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Real-Time PCR
Principles and Applications

ODbjectives

m This Lecture will provide an understanding of the
following:

— Limitations of traditional PCR
— Introduction to Real-Time PCR
— Methods

— Advantages of Real-Time chemistries over traditional
PCR



PCR analysis

From classical to real time



Some definitions

m Molecular biology : the study of gene structure and
function at the molecular level.

m Gene : hereditary unit that is composed of a sequence
of DNA and occupies a specific position or locus. The
genes carry the instructions for making all the
thousands of proteins that are found in a cell.

m DNA : is along fiber made from two strands that
stick together with a slight twist.



PCR analysis : refreshment

G A T C
- mls me e

m The 4 bases are linked together to form a chain
or single strand of DNA:

GCTTATGCAT
e



PCR analysis : refreshment

m Most DNA is double stranded and pair in a unigue way:

Focd  FTAH




PCR analysis







Amplicons production vs Cycles
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Temperature Curve
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The Polymerase Chain Reaction
(‘PCR!’

m Traditional PCR; gel-based detection

m Real-Time PCR; fluorescence-based
detection



Post-PCR Analysis

Verification of PCR product on
agarose or sepande gel

PCR fragments




The Evolution of PCR to Real-Time

PCR has completely revolutionized the detection of RNA
and DNA. Traditional PCR has advanced from detection
at the end-point of the reaction to detection while the
reaction Is occurring.

Real Time
Detection
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real-time PCR
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eal-time
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real-time
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Real-Time Vs Traditional PCR

m Real-Time chemistries allow for the detection of PCR
amplification during the early phases of the reaction.
Measuring the kinetics of the reaction in the early
phases of PCR provides a distinct advantage over
traditional PCR detection. Traditional methods use
Agarose gels for detection of PCR amplification at the
final phase or end-point of the PCR reaction.



Limitations of End-Point PCR

Agarose gel results are obtained from the end point of the reaction.
Endpoint detection is very time consuming.

Results may not be obtained for days.

Results are based on size discrimination, which may not be very
precise.

As seen later in the section, the end point is variable from sample
to sample.

While gels may not be able to resolve these variabilities in yield,
real-time PCR Is sensitive enough to detect these changes.

Agarose Gel resolution is very poor, about 10 fold.
Real-Time PCR can detect as little as a two-fold change!



Problems with End-Point Detection

Poor Precision

_ow sensitivity

_ow resolution

Non - Automated

Size-based discrimination only
Results are not expressed as numbers

Ethidium bromide for staining Is not very
guantitative

m Post PCR processing




Agarose Gel

m Samples in the gel contain 10
copies and 50 copies,
respectively.

m It is hard to differentiate
between the 5-fold change on
the Agarose gel.

m Real-Time PCR is able detect a

two-fold change (i.e. 10 Vs. 20
copies).




PCR Phases

To understand why end-point PCR is limiting, it is important to
understand what happens during a PCR reaction.

m A basic PCR run can be broken up into three phases:

— Exponential: Exact doubling of product is accumulating at
every cycle (assuming 100% reaction efficiency). The reaction
IS very specific and precise.

— Linear (High Variability): The reaction components are being
consumed, the reaction Is slowing, and products are starting to
degrade.

— Plateau (End-Point: Gel detection for traditional methods):
The reaction has stopped, no more products are being made
and if left long enough, the PCR products will begin to
degrade.



PCR Phases

m  Shows three replicates of a sample. The replicates have the same starting
guantity. As the PCR reaction progresses, the samples begin to amplify in
a very precise manner. Amplification occurs exponentially, that is a
doubling of product (amplicon) occurs every cycle. This type of
amplification occurs in the exponential phase. Exponential amplification
occurs because all of the reagents are fresh and available, the kinetics of
the reaction push the reaction to favor doubling of amplicon.

Platean
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However, as the reaction progresses, some of the reagents are being
consumed as a result of amplification. This depletion will occur at
different rates for each replicate. The reactions start to slow down
and the PCR product is no longer being doubled at each cycle. This
linear amplification can be seen in the linear phase of the reaction.
The three samples begin to diverge in their quantities during the
linear phase.

Eventually the reactions begin to slow down and stop all together
or plateau. Each tube or reaction will plateau at a different point,
due to the different reaction kinetics for each sample. These
differences can be seen in the plateau phase. The plateau phase is
where traditional PCR takes its measurement, also known as end-
point detection.

Previous Figure shows that the three replicate samples, which
started out at the same quantity in the beginning of the reaction,
reflect different quantities at the plateau phase. Since the samples
are replicates they should have identical quantities. Therefore, it
will be more precise to take measurements during the exponentlal
phase, where the replicate samples are amplifying exponentially.

The amplification phases can be viewed differently to assess the
PCR phases. The figures that follow show the phases of PCR in a
Logarithmic scale view and a Linear scale view (Figures 4 and 5).



Figure 4: PCR Phases in Log view Traditinpal
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Tradibonal
PCR detection

Figure 5: PCR Phases in Linear View
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Problems with detection In the
Plateau phase of PCR

m As stated earlier, the plateau region is the end-point of the
reaction and is representative of the amount of product that
you would see on garose Gels. The 96 replicates In the

exponential phase are very tight in both the linear and
logarithmic views.

Figure 6: Linear view 96 replicates Figure 7:Log view 96 replicates

Plateau effect Plateau effect

Lxponential
Phase




Real-time PCR 1s...

m T he ability to monitor or visualize accumulation of
PCR products using fluorescence

m Real-Time chemistry provides fast, precise and
accurate results. Real-Time PCR is designed to
collect data as the reaction is proceeding, which is
more accurate for DNA and RNA guantitation and
does not require laborious post PCR methods.



Why Real-Time PCR?

= To:
= Permit rapid target Id; <30 min
* Eliminate post-PCR processing
= Be highly specific
= Allow multiplexing

* Permit quantification



Real-Time PCR Definitions

 Growth Curve
Plot of Fluorescence vs Cycle #



Real-time Growth Curve:
fluorescence vs cycle number

Fluorescence




Real-time Requirements...

m Real Time PCR is : the ability to monitor or
visualize accumulation of PCR products using
fluorescence

— Target sequence must be amplified in the presence
of a fluorescent reporter

— Increase in fluorescence must be proportional to
the increased amount of DNA (amplicon)



Reporter methods

m Intercalating Dyes : SYBR® Green |

m Hybridization Probes
m FRET probes : LC640, LC705



SYBR® Green

m The simplest and cheapest principle iIs based on
Intercalation of double-stranded DNA-binding dyes. This
technology can be easily applied to already established
PCR assays and does not need any additional
fluorescence-labelled oligonucleotide. However, specific
and nonspecific PCR products are both detected.
Therefore, these assays require careful optimization of the
PCR conditions and a clear differentiation between
specific and nonspecific PCR products using melting-
curve analysis.



Intercalating Dyes

m Binds to all double stranded DNA, non-sequence
specific

m |dentify amplicon purity and melting temperature
(T,,) by melt curve analysis

m Example : SYBR Green |






SYBR Green |




Melt Curve Analysis

m Following amplification, temperature is slowly
Increased to separate(melt) paired DNA strands, the
Intercalating dye is released and fluorescence
decreases.

m Melt Curve — plot of temperature vs fluorescence signal



Melting Temperature (T,)

m Temperature at which 50% of the DNA is double
stranded and 50% is single stranded

m What is it used for?
— To determine purity of amplification product
— To identify amplification product(s)
— To optimize assay annealing temperature



Post-PCR Melt Analysis of
Amplification with SYBR® Green

Correct product

Fluorescence rimer
__di_mer
Negative
first

derivative




Quantitation

m Theoretically, there Is a quantitative relationship
between amount of starting target sample and amount
of PCR product at any given cycle number.

m Real-Time PCR detects the accumulation of amplicon
during the reaction. The data is then measured at the
exponential phase of the PCR reaction. Traditional PCR
methods use Agarose gels or other post PCR detection
methods, which are not as precise. As mentioned
earlier, the exponential phase is the optimal point for
analyzing data. Real-Time PCR makes quantitation of
DNA and RNA easier and more precise than past
methods.



PCR Monitoring with Hybridization Probes

m The Hybridization Probe format is used for DNA detection and
guantification and provides a maximal specificity for product
Identification. In addition to the reaction components used for
conventional PCR, two specially designed, sequence specific
oligonucleotides labeled with fluorescent dyes are applied for
this detection method. This allows highly specific detection
of the amplification product.

Oligo 1 Oligo 2

E .
\,'\'_, LC Red 640

i LYLET 58 ¥L
AmplificuM_
Product _'_I_——/—L—J"J |_\l\&)




The sequences of the two oligonucleotides are selected such that
they hybridize to the amplified DNA fragment in a head to tail
arrangement. Why is this design important? When the
oligonucleotides hybridize in this orientation, the two
fluorescence dyes are positioned in close proximity to each other.

o
w'
U_/\,JJ—I\I\&}




When the two dyes are in close proximity, the emitted energy excites the LC Red 640
attached to the second hybridization probe that subsequently emits red fluorescent light
at an even longer wavelength.

This energy transfer, referred to as FRET (Fluorescence Resonance Energy Transfer) is
highly dependent on the spacing between the two dye molecules. Only if the molecules
are in close proximity (a distance between 1-5 nucleotides) is the energy transferred at
high efficiency.

The increasing amount of measured fluorescence is proportional to the increasing
amount of DNA generated during the ongoing PCR process. Since LC Red 640 only
emits a signal when both oligonucleotides are hybridized, the fluorescence measurement
Is performed after the annealing step.

Transfer

Excitation




PCR Monitoring with Hybridization
Probes

10* Copies

4% ]
- i

10 Copies

@
Q
@
&
e
(=
Q

=

L

0 Copies
— i

15 20 25 30 35 40 45

Amplification Cycles




Hybridization Probes

m Based on complementary sequence
m Seqguence specific

m Use Fluorescence Resonance Energy Transfer (FRET)
technology.

m FRET is affected by two factors
-Distance between the donor and acceptor

-Spectral overlap between donor fluorescence emission and
acceptor excitation



Fluorescence Resonance Energy
Transfer

e Fluorescence Resonance Energy Transfer occurs when
electronic excitation of a molecule is transferred to another
molecule without emission of photon

Close Far

\‘J\*




Hybridization probes

Principle: adjacent hybridisation and FRET

EXCITATION

\ e’ EXCITAT gﬂ {FRE;
‘.‘.

[[LTTT 1] IIIIIIIIS
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Annealing 1-5nt

Fluorescein (donor) @ LC RED640/705 (acceptor) Phosphate



Hybridization system

Option 2 : FRET probes

m Second fluorochrome is the Reporter
m Advantage : lower background
m Disadvantage : Use large part of the spectrum

=>limited multiplex capability (two targets mean
four emissions wavelengths to manage)



Hybridization system

FRET emission probes et S

*Requirements:
-2 probes one labeled with an acceptor dye
and one labeled with a donor dye
‘Both probes must hybridize to target head
to tail within 1-5 bases

*Mechanism:
‘Donor dye excited
‘Energy transferred to acceptor dye which
emits at longer wavelength
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Real-time Growth Curve:
Plot of fluorescence vs cycle number
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Real-Time PCR Definitions

» Cycle Threshold (C+)

The first cycle in which there Is a significant
ncrease In fluorescence above a specified
threshold.
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Advantages and limitations of real-time PCR

Advantages Limitations
Wide dynamic range of quantification FCR product increases exponentially

|- & log decades) Variation increases withcycle numbe
High technical sensitivity (< 5 copies) Increased variation after transformation to
High precision i< 2% CV of G values) linear values
Mo post-PCR steps Cwerlap of ermission s pectrad

[inimized risk of cross contamination [Maximal four simultaneous reactions?
High throug hput Increased risk of falss negative results®
[Multiplex approach possible

“It 15 expacted that new technologywill Improve this.,
b paricular Tor pathogen detect on e.q. new emerging pathogens, highly variabla pathogens),




_ Appllcatlc_)ns Of real- Clinical microbiology
“me PCR IN molecular Viral load {e.q. HIV, HEOW HEY)

) . Bacterial load (e.q. EHEC, Sakmoneia,
fvoobactenom)
d Iag nOStICS I L||1-i}:'|l I-::-.-'Iu:1 [0, -:'.Z!.=|.'.'-.1.'-.1.=|. Cryplocoocus,

Azpergillus)

Food micrabicslogy
Bacterial load (e.q. Listera, Safmonella,

Campylobacter)

Veterinary microbiclogy

Viral load {e.q. FIV, 5P FEW)

Loonotic agerits

Clinical encolegy

Finimal residual dissase

Chromosomal translocations

Single nuclectide polymorphisms (SMPs)

Gene therapy
Gare transfer estimation
Bicdistribution of vectors

Gene expression

Cytokines, receptors, etc.
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