragment Length Polymorphism (RFLP)
Low frequency restriction fragment analysis (PFGE)
Phage and bacteriocin typing
Serological techniques
Ribotyping
DNA amplification (AFLP, AP-PCR, RAPD)
Zymograms (multilocus enzymes)
Total cellular protein electrophoretic patterns
DNA homology
Mol% G+C
DNA amplification (ARDRA)
tDNA-PCR
Chemotaxonomic markers
Cellular fatty acid fingerprinting (FAME)
rDNA / rRNA sequencing
DNA probes
DNA sequencing

Highthrougput assays (Microarrays, Cantilever arrays)

PROTEINS | +— MRNA

« rRNA sequencing
«LMW RNA profiles

EXPRESSED FEATURES

*Morphology

+Physiology (Biolog, API, ...)
+*Enzymololgy (APIzyme)
«Serology (monoclonal, polyclonal)
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Molecular Diagnosis
Molecular Diagnosis:

— PCR, RT-PCR, Real-time PCR, SNP etc.
Finger printing technique:

— RFLP, T-RFLP, LDR, DGGE.

Target amplification

Target amplification requires that the DNA to be tested be amplified, i.e., the

PCR Joducial 5 —alyl) ol 4,585 aladiad Jg—a Ay i) 5 a0
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number of copies of the DNA is increased.

Target amplification — The PCR reaction

PCR

ﬁ% q‘)}‘wa—ﬁ)’d‘w‘

Polymerase chain reaction — used to amplify something found in such small

amounts that without PCR it would be undetectable. Uses two primers, one that

binds to one strand of a double-stranded DNA molecule, and the other which
binds to the other strand of the DNA molecule, all four nucleotides and a

thermostable DNA polymerase. The primers must be unique to the DNA being
amplified and they flank the region of the DNA to be amplified.

Primer 1

a3

Cycle 2

Etc.

sequence ©of interest

DNA sequence

- —
3 v  usesmas EE
o =)= —+
Primer 1 Primer 2
Primer 2
Sequence

;,;j‘;_‘; PETE RN

[ Anneal (primer excess) |

DNA synthesis | |

I Anneal (primer excess) |

—
e
= s came
DNA synthesis

Cycle3a i

’: o

[ Anneai (primer excess) |  ©

- | DNA synthesis |
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RT-PCR
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First Strandl Symithass

Random primer

§ ARAAMAA Y Bh A
= lg=hg= Ng= Ng=hg= Ng T rarsd cUNA

Oligo(dT) primer

ARMAAAAA D =ihA

3

1 - « TTTITTTT & ¢ sdrand cONA
SeQUENCE-EPACTE ATk

5 AALAASAA Y  mONA

7 - a 1l strard cONA

In biochemistry, reverse transcriptase (or RNA-directed DNA polymerase) is
an enzyme that transcribes RNA into DNA. That is, reverse transcriptase copies
genetic information from RNA to DNA, which is the reverse of the more typical
direction (DNA to RNA).
to estimate expression levels and to clone cDNA products without the necessity of
constructing and screening a cDNA library.
However, most RT-PCR protocols recommend a first strand cDNA synthesis
reaction followed by inactivation of the reverse transcriptase and dilution of the
first strand reaction mixture to eliminate inhibitory effects of the reverse
transcriptase upon Taqg DNA polymerase.

»—= PCR
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Real-time PCR results

Fluoreirense

RFLP

Restriction Fragment Length Polymorphism »
Cutting a DNA sequence using restriction
enzymes into pieces - specific enzymes

cut specific places

Starting DNA sequence;

5-TAA CGTTAG GCGTTAGGACC
3-ATTARAGGCAATCARGTTCGCAATAATGG

Enzyme X Enzyme X

5-TTC- 5-TTC-

I"-AAG- 3"-AAG-
5 TAATTT 5 CCGTTAGTT & CAAGCGTTAGGACC
I-ATTAAA 3 GOCAATCAA 3-GTTCGCAATAATGG
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RFLP
* Gel Electrophoresis
* Generate results profile
* Results analysis

Electrophoresis

* Fragmentation products of differing length are separated — often on an agarose gel
bed by electrophoresis, or using a capilarry electrophoretic separation

Siza in basa # i C K
paira

LN
4000

3000 —

ALC

1 HLL

1000 —

S0

|'I'I.
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Gel Animation

START WELLS FILLED
WIT]}[ SAMPLE

T-RFLP
* Terminal Restriction Fragments Length Polymorphism
* Primer Design (Forward and Reverse).
*  One primer labeled with fluorescent material.

* Chose one or more restriction enzyme/s, using T-RFLP database at RDP

(Ribosomal Database Project).
* PCR amplification.
* PCR product digestion.

T-RFLP
* Polyacrylamide gel electrophoresis.
* GenScan Analysis
* Result analysis.

T-RFLP

1 2

Extrmct D¥NA PR with o Huorescently

froam the commuuty lalbseled 165 rRMNA forward promer '

s

Restnction digest of
PCR praduct

4
=

o

WA A

[ ER| TR R e

AN

Recogmation of Fragment separsticon in
Lilseled fragments Feduencuge gel

-

o ST
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* Denaturing Gradient Gel Electrophoresis (DGGE). One of the mostly used
methods for investigating the structure and genetic diversity of complex microbial
communities, this method separates DNA fragments of the same lengths on the
basis of differences in base-pair sequences.

* DGGE recently has been adapted from detection of point mutations, to being used
on a mixture of 16S rRNA gene fragments amplified by PCR from complex
environmental DNA samples.

* Each band in a DGGE gel is believed to be representing a single species/genus
although heterogeneity of rDNA genes within a single species has been reported.

LDR

PCR amplified Template
Common and discriminative

RYG RV G L probe representative
o TCC
Denature and
anealing probe
_k r=1 . £ © .
) s T E=AE T
TACAGE s Co
o = 3 5
Tag DINA Ligase
o Match
@ I:® ]Io LDR Product
ST raeaes [ [ LTI ! i
g e R
3 5 3 s
i Denaturation

Ligation product
will be detected by
ARI 377 Sequencer

T
=1

*
HEEE

EYGTCC
TACAGG
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T-RFLP and LDR Results
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000
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g0 =

400

B0 S0 120 180 180 210 240 270 B0 390 260 ?90 420 450 480

Diagnostic Procedures
What is PCR ?

*  Molecular method for amplifying target DNA or RNA
* Very specific

* Very sensitive (5-50 copies of target DNA)

* Relatively fast (compared to culture)
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MOLECULAR AMPLIFICATION TECHNIQUES
* In vitro Nucleic Acid amplification was first described in 1971 (Kleppe).
* 1983 Kary Mullis postulated the concept of the polymerase chain reaction (PCR)

* Remained theoretical until 1985 when Saiki published the first application of PCR
(beta-Globin)

Types of PCR:

Real-time PCR
* More quantitative than conventional PCR
* Measurements are taken early in reaction rather than at the end point as in
conventional PCR

RT-PCR
e Makes cDNA from RNA

Hot-start PCR
* Reaction starts at 98°C without a slow warm up
* Primers do not have the chance to anneal at temperatures lower than the Tm
* Amplified products tend to be cleaner

Nested-PCR
* Consists on two consecutive PCR reactions
* The amplified product from the first reaction acts as template DNA for the second

Variations of PCR in the Diagnostic Lab
* The most common variations of standard PCR used in the diagnostic laboratory
are:

Reverse Transcriptase PCR (RT-PCR)
Nested PCR (n-PCR)

Multiplex PCR (m-PCR)

Real-time PCR

PCR - Polymerase Chain Reaction
» This technique can be used to identify with a very high-probability, disease-
causing viruses and/or bacteria, a deceased person, or a criminal suspect.
* The basic unit for molecular biology development.
* Forward and reverse primer.
* Amplification
* Detect amplification on gel
* Determine product size to confirm the results.
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PCR reaction contains

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

Thermostable DNA polymerase

Nucleotides (dNTPs)

Mg®* (cofactor for DNA polymerase)

!

Mix is subjected to temperature cycling

Each cycle 94°C

Denaturation \ / Extension

94 °C 72°C
Annealing >
30-60 °C
30-60 °C

PCR Jodoial) 5 yall ol 4480 aladiu) J g duy il 5530
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72°C
Temp °C

(adjust temperature to balance between
specificity and amplification) )

Time

PCR : Polymerase Chain Reaction

30 -

ﬂmw#mmmmﬂh
T_Wﬂm_mﬂrrrrmﬂrrrrnﬁﬁ—l—n*

5

| -~ ] 3-4Jll_ll,_|J_U_LLLLLLL_|_|_|_LU.|_U.|.L 5
I I ! >~ B ~ I >~ /

1 1711 FH["""

WMLUM—'M,LLLLM

¥ Step 3

40 cycles of 3 steps :

Step 1 : denaturation

1 minut 94 <C

Step 2 : annealing
45 seconds 54 °C

I‘(J]-\""-;L]-‘.l &i'l'lt] rewerse
primers !!!

: extension

2 minutes 72 °C
only ANTP s

CAndy Vierstracte 1999)

Q|Jj\wqﬂ\w\



PCR

. ——————————— 3| 3] A gatil] Ay el A adaiall

PCR Jodoial) 5 yall ol 4480 aladiu) J g duy il 5530
Lo 3al ) gal) qupeai (A0 4 0 9 Agaug ) (ol aY) Qadull

ol —
heycle
= yied e —=
= Hhoycl

= { Indoycl
——{( lileyck o
template DNA — g
e\ =
J- :].I - — —
boopies oopies [fopies 3 cope

Exponential amplificafion

4
1 = 68 billon copies

(Andy Viestaee 1999)
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Denaturation 94°C

[}
' ' ' ) '

(Andy Vierstracte |¥99)

PCR
PCR
: il
—il
\/
DNA Polymerase

* DNA Polymerase is the enzyme responsible for copying the sequence starting at

the primer from the single DNA strand

e 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
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Taq DNA polymerase can withstand extreme temperature changes
* DNA polymerase from the bacterium Thermus aquaticus
* C-terminal 5'-3' polymerase domain
* 5'-3"exonuclease domain at its amino terminus

Polymerase template and primer requirements
* DNA polymerase cannot initiate synthesis on its own. It needs a primer to prime
or start the reaction. The primer is a single stranded piece of DNA that is
complementary to a unique region of the sequence to be amplified.
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Optimising the Annealing Temperature

S50 52 54 54 S8 [=1a]

* Primers have a oo
calculated annealing
temperature (e.g. 54°C).

* Temperature must be
confirmed practically.

* Temperature steps of
2°C above and below.

* Use gradient cycler.

Optimising the Mg2+ Concentration

* The fidelity of the PCR M T’ Z025 30 35 40

depends on [Mg2+].

* Vary [Mg2+] in steps of 0.5
mM.

* Sometimes a compromise

between yield and specificity.
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Nested PCR

Primer 1.1

1st Round PCR : :

Primer 1.2

Primer 2.2
I

I
2 ROUNd PO R

Primer 2.2
I
]

Amplification product

Nested PCR
* The advantages of n-PCR are:
— Its increased specificity (specific binding of 2nd primer pair).
— Increased sensitivity (2nd round of PCR amplification)
* n-PCRis used to detect organisms present in low copy numbers
— Viruses in CSF (herpes simplex, JCV)
— Eye samples (adenovirus, herpes simplex)
Multiplex PCR
*  m-PCR is arapid method of detecting multiple targets in a single reaction
* PCR reagent mix contains multiple sets of primers.
* Any one of these may be amplified during the PCR
— Primer sets to multiple organisms

— Primer sets to multiple target genes in the same organism.

* Major advantage is the reduction in test processing time
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Herpes virus Multiplex Primers

Herpesvirus DNA polymerase gene

Exoll' Exoll
{1 aa 750
Motif A Motif B Motif C
o e 3a 1000
- —_— — —
t—
F—
=
.h
tf—
HERPES MULTIPLEX PCR :

Results of PCR amplification with external and internal primers

150-250
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Detection of Amplification Products

* Agarose Gel Detection

* Solid Phase Hybridisation
and Colour Detection.

Q)

YOO

)\.Ja.

i

J

i

i

F

\

&
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'
AW,

YO0 OC
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¢ Real-time Detection

Instrumentation in PCR
* PCR was first commercialised into kit form by Roche Molecular Biochemicals
(1993)

¢ Roche Instrumentation introduced in 1996

e Real-time Quantitative PCR instruments became available in 1998 with ABI
7700 (TagMan) and 2000 with Roche LightCycler
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Roche Diagnostics

e  Commercial Kits

- CMV

- HCV
(Quantitative)

— COST/TEST -
$35

Applications of PCR
* Mutation testing, e.g. cystic fibrosis.

* Diagnosis or screening of acquired diseases, e.g. AIDS.
* Genetic profiling in forensic, legal and biodiversity applications.
* Site-directed mutagenesis of genes.

* Quantitation of mRNA in cells or tissues.

Can I PCR Amplify RNA?
* Not directly — the DNA polymerase requires a DNA template and will not copy
RNA.

*  mRNA can first be copied into cDNA using reverse transcriptase.

* cDNA is a template for PCR —it need not be double-stranded.
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Methods of looking at RNA

— O ol —

*$* Northern blot analysis

* RNA extraction, isolation & size fractionation

**Ribonuclease protection assay
* hybridization with anti-sense RNA
» selection of desired RNA
» protection against RNase

’:‘RNA-targeted Fluorescent In Situ Hybridization

**Reverse Transcriptase PCR
 make a cDNA strand from RNA
 cDNA more stable
» cDNA can be amplified using PCR

Reverse Transcriptase?
+ enzymes discovered by Temin and Baltimore in the early1960s

¢ used by retroviruses (such as HIV) to catalyze synthesis of cDNA from viral
RNA template
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Methods of looking at RNA

+ Northern blot analysis
* RNA extraction, isolation & size fractionation
¢ Ribonuclease protection assay
* hybridization with anti-sense RNA
» selection of desired RNA
» protection against RNase
+» RNA-targeted Fluorescent In Situ Hybridization
+ Reverse Transcriptase PCR
* make a cDNA strand from RNA
» cDNA more stable

» cDNA can be amplified using PCR

Reverse Transcriptase?
% enzymes discovered by Temin and Baltimore in the early1960s

«» used by retroviruses (such as HIV) to catalyze synthesis of cDNA from viral RNA
template

!
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RT-PCR
* In biochemistry, reverse transcriptase (or RNA-directed DNA polymerase) is
an enzyme that transcribes RNA into DNA. That is, reverse transcriptase copies
genetic information from RNA to DNA, which is the reverse of the more typical
direction (DNA to RNA).
* One tube (step) RT-PCR
*  Two tube (step) RT-PCR
RT-PCR
* RNA extraction
* Evaluation of RNA.
* Avoid contamination.
* Forward and reverse primer.
* RT-PCR based on the reverse transcriptase activity.
* Gel electrophoresis.
* Determine the size
RT-PCR
* Reverse Transcriptase-PCR.
* The most sensitive technique for mRNA detection and quantitation currently
available.
* 2 main steps:
— mRNA is reverse transcribed into cDNA
— cDNA is amplified to measurable levels by PCR
‘ Reverse Transeription-PCR
[RT-PCR) Amplified copies
of specific mMRNA
| 1. Extract total RNA | e —
T o <~
{\_V:\\j T
| 2. Reverse Transcription I
« = . dNTPs I
‘.,. e - ’ - . Reverse
L r"--—v-\ — il " Transcriptase " —
- -./-\'_-' il Double stranded
S > H_‘.‘\ o "Copy DNA"
g, U e e (POR o 5
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¥ v i'_im_“ & *
Torgel AMA SequenEe.
. W ) "': RNA dependent DNA polymerase
it ; : extends the primer by incorporating
complementary nuclentides

W == Results in Synthesis of

Complementary DNA (cDNA)

= Random hexamers Oligo d(T)

-c::::| DEE[’II’Ed HNA with RNase H

W Lhbbshlih <=———o Frimer annealing to the cDNA

W o — Extension (elongation) of the

wbsa

complement DNA
WW
REERAEERERREEEEAE ey Results in Synthesis of DNA
Dr. Marwan N:n.l-i:;raweh Prof. Mahmoud Abo-Shehada {dﬂnm 5@.—.
Al-lsra Private University Amian Influenza laboratony “E;%f
RT-PCR
Eukaryotes RNA
First Strand Synthess
Random primaer
& AABARLAA T REMNE
=-HNg=-Ng=-Ng="Ng=-Ng=-Ng Tl sfrarad cOMA
Chiga(dT) primer
5 AAAAAAAA T mEMA
— TTTITTTT 5 tetetrard cONA | ol
Sequance-Spacific [ mbTejs
5 AAAAREAA N mRAMA
A 5 Tt =trard cDMHA
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Reverse transcriptase complexes with primer and target RNA

—)— e~

Reverse transcriptase recruits dNTPs to generate a new strand of cDNA

)= s

|sothermal
dNTPs

Mg
/ g
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Reverse transcriptase recruits dNTPs to generate a new strand of cDNA

— | — ‘-:'__./'\../'\
/!
lsothermal
ANTPs

Mg

Reverse transcriptase recruits ANTPs to generate a new strand of cDNA

SR

/!

|sothermal
dNTPs

Mg?*
/ g

e
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Reverse transcriptase recruits dNTPs to generate a new strand of cDNA
. ( R N
Real Time PCR

e  Whatis REAL TIME PCR?

* Continues monitoring of fluorescent signals derived from fluorescent resonance
energy transfer (FRET).

* FRET PCR was described in 1996. Since then, there have been major innovations
in both probe technology and instrumentation design.

Real time PCR:
Unlike conventional PCR:
— Amplicon is visualised as the amplification progresses.
» Made possible by labelling of primers, probes or amplicons with
fluorogenic molecules.

. 5 methods of detecting amplified product:
» DNA binding fluorophores
» Linear oligoprobes
» Tagman probes
» Molecular beacons
»  Self-fluorescing amplicon
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Fluorophore Probe Innovations
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Fluoroprohe

URL

> DA binding dye e 2. SYER.
aree, ethodirm brorade. . ete

* Olzormcleatides probe

. Hypdrokysis probes (Tacgllan,
PE)

' Iilmor Groove Bmder (WGE)

. bdjacent hybndisation probes
(Fioche Dual probe)

. Hair Pin Probes

. Waolecular Beacon
. Sunrise UriP'rimer
. SCorpIon

* Peptide muclerc &cid probes
(PML)

hitp:hiochern roche cor/ighteyeler(le pn
noipleside prn dna det0] him

hitp:ihanane gensetolizos cor/ProductsPro
hesiprod  Tagroan hital

hitp:ihananw syntheticgenetics comleclipse)

http: s gensetolions corn/Products/Pro
hesiprod LishtChyeler hiral

http: s gensetolions corn/Products/Pro
hesiprod Molecular hiral

ity lhwsng talton.co horme hiral

hitp:lhanane probes comhandbookfiouresil
711 bl

hitp:ihanane hostorprobes compages/seiene
eltech-supporfscl-tech kil
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Fluroprobe Mchanism
[ Flocresceine !
Bl 440 '
Metbcphete . . Pocépt [ hed 708
dor QOO <+ -+ irr i e A —— :
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During sach amphfication cycle, the e Danot axcitation by an axiemal hght source
priman and probes ahneal «o leads o the emission of fluorescence by
i0 tha DA Target gy roniler
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baporw

’ Mhmmmlmm*
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Probe in random coil
(fucrescance quenched)

Probe annealed
(Muorescance emitted) ‘ l F

KON\

SYBR Green

Direct product detection — (1) DNA Binding Fluorophores

SYER Green
Primer
B Syber green is a very sensitive " \ I ’
method that can be used in agarose ohET oo LA
gels and real time detection

.

B In real-time detection the syber green
is included in the reaction mix. As
primer is extended the dye
interchelates with the DNA chain

B Under U.V. excitation the
interchelated cyber green emits
detectable light

Polymerase

(i60) e il i) e
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Direct product detection — (2) Linear oligoprobes

B Two probes complementary to target
sequence are used

B Following amplification oligo’s anneal
to specific sequence in target

B This brings probes into close proximity

B Energy transfer occurs between two
labels in each probe Transfer
Excitation Emission

>
T T T
I |

JUUREN CUNN |

B Light emitted proportional to amount
of product

Taqman Probe

Tag.mov
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Real-Time PCR

Through the use of
fluorescent molecules, real-
time PCR has the ability to
directly measure the reaction
while amplification is taking
place.

Real-Time PCR
* Forward and reveres primers.
* Probe design.
* Annealing temperature
* Run the PCR
* Amplification will be determined directly
* Melting Temperature.
¢ Quantification
*  Gel electrophoresis
* Results presentation.

Real-time PCR Advantages

— No electrophoresis

— Rapid cycling times

— High sample throughput

— Contamination free (sealed reactions)

— Sensitive (3pg or 1 genome Eq of DNA)
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— Broad dynamic range (101 - 1010 copies)
— Reproducible (CV < 2.0 %)

— Defined reaction protocols

— Integrated with extraction instrumentation

Campylobacter Sequencing

Canpylobacter coli CERTETACACTAG T GGG e CTAG TCATC TCAG TAR T CAGCTRACGCATTAAS TG TACCGCC THGGGAGTACGETCCCAAGATTRAAR CTC ARG AR TASACGGGGACCURCACRRGCOGTRGAGCATC TR TTTART
0. coli-P287 G TA T T e NGO T A T A O T A TR TG A GN TR ARG TG TAC U GO TG AR TACGE N CEC ARGATTRARACTCARAG G AR TAGACE G5 ACCURCACRRGCCGTRGRGCATG TG TTTRAT
Campylobacter jejuni CEATETACACTAG T GGG e CTAG TCATC A TAR TG CAC CTRACCCATTAAL IO TACCGCC o GGG AGTACGETCCCAAGATTRAAR CTC ARG AR TAG ACGGGNACCNGCACARGCGG TS GAGCATC TG TTTART
0. jejuni-00Mz260 ST A A T T TG A TG CTA G T A TC T A TR TG G C TR G AT A TG TACC GO TG AR TACR T CC ARGATTRARACTCARAG S AR TAGACE 5 ACCCRCACRAGCCGTRGRGCATEGRTTTRAT
Canpylobacter upsliansis CEATETAGCTAC T G666 e CTAG TCATC A TAR TG CAC CTRACCCATTAAS CATACCGCC oGO GAGTACGETCCCAAGATTRAAR CTC ARG GARTAGACGGGGACCURCACARGCOG TS GAGCATC TGS TNNNAT
(. upsaliensis-9M126 ST A T T TG0 TG CTA G T A TC T A TAR TG G C TR AT AR CA AU GO TG G AR TACR T CC ARGATTRARACTCARAG S AR TAGACE 5 GACCCRCACRAGCCGTRGRGCATEGRTTTRAT

Canpylobacter hyointestinalie CORTGTATACTRG IS TG IO TE (TG ICACEOCRE AR TG CA A G oA AR TATAC L O TR G GGRETACCG T CCARATTRARRCTCARAGEARTAGACGGEGACCLRCACARGCCETEGR NYINGTRTTTRA
(. hyointestinalis-9%I310  CTATACTAGTIOTT. . GO0 C AN EOC e A TG AT AR AT LT GG TAC G C AR A TTRARRCTCARAG R AR TR AC G GACCLACAC ARG LGOTEGRECATE TGRTTTRRT

Canpylobacter coli ARG AACCTTACC TG GO T TR AN KA CC T T A G TAR GGG T CTAGC e CTAG AAC TTAGACAC RGO T T CACGGC TR TE EICAGC IC P T ICGTRACR T TICGRTTNAG TECCGCAACGRG
(. coli-P287 AR AT A GGG AT A AT A A AR A G TG A T T AR T A AR AR T TR ACG GO T TC G ICAGC I T ICGTRACR T TG GRTTRRGTCCCGTARCGRG
Canpylobacter jejuni AT B CGAAG AACCTTACC TG GO T T AN KA CC T AT A GG TA TG A GG T CTAGC e C TG AAC TTAGAGAC RGO T T CACGGC R TE FICAGC IC T ICGTRACR T TIGGRTTRAGTECCGCAACGRG
0. jejuni-00M2260 AR AT A TG GO AT A A AT A A T NG A G TG AT T AR T A ARG AR T TR ACG GO T TC G ICAGC I T BT AGR T TIGGRTTRAGTCCCGTARCERG

Canpylobacter wpsliansis ATACGCGAAGRACCTTACCTRGGC TR ATATCCARCARATIC TG TAGAGRTAC GG AR TGCTAGC TIGCTAGRAT TTGAGACAGE TEC TS CACEGC TR TCETC ASCTCG TR ICGTGAGR TG TG GRTTARGTCCCGCRACGRG
(. upsalisnais-1INI26 AR AT A TR 6L AT A A TG TN A LA A T AT T AR T ARG A T TR ACG GO T TC G ICAGC I T (BT ACR T TG GRTTARGTCCCGTARCGRG
Canpylobacter hyointestinalis NTRCGUGRHGRACCTTACCTSGGCTIoATATCCTRRTAACKTC TTAGAG K TARGATRS G TS TTTAC ARG AR TTAGGRC RS TOCTECACGGUTI T TR N TH TR AT TG G TTRAGTCCCGURACGRG
(. hyointestinalis-99MI31  ATRCGUGRAGRACCTTACCToGGC oA AT AT TR C AT TG A A TAA G GRS O T TR ARG AAA TTAG GRC A TOCTECACGGUTE T TC A TE TG ACATO TG G5 TTRAG TCCCGURACGRG

Campylobacter coli G T A TG TR o TG G C G A T A A AT T e TR A GGG AR S T oG AL G AC T ARG O IO TeGL TR TR COCARGCCEACACACO IO TAC AT GCATATACARTG AGAC
(. coli-p287 CCACE A TAG TG U AR GO TG 6 CCGAGCAC T TARATAG AT CTTC G TARSGACGAG G RAG B TO TGGACGAC TCARG TCATC ATECCCC TTATECCCRRGCCEACACALGTGCTRC AR TS GCATATACARTG AGRC
Canpylobacter jejuni G T A TG TR o TG GG A T A A AT T TR A GGG AR S T oG ACCAC T ARG O IO TeGL TR TR COCARGCCEACACACO TACTAC AT GCATATACARTG AGAC
(. jejuni-D0M2260 BT TR TG TG R CAC T TR A AT TG TR AR GRAG S TG TG G ACGAC TC ARG TC AT ATGGUCCTTRTECCCAGGECACACACO TG TAC RATG CCATRTACRATAGAC
Canpylobacter upsliansis (T A TG T e TG NG A T T e G AT T TR GGG A AR o GGG AL G AL T AR IO IO TG GLCC TTAC R OO TRRGCCHACRCACO TACTAC ARTHGCATATACARTG AGAC
(. upsaliensis-DONI26 (ORI TTRG NGO TRACG TG 6 TGRS CACTUTARCGAGHCTCCTTCGCC  GEAGRRGGR (A A T ATC TG GO TTALGCCTRGCGCGACRCACTCTACRRTECCATATRCARTE AGAC

Campylobacter hyointestinalis CCRCHTATTTAG TS TAACAS T Go ToA A T ARG R T O TTE GTRR S GAGAR ARG TO T AL AL TE AR TE AT AT CCCTTATG CCCREGGCACRCACAC BATKGCATATRCAATE AGATECART
(. hyointestinalis-90MI3L8  CCRCGTATTTACTIECTARCAGTION

Campylobacter coli (A Ta AR T TR AR T AT AT T AT T T TGC AR T A ARG AR GG AR Tt TR G TAA T TG A TCAGCCATEC TACR G TR TACGTTC CORGTCTINTACTCACCRCCCRTE
(. coli-p287 CCGCEAGGTORAGCARRTCTRTARART A TSI CCAGTTC G GRTTE TIC T TG CAAC TCGAGAGC A TGRRGCCGGANTCRCTHG TAATC GTAGRTCAGCCATECTACGGTGRRTACGTICCCGGGTCTTGNACTACCGCCCETCA
Campylobacter Jejuni (A Ta AN CA A T A AR T TG A T GG T TG T TG AT A A AT A (oG ARTC o TAG AN T TAG A TCAGC A TG CTACG R ToARTACE TTC CCRGRTCTTR TACTCACTRNCCET
0. jejuni=00Mz260 CCGCEAGGETUGAGCARRTCTAT ARART TS CCCAGN TG GRTTE TIC T TGCAAC TCGAGAGC A TGRAGCCGGARTCRCTAGTAATC GTAGRTCAAGCCATEC TRCGGTGARTACH TICCCGGG TCTTCNACTCACCEGCCET
Campylobacter wpsliansis CUGCGAG TEEACCAAR T, TR ARRAT A TG TCCCAGTTC CGATO TTC T TGCARC TS ACAGC A TGARGCCGR AN IS TRG TAATC G AR TCAGCCATE TG LR G TG RATACGTTC  CEeGTCTIOTACTCACCHCCCRTE
(. upsaliensis-19H126 CCGCEAGCTORACCARRTCTRTARARTATGTCCCACTTC AT TIC T TG AACTCGAGAGC ATGARGCCGGANTCGC TAGTARTC GCAARTCAGCCATE TIGCCGTGRRTACG TICCCGGCTCTIC TACTCACCRCCCETC

Canpylobacter hyointestinalis AGATGGAGCARNIC T AR AT C A T A TG T o A T GRS CA TR GG AT TR TR TG TAG AT AGC AT C TR IGRATRC T CLG G TCTTE TACTCRCCHUCCOTCACALC
(. hpointestinal ie-99I518

Campplobacter coli T6GGAGTIGATTICACTCGARGCORGAATACTARAC
(. coli-P287 GGGAETTGATTICACTTC GRAGCCGRNATACTAA

Campplobacter jejuni ATGGEACTIGATTICACTCGRAGCORRARTACTARR
(. jejuni-00M2260 ATEGRAGCTOATTICACT GRAGRCCGGHATACTR

(ampplobacter upsliansis TGGGAGTIGATTICACTC ARG TCGARATACTARAC
(. pealiensis-AINI06 T6GGRSTIGATTICACTL ARG TEGRRATACTRAAC
(ampplobacter hpointestinalie GTIGATTICACTCGAAGTCGGANTGCTARATTAGCT
(. hyointestinalis-oRLl316
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Primer and Probe Design

Bacherdchia coli G~ T et AL LR TAR CA R G TR AT G TR T T AR TO T - - - o e e
C. smtona ATCC 3451 ClETCTEC T CoACRRAT Gl TAARACAGRTCETCCAL oL TRICRTCARC TCRIET --mmm - mmm o e meee
C. qracilis A0CIEH———mmmmmmmmmmmmmemn —===GIGICTETTGEAATCT TAAGACAEGTCCTR AR TR TCETCAGC ICRIRT =-mmmmmmemmmommmeee-
C. oaneing ATCIZN CTCTRCTTCCACAAAT Gl TAAGCACET G TEEAC R TRTCGTCARCTCRTET - mmmmmom e e
€. ourwis ATCC36224 ClETCTEC T CoACRRAT Gl TAARACAGRTCETCCAL oL TRICRTCARC TCRIET --mmm - mmm o e meee
€. micosalis CCIG6EEE COCTARC T CoTACAAT G TCARACAGRT L THCAC oL TRICBTCARC TCRIET --omm - mmm o mmmoeeee
C. pectus ATCC3230 CICTRTTCCA CAAAT Gl TAAG CACETGCTGEAL R TR TG TCARC TCRTET - mmmmmom e
C. byointestimlis ACC3SZL7-mmmmmmmmmmmmmmmmme-GIGCT TR TTACACARATTAGTGACACOT GO TR AL R TR TCETLAGC TCRIRT =-mmmmmmemmmommeee-
C. fetus ATCC143 GIGCTACC T CCTACAAGT TCARACAGCTCETCCAC L TGICBTCARC TCEIET =mmmmmsmmm e emmmmees
C. tpsaliansis (CUEMALEL —-mmmmmmmmmm—mmmmmee -GG TAGE T CETAGAAT CT TR CACET GO TOCAL R TE TR AR TCRTRT —- o mmm oo e omee
€. helveticus NCTCIAATO ClBTCTEC T CoACARAT G TAARACAGRTCE TCCAC AL TRICBTCARC TCRIGT --mmm - mmm o mmmmeem
€. showge COUGLLE4L GIGTCTCC T CoAGRRAT G TARCACAGRTCETCCAC L TGICBTCARC TCEIET =mmmmmmmmm e wmmmmees
C. lard ILTCLL3EE CCTAR TTCETAGAAL T AGAG CACET G TR AL AL TR TCGTCARCTCRTET - mmmmmom e e e
C. oali CCURLLZAY CGCTARC T CoTAGRAL TR AGARACAGRTCE TECAL oL TRICBTCARC TCRIET -momm - mmm o mmmmeeee
C. jefiand COUGEAGE? CCTAR TTCETAGAAL T AGAG CACET G TR AL AL TR TCGTCARCTCRTET - mmmmmom e e e
Jejurd-coli Probe CIGCTARCTTGCTARAAC TTAGAGL
CyE 11046 Probe BT T TOCAC GBI TCTCRTCARC TOGIET
CAGGATTARATACCCTERTAG Jejumi-coli probe | Probe Cyltli4g » GRGETTCCECTCCTTG
Driner 72 (783 - 808 & 10L3-L04 Yy l5‘C§f5 1046-1078 3‘1: Triner Cau-lev (1431464

An alignment of the partial 16S rDNA sequences corresponding to position 783 to
1464 (E. coli numbering [230] of representative of Campylobacter species is shown,
this region is amplified using primers F2 and Cam-Rev (indicated by left and right
hand arrows) to produce a 681 bp amplicon. The universal fluoroprobe Cy5+1046
(specific for members of domain Bacteria) and the probe Jejuni-coli (specific to C.
coli, C. jejuni and C. lari) bind adjacent to each other within the target regions of the
amplicon.
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Threshold Cycle, CT
» Correlates strongly with the starting copy number
» s linear with the log of starting copy number over at  least 6 orders
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Campylobacter coli and C. jejuni Detection
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Hn mmewe W fhwomescence dming  specific  adjacent
Iytridistion of the fooroprobe 6-FAM Jepmd-coli and

Duoroprobe Cy5 1046+ to the target sites of the 165 rDHA Aaose el elecropleresic of PCR meaction produdts fom O

amplicons of © jgurr (ATCC MO565) (-3, © Jod (ATCE tpalizsts (L 1), C. Rpoidestinglls (Lo 2), F. eoli (Lane 3),
35223) () ad , colf (HCTC 11366) (-7 -) during PCR & €. coli &;:“ ﬂiafr m ‘L""f C a?mmnﬁglﬁlﬁ
mesamed in the Light Cycler THL Ho indesse was chserved fir control king e ¢

. Fpcintestinlis (QHSS 99MI31S) (%), € upwabewis €. jeera bt name of the others produced the smplicons of 681 bp
(QHSS 99M126) (), & coli (-3 or & negdive control 1 expected. Molecular vreight marker (100 bp) (Promega, USA)
liking + DNA templde (-+). The DHA templites were weis used far base pair s comparison (Law 4).

prepared ueing the CTAE msthod.
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DNA Melting Curve
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Fluarescence
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Temperature “C

The melting peaks generated from the dissocialion of the fuoroprobes from C coli (MCTC 11366)
C Jert (ATCC 35223) and C jefuni (ATCC 940565) amplicon target sites at the end of run of real-
tune PCE. produced a Tm of 650C. But as expecteda Tm for C hpointestinglis, C upsaliensis, E
coli and a negatve confrol lacking template was not produced,

DNA Quantification

L]
iw
-
Ex
Ew
T W
|:| tm il %
b 7 1013 18 1% 225 3 3 M % W B
Cytls numbsr
Agaose gel electrophoresis of different DHA oo evtrations 192
o _ wpf'a.w 13, 10 2ng/id (Lawe 2, 1 92ng/d (Lew 3), 192
Rialtime detection of O, jgieer CTAB-purified DHA o pe/ul (Lew 4), 19 2pg/l (Lane 5), 7 192 pgipd (Lew 6), wd
different conweardrations. 192 ngil (<2, 19 Ingful (-7 <), 192 2/l (Lare 7) showrs an espected 681 bp smplicons. The
192 ngfyd (-+-), 192pafpl -7, 19.2 pafpl (=), 192 DNA 100 bp ladder v used 45 molecubar magkers (P .
pefpl (%) and 192 fzfpl (-4, Spstralin) (Lane §).
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Real time PCR:
Unlike conventional PCR:
— Amplicon is visualised as the amplification progresses.

Figure 2. Morde! of a single amplification plot, showing terms commenly used in real-time quantitative PCR.

Quantitative PCR

Marm. Fluorao.,

Threshold

' 0 a0 =0 lan Cycle
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ALWAYS REMEMBER! I

PCR is a highly sensitive technique — contamination
with unwanted DNA can be a problem

Prae  Pos '\-2 hitmrior

Always run NEGATIVE controls =

Include a positive control if appropriate

Use dedicated filtered tips and positive displacement
pipettes

Dedicated areas?

Can use UV cabinets

ADDITIVES?
Depends on the PCR

Can be used where products are diffuse or absent

OMSO 210% raduces Taq polymerase activity

dimethyl sulfoxide reduces secondary structure -GC rich templates

Betaine 10-1.7M  use Befaine or Betaine (maonojhydrate and not Betaine HCI

B N N-trimethylglycing Q-Solution/Advantage-GC

Formamide 1-5% Use a5 less as possible

Non-ionic detergents stabilise Tag polymerase and supress the formation of secandary structure

Triton X-100Mween 20Monidet P40 01-1%  0.1% increase yield but may also increase non-specific
0.5% Tween-20 or -40 will effectively neutralise this effect

TMAC 15-100mM
tetramethylammonium chloride

T-deaza-2'-deoxyguanosine facilitate amplification of templates with siahle secondary structures
used in place of dGTF in a ratio of 3; 1- 7-deaza-2-deoxyguanosing: dGTF

BSA amplify ancient DNA or templates which contain PCR inhibitors
havine serum albumin
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Procedure

* Note: All reactions should be carried out on ice.
1. Label one 0.5 ml microcentrifuge tube for each RNA used.
2. The negative control is water.
3. To 4 pul of RNA and negative control (waterblank) add 0.5 pl of primer
‘Uni-12
. Incubate for 5 minutes at 72 °C
. Make a cocktail of the following:
— 1.5 pl of H20.
2.0 pl of Reverse Transcriptase buffer
0.5 pl of 10 mM dNTP mix
0.5 pl of RNasin
— 1.0 pl of Reverse Transcriptase
. Add 5.5 pl of the cocktail to each tube and cool on ice
7. Incubate the RNA/Primer mix with the cocktail , total volume 10 pl at
42°C for 1 hour.
8. Then stop the RT-reaction by incubation for 5 minutes at 95 °C.

(T2 SN

)

Animation

gelelectrophoresis.exe Pcr.exe

GOLDEN RULE.

* Clinical specimens from humans and from swine or birds should never be
processed in the same laboratory.
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Laboratory Diagnosis of Influenza
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Test .
Method Time to Results Comments
Culture 1-10 days Still  gold standard  (2),
requires expertise, provides
virus for studies
Molecular 24t Becoming gold standard,
(RT-PCR) ~+hours requires expertise &

expensive equipment

Antigen Detection]
(Rapid EIA-like)

15-30 minutes

Widely available, requires
little expertise

Antigen Detection]

(IF 2-4 hours Requires reading expertise &
) IF microscope
Serology >2 weeks Retrospective, requires paired
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