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AMPLIFICATION ~:

ePart I: What is the real-time PCR?

— Real-time PCR introduction

ePart Il: How to use the real-time PCR?

— Operation and Data analysis
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“fl1-=y% f[|Central Dogma”
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« Central dogma describes

information flow from " MRV DNA ooveveneees :
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. ’g Structure of DNA
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End of molecules
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Classic PCR
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Classic PCR

AMPLIFICATION
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AMPLIFICATION

What is qPCR(Real Time PCR)?
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' PCR: Theory vs. Reality
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Theoretical
iIncrease

* Intheory, PCR reactions
amplify exponentially,
doubling every cycle and
grow forever.

Reality

Log Target DNA

* Inreality,

Cycle #
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AMPLIFICATION .:i'_ /)] Threshold CyCIe, CT

The point at which the fluorescence rises
appreciably above background
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Threshold Cycle (Ct) &2 4= 420k R e fic = & 1t

AMPLIFICATION g8 :
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« Assumes 100% efficiency

« 1 cycle = 2 fold difference
« 3.3 cycles = 10 fold difference
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Arplification Chart @ SYER AmphC. opd
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Arplification Chart @ SYER AmphC. opd
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Absolute quantification

AMPLIFICATION

#® Standard & Unknown
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Correlatigh Coefficient: 0,999 Slope; -3.396  Intercept: 8§ 373 ¥ =-3.396 % + 25.373 o nknovnz
PR Effifency: 97.0%: o Standards
2
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Log Skarting Quantity, nanograms

The slope of the standard curve can be directly correlated to the
efficiency of the reactions:

Efficiency (n) = [10¢1/slope) ] - 1
when slope = -3.32, Efficiency = 100%
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Slope = - [1/log (1+E)]
log (1+E) = - (1/slope)

E Slope — -1/slope] _

0.5 5.679 E = 10! pel - 1

0.6 -4.899

0.7 -4.339

0.8 -3.917 . .. _
0.9 e Aim for Efficiency Values:
1 -3.322 B

11 3103 Good =90 -110%

1.2 -2.920 .

13 2 765 Fantastic = 95 - 105%
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N IFS Y =-3.396 % + 28,373 o nknowns
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Log Skarting Quantity, nanograms

r =is a measure of how well the actual data fit to the standard curve.
= (explained variation/total variation)

Aim for R value (Correlation Coefficient) of >0.98
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Points to Remember

ity
' _

Threshold Cycle values (C;) have a direct
relationship to the amount of starting template

oo T B
09 .
s . 25 ee® .o-
) a0® "
— e0® ®
% v T

100% efficiency - 2" = fold dilution
« Efficiency of reactions between 90-110%

e Rvalue should be >0.98
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« These fluorescent molecules can be used

Real-Time PCR

— Non-specific DNA binding dyes
 SYBR® Green

e EvaGreen™

— Specific Hybridization Probes/Primers
« TagMan™
 molecular beacons
» dual-oligo FRET pairs
o Scorpions™/Amplifluor™ /LUX™
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DNA binding dyes

AMPLIFICATION ; :J:
S T O g o
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3
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S \Primers
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DNA binding dyes

AMPLIFICATION ; :1
3 gl — 5
5 3
Extension
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DNA binding dyes
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« Easy to start qPCR Exp. s won

* Inexpensive T
. Accurate -
- Large dynamic range & ANiv )
E 1000 JJ.- .f'( 1000
© 500 L 500
« Primer specificity

0z 4 6 & 10 12 14 16 15 20 22 24 206 25 30 32 34 36 35 40 42 44 46 45 50 52

d S i n g | e targ et PCR Ampliication vz Cycle: S‘g-gﬁlgw}-{mrimtrﬂimcr.opd
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Melt Curve Analysis

AMPLIFICATION [JIRESESE

* After real-time PCR amplification, a melt curve is performed
where we monitor fluorescence as temperature increases.

« Melting temperature (Tm)
— DNA is half double and half single-stranded
— Depends on nucleotide content (GC-AT ratio) and length

6000 1 -
5500

5000 |

RFU

4500

4000

3500 {

T T ' i T T T T T T T T t t T
g0 FiLH an * = H
Temperature, Celsius Tm
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Melt Curve Analysis
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kel Curve Chart - SYBR Ampkd CPrimerDimer. opd
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Melt Curve Analysis
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 Distinguish products based on their Tms

— Plot negative rate of change of fluorescence vs. temp (-dI/dT)
for easy discrimination of products based on their Tms

1400 + -
1200 I- -
1000 §- -

oo -

-d{RFU)T

500 £

s00 L -

200 £

Temperature, Celsius
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Melt Curve Analysis

AMPLIFICATION

kel Peak Chart : SYER Amphkd CPrimmerDlimer.opd
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‘ The DNA binding dye reagents of
' Bio-Rad

AMPLIFICATION [JNESSS

Reagents

« 1Q SYBR Green Supermix

« Ssofast EvaGreen Supermix
« 1Script One-Step RT-PCR Kit with SYBR Green

Key Features

— Sensitive SYBR Green or EvaGreen

— Simplified reaction set up with ready-to-use 2x reaction mix

— 1Taq hot-start DNA polymerase, hot-start in 30 sec or 3 min at
95°C

— Linear results over 7 orders of magnitude
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« These fluorescent molecules can be used

Real-Time PCR

— Non-specific DNA binding dyes
 SYBR® Green

e EvaGreen™

— Specific Hybridization Probes/Primers
« TagMan™
 molecular beacons
» dual-oligo FRET pairs
o Scorpions™/Amplifluor™ /LUX™
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mercation [ESEANCTCEN / Dyes and Quenchers

FRET: Fluorescence (Forster) Resonance Energy Transfer

\QG 0o
Dark Quenchers :  Ground state or static quenching

Energy is dissipated as heat
Molecular interactions inhibit fluorescence

N~ X
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TagMan —
the “Hydrolysis” probes
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Add Master Mix
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Cleavage-based assay:
TagMan

wg..hl!—‘
e s
e
= e

» More specific than dye base method

« Multiplex able using different reporter dye
« SNP genotyping application
* More high cost than dye base method
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The probes based reagents
of Bio-Rad

AMPLIFICATION [JRESE

Reagents

 1Q Supermix

« Ssofast Probes Supermix

« iScript One-Step RT-PCR Kit for Probes
* 1Q Multiplex Powermix

Key Features

— Simplified reaction set up with ready-to-use 2x reaction mix
— hot-start DNA polymerase, hot-start in 30 sec or 3 min at 95°C
— Linear results over 7 orders of magnitude
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Which Method To Use?

AMPLIFICATION -' =

= Each method has advantages and disadvantages.

= Bio-Rad Real-Time Instrumentation is equipped to handle
all chemistries.

= One method may be more appropriate for an application
over another

-SNP, microarray, limited sample....
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Real Time PCR application
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Real Time PCR application

AMPLIFICATION [JNESSS

« Quantitation
— Absolute —viral load detection
— Relative — Gene expression

« |dentification
— Microorganisms

— Allelic discrimination, SNP
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Types of quantification

AMPLIFICATION [JIRESESE

« Absolute

— Determines input quantity of a nucleic
acid target

— Requires a standard curve

14500 copies
* Relative

— Determines fold differences in input
target nucleic acid quantities between
samples

— Performed with or without a standard

analysis with a target gene normalized
to a reference gene

curve
I . — Typically used for gene expression
Normal | |

Treatment A Treatment B
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Arplification Chart @ SYER AmphC. opd
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Arplification Chart @ SYER AmphC. opd
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Absolute quantification

AMPLIFICATION

#® Standard & Unknown
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Threshold Cycle
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Loq Starting Quantity, copy numhber

— s 5YBR E= 94.1% RA2=1.000 s)ppe=-3.472 w-1nt=33.695
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Arplification Chart @ SYER AmphC. opd
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Absolute quantification

AMPLIFICATION

#® Standard & Unknown
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Types of quantification
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« Absolute

— Determines input quantity of a nucleic
acid target

— Requires a standard curve

14500 copies
* Relative

— Determines fold differences in input
target nucleic acid quantities between
samples

— Performed with or without a standard

analysis with a target gene normalized
to a reference gene

curve
I . — Typically used for gene expression
Normal | |

Treatment A Treatment B
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Arnplification Chart @ Auburn run 2.opd
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Relative quantification

26
. o
24
© _ —e_
5 7
5 2 -
T A
20 —
18_ T T T T T T T T T T T T T T T T
-1.5 -1 -0.5 0 0.5 1.5
Log Starting Quantity, nanograms
& SYBR E=100.6% RA2=0.999 slope=-3.308 y-int=21.793
Control C;= 21.3 = 1.5ng/tube
Sample A C;= 228 = 0.5ng/tube
Sample B C;=19.3 = 6.0ng/tube
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Gene Expression Normalization -
Comparative C;

AMPLIFICATION [JNESSS

« Relative Quantity (A CT)
— Not normalized
— Normalization accomplished via equal loading of samples
— Post analysis normalization

« Normalized Expression ( AA CT)
— Accounts for loading differences
— Usually normalize to reference gene

— Relative quantity of GOI is normalized by the relative quantity
of the reference genes
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'  Normalized Expression

AMPLIFICATION [JNESSS

« AACT
— Assume 100% efficiency

Simple

— Only one Ref Gene
« Pfaffl Modification

— Accounts for efficiency differences

— Only one Ref Gene

« Vandesompele Method

— Accounts for efficiency differences

— Allows multiple reference genes for Complex

normalization
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Relative Quantification - ACt
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GOl
Tissue #1: 22
Tissue #2: 24
Delta Ct: 24-22 =2

Fold induction =22=4
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Comparative Ct Method (2- A A Ct)

AMPLIFICATION [JNESISA Y

Reference GOl
Tissue #1: 21 22
Tissue #2: 20 24
Delta Ct #1: 22-21=1
1st Delta
Delta Ct #2: 24-20=4
2nd Delta  Delta Ct; 4-1 =3

Fold induction =23=8
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. ’g Relative Quantification

Problem with the AACT

AMPLIFICATION [JNESSS

Ct
24
22
90%
N J
e Starting quantity
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.“:"""L .Wg Relative Quantification

Problem with the AACT
Slopes are not parallel

Ct
og — o S
o e ______ _________________________ ~ T
o ‘ 90% 100%
N v )
Starting quantit
. y gq y
~
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. ’g Relative Quantification
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deltaCt i54et (cOntrol-sample)

Efficiencyiarget

Fold induction =

.. deltaCt ,gterence (CONtrol-sample)
Eﬁcm'encyreference

P — -1/slope
(Pfaffl, 2001; Nucleic Acid Research) Efficiency = 10
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_ Relative Quantification —Pfaffl
mercation [ESEANCTCEN Modification

Primer set #1Reference Primer set #2 GOI

Tissue #1: 22
Tissue #2: 24
(From Standard curve)  Efficiency: 90% = 100% = 2
Delta Ct: =-1 24-22 =2
deltaCt yrger (24-22 = 2)
. . target 4
Fold induction = = =— - 75
deltaCt \eference ( = '1) O 53
reference '
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Methods Comparison

* A Ct method: ( no reference gene )
— Fold induction : 4

« AA Ct method: ( reference gene)
— Fold induction : 8

 Pfaffl modification: ( reference gene and efficiency )
— Fold induction : 7.5
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How to design Real Time PCR experiment
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AMPLIFICATION [

v Gene structure

v Primer design

v Quality of RNA

v' Reagent quality

v" Pipetting

v" Good lab practices

Assay Considerations

Version 1.0
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Amplicon Secondary Structures

AMPLIFICATION [JRESE

http://mfold.rna.albany.edu/?g=DINAMelt/Quickfold

» Bad location for primers « Good location for primers
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Effect of primer location

AMPLIFICATION

Primer A 10000
Primer A: n = 66.3 % 3

"g' 1100 #1000
Primer B: 1 = 95.8 % 5

IE 1 JLIN]

i 1 1n

Myrle

Reverse Primer ]
B Primer B 10000
1000 1000
Forward Reverse 10a 100
Primer Primer A ANy
#* 4 %,
110 10 f UL REE i
1 T N [T P T O R T T B e £ I Tt | O R |

Coclz
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Non validated primers

AMPLIFICATION

Fluorescence vs Temperature  -dF/dT v Temperature | Fluorescence vs Temperature  -dF/dT e Temperature |
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AMPLIFICATION
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Correlation Coefficient: 0,721 Slope: -4.311  Intercept; 44.418 % =-4.311 = + 44,413 o rknownz
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Threshald Cycle
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AMPLIFICATION

Validated primers
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= ’ | Fast Assay optimization
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dynamic thermal gradient
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Fast Assay optimization
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AMPLIFICATION [JIRESESE
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Fast Assay Optimization

AMPLIFICATION

I

Test dynamic range

Amplification Chart : Auburn run 2.opd
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. ’é Sample and Template Preparation

« Extract and analyze RNA

AMPLIFICATION [JNESSS

« Careful quantification is necessary
— RiboGreen Assay - Quantification
— Implen nanophotometer — Quantification and purity

— Experion™- Quality and quantification

Version 1.0 www.bio-rad.com/pcr



AMPLIFICATION [JIRESESE

Experion Virtual Gel
L CJF F T 15 1A dh
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Samples 6,7,8 are highly degraded.

RQI Value & Color Coded Classification

Analysis of RNA purity and integrity

Corresponding Nanodrop Readings

Conc

Sample (Agual) | A260/280° | A260/230"

Coantrol-na heal 115 1.90 244
3 min & 900 114 1.93 2.40
& omin @ 900 115 206 237
10 min & S 115 2.03 247
15 min & 900 116 2 a1
1 hr @ S0C 109 1.99 2.1

Zhr i@ 90C 117 2.00 2.32
4 hr @ H0C 118 1.89 2.23

"Generally accepted ratios (A260 nd A2EQZAD)

for good guality RNA are = 1.8,
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Experion™Analysis of RNA

AMPLIFICATION : = 2

« Experiment: Evaluate siRNA-mediated

_ ] GAPDH siRNA
gene silencing T
* Prevent faulty conclusions
—Aoiact
. - A M
s | ¢ P
= E ' ' B
= |
_ sl (A I}
s =S ow— e 5 99%
bl 1 & | Cegaded
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Assay Considerations

AMPLIFICATION [JNESSS

Reverse Transcription Efficiency

RNA —* ——— CcDNA
Realiy ? |
Reproducible Data Not Reproducible

Version 1.0 www.bio-rad.com/pcr BIORAD



cDNA Synthesis

AMPLIFICATION

* Serial diluted RNA & cDNA

iScript gRT-PCR Standard Curve Comparison:

Total RMNA Stock eDNA Stock cDNA serial dilution vs. total RNA serial dilution
- - =y

\/ — i}
l l 35 A

® cDNA Standard
- A - oy A Total RNA Standard
| T
U v 301
. \/ J
| |
- - ey
RT
I | l,l J ‘|. J 20
i cDNA total
15 Slope -3.39%4 -3.382
Corr. Coef. 0.999 0.999
g T ™ ‘ Intercept 3891 38.09
. 10 1 PCRefficiency  97.1% 97.6%
|II i ' !I i 1/ '
5

Log Starting Quantity
(femtograms of input RNA)
Note: 1/10th of cDNA reaction used for PCR
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RNA to cDNA

AMPLIFICATION [JNESSS

— Prior to RT: Treat RNA with RNase-free DNase

— After RT: use enzyme that has RNaseH activity to digest
away RNA from RNA:DNA hybrid
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Assay Considerations

AMPLIFICATION [JIRESESE

Same Reagents, Different Hands

10000 10000 10000 10000
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Good Technique Poor Technique

Version 1.0 www.bio-rad.com/pcr BIO RAD



Assay Considerations

= v
L
AMPLIFICATION -' =

Improving Reproducibility

« Laboratory Technigues
— Use clean bench (hood)
— Use tips with filters
— Use calibrated micropipettors
— Use large volumes (3pL and up)

— Minimal pipetting into each reaction well
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Higeelicl ™ for iQ SYBR green

« 2XI1Q SYBR Green Supermix 12.5 ul
* Primer F (5 uM) 2 ul
 Primer R (5 uM) 2 ul

e ddH,O 3.5 ul
« Template 5 ul

« Total 25 ul
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Real time PCR is a powerful technigue that
permlts guantitative analyses to be performed

« Many detection strategies exist for gPCR, each
requiring specific excitation and detection
parameters

* Bio-Rad has the complete solution for all
aspects of real-time PCR

Gene Expression Gateway
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Complete solutions

(= .ﬂ RQI value
ﬁ*-'-'---*ﬂ =

- RNA Analysis
RMNA Purification - {Quality and Yield)
Aurum Total RNA Kits

Experion System . @
SmartSpec Plus

Random primers
RNaseH

siLentFect
Transfectin

A Gene Pulser Xcell iSeript cDNA kits
GE“E_ = IQ Multiplex Powermix Transcription
Modulation @.;'g____, MJ Mini ler 2 and

\@ Amplification

MiniOpticon, MyiQ2 & CFX96

Gradient function
Multiple ref genes & efficiency
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AMPLIFICATION [ >

THANK YOU
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