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1st Generation 2nd Generation 3rd Generation

Gel Electrophoresis

(qualitative)

Real-Time PCR

(indirect quantification)

Droplet Digital PCR

(absolute quantification)

Generations of PCR
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Polymerase Chain Reaction (PCR)

94oC

DENATURE

Targeted DNA replication using thermostable DNA polymerase
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Polymerase Chain Reaction (PCR)

50 – 65oC

ANNEAL PRIMERS

Primers are complementary to opposite strands of target 

region but not complementary to any other sequences

The use of two primers allows targeting of specific sequences
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Polymerase Chain Reaction (PCR) 

EXTEND STRANDS
72oC

Taq polymerase synthesizes DNA complementary to template 

in 5` to 3` direction
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Polymerase Chain Reaction (PCR) 

Each cycle of PCR doubles the number of progeny DNA 

duplexes (which can then act as template as well)

1 cycle = 21 copies of starting template

25 cycles = 225 copies of starting template 

(~33554432)

94oC

50-65oC

72oC
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Reality vs. Theory

Cycle #
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Theoretical

Amplification is exponential, but the 

exponential increase is limited:

Real-Time PCR allows us to 

‘see’ the exponential phase 

so we can calculate how 

much we started with.

l A linear increase  follows

exponential

Real Life

• Eventually plateaus
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PCR – 1st Generation

End point analysis 

Template

Cycle 1

2X Template

4X Template

30-40 cycles

Cycle 2

•Amplify target DNA with end point analysis to distinguish products

–No relationship between end point and starting target copies
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qPCR Principle

• Record target-specific fluorescence during the PCR and then determination  Cq 

Value for sample

• An inverse, linear relationship exists   between the logarithm of the initial target 

quantity and the Cq

• Signal threshold determines Cq value (formerly Ct)

• Logarithmic base 2 scale
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Determining Threshold and Cq

Xn=X0(1+E)n
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•Normal view versus Log view

Determining Threshold and 
Cq

CT value v.s. concentration

•1 cycle = 2 fold difference

•3.32 cycles  10 fold difference

•Assumes 100% efficiency

Y= N0 2n Y=N0 (1+E)n
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Quantitative PCR (qPCR)

Cycle number0 35

100

Create a standard curve with 10-fold serial dilutions of PCR product –

assign arbitrary values

Compare values from standards with values for unknown sample
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STD 1: 1,000,000

STD 2: 100,000

STD 3: 10,000

STD 4: 1,000

STD 5: 100

STD 6: 10

Sample: 6,592
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A standard curve allows you to 

determine the efficiency of 

your assay

Standard Curves
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CT is linear with the log of starting 

copy number (standard curve)

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

Efficiency (E) = [10(-1/slope) ] - 1
when slope = -3.32, Efficiency = 100%

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

80–120%

Target 

<80% >120%

• Assay design

– Secondary structures?

– Primer-dimers?

– Nonspecific amplification

• Pipetting?

• Dilution errors?

• Assay design

– Secondary structures?

– Primer-dimers?

– Nonspecific amplification

• Pipetting?

• Dilution errors?

• PCR inhibitors?

E Slope

0.5 -5.679

0.6 -4.899

0.7 -4.339

0.8 -3.917

0.9 -3.587

1 -3.322

1.1 -3.103

1.2 -2.920

1.3 -2.765

Aim for Efficiency Values:

Good = 90 – 110%

Fantastic = 95 – 105%

Slope = - [1/log (1+E)]

log (1+E) = - (1/slope)

E = 10[-1/slope] - 1
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Points to Remember

•Threshold Cycle values (CT) have a direct relationship to the amount

of starting template

•Check space between CT values follows correct relationship 

(100% efficiency) 2n = fold dilution

•Efficiency of reactions between 90-110%

•R value should be ≥0.98
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What are the most common 
detection strategies used for

Real-Time PCR?
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Real-Time PCR

•The fluorescent molecules can be used

– Non-specific DNA binding dyes

• SYBR® Green I

– Specific Hybridization Probes/Primers

• TaqMan™

Nucleic Acid 
Intercalating dye

Hydrolysis& 
Hybridization 

probe
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• SYBR Green I binds dsDNA 

• fluorescence increases when 
bound to dsDNA

• As dsDNA accumulates, 
more dye binds the DNA and 
the fluorescence increase

l

l

l

l

PCR 

Reaction
Progression

l

l

l

l
l

l

l

l l

l l

l

Real-Time Chemistry: 
SYBR Green
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Advantages

• Intercalation dyes-based assays are more 

economical than probes-based ones

• Allow melt curve analysis to test assay specificity

Disadvantages

• You can not multiplex with dyes

• Dyes do not discriminate and will bind any dsDNA in 

your sample

– This includes primer dimers

– Problems if assay is not specific

Intercalation dyes: 
SYBR and EvaGreen
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Melt Curve Analysis

Fluorescence decrease as the temperature increase: 

1. DNA strands start to separate

2. SYBR green looses its binding to the DNA

3. Fluorescence rapidly decreases

24



Melt Curve Analysis

-The melting temperature of the amplicon can easily be detected.

-Contaminating DNA, primer dimer or false priming is seen as an additional peak.
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Melt Curve Analysis

Multiple wells, same assay, single 

peaks at high melting 

temperatures (+80ºC).  This 

means my assay is specific!

Multiple wells, same assay, multiple 

peaks!  This means off-target 

amplification and/or primer dimers!
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• Target specific hybridization probe

• 5’ reporter and 3’ quencher

• Utilizes FRET (Fluorescence Resonance Energy Transfer ) 
quenching

• Relies on a validated primer set with high specificity

R

Q

Reporter

Quencher
R Q

* heat for BHQs

Energy

Light*
Light

Real-Time Chemistry: 
Probes (TaqMan)

Dark Quenchers :Ground state or static quenching

Energy is dissipated as heat

Molecular interactions inhibit fluorescence

F
Q

X

Q
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TaqTaq

R
QQ

l

R Q
R

Q

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, 

releasing reporter from 

quencher

4.  Illuminated reporter exhibits 

unquenched fluorescence

R

Mechanism of probe 

chemistry
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Advantages

• Allows multiplexing by using different reporter dye

• Removes concerns about primer dimers and off-

target amplifications (More specific)

• SNP genotyping application

Disadvantages

• More expensive than dye-based assays

• To test assay specificity you’ll need to run products 

on gels

Hybridization probes
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Gel confirmation

50 bp

100 bp

200 bp

2 kb
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34
SYBR vs. Probes: How do I choose?

• Is your sample limited or rare?

• Is time-to-results a very significant constraint?

•Are you differentiating similar sequences?

•Do you have specificity concerns? 

•Do you need multiple data points out of the same sample?

Sso Advanced Universal Probes 

Supermix

1725280 

Sso Advanced Universal SYBR® 

Green Supermix

1725270 



Real-time PCR Sample 
Preparation

SYBR Green Chemistry Probe Chemistry

Hot Start PCR Melting Curve
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3 Step PCR

3 min

1 min
1 min 7 min

Activation Cycle 39Cycle 1

1 min

Cycle 2 Cycle 40

3 min Polymerase Activation

40 min Denaturing

40 min Annealing

40 min Extension

7 min Final Extension

130 min total in incubations

Initial Ramp to 95o

40 X Ramp down to 60o

40 X Ramp up to 72o

39 X Ramp up to 95o

46 min total in ramping

Total time 2 hours 56 minutes
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2 Step PCR

3 min

1 min

Activation Cycle 38Cycle 1

10 sec

Cycle 2 Cycle 40

3 min Polymerase Activation

7 min Denaturing

40 min Annealing

50 min total in incubations

Initial Ramp to 95o

40 X Ramp down to 60o

39 X Ramp up to 95o

46 min total in ramping

Cycle 39

Total time 1 hour 36 minutes
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Comparative CT

•Relative Quantity (CT)
–Not normalized

–Normalization accomplished via equal loading of samples

–Post analysis normalization

• Normalized Expression (CT)
–Accounts for loading differences

–Usually normalize to reference gene

–Relative quantity of Target is normalized by the relative quantity of 

the reference genes

General QPCR Working Process
-- Data analysis
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Target

Tissue #2:

Tissue #1: 22

24

Delta Ct: 24-22 = 2

Fold induction = 22 = 4

Relative Quantity (CT)
Quantification - Ct
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Reference Target

21

Tissue #2 (Test)     :

Tissue #1 (Control):

20

22

24

Delta Ct #2:

Delta Ct #1: 22-21 = 1

24-20 = 4
1st Delta

Delta Ct: 1-4 = -32nd Delta

Fold induction = 2-(-3) = 8

CoNormalized Expression (CT)
parative Ct Method (2-Ct)
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Ct

90%

24

22

100%

Starting quantity

Relative Quantification

Problem with the CT

Slopes are not parallel
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Primer set #1 

Reference

Primer set #2 

Target

21

Tissue #2 (Test)    :

Tissue #1 (Control):

20

22

24

90% = 1.9

Delta Ct:

Efficiency:

20-21 = -1

100% = 2

24-22 = 2

2target

deltaCt target (24-22 = 2)

Fold induction =  

1.9reference 

deltaCt reference (20-21 = -1)
= 

4

0.53
= 7.5

0.56
7.1

(From Standard curve)

Pfaffl modification Pfaffl 
Modification
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•Ct method: (no reference gene)

–Fold induction : 4

•Ct method: (reference gene)

–Fold induction : 8

•Pfaffl modification: (reference gene and efficiency)

–Fold induction : 7.1

Methods Comparison
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Remember...

Real-Time PCR is not ‘cookbook 

chemistry’ - a real-time 

instrument will not optimize your 

experiments for you 

However, once you do optimize 

your reactions, you will get 

reproducible, accurate results
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Assay and Primer Design

• Primer design considerations

–Assay type (SYBR vs Probe/TaqMan)

–Exonic vs intron spanning

–Selection of primary genome viewer (NCBI, Ensembl, UCSC)

–SNP locations

–Selection of best fragments for optimal transcript coverage 

and maximum intron size

–Secondary structures (UNAfold)

–Specificity (BiSearch)
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Choosing between 
intron/exon coverage

Exonic designs

• Assay completely located within a single exon

• Amplifes both cDNA  & gDNA

• gDNA can be used as positive control

• Can be applied to all genes

Intron-spanning designs

• At least one intron between forward & reverse primer

• Limits co-amplification of contaminating gDNA

• Not possible for single exon genes or genes with small introns (~ 9% of the genome)

• May not help for genes with processed pseudogenes (~15% of genome)

• Decreased design space

1 2 3 4

1 2 3 4

gDNA

mRNA

Exon         Intron        
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Primer3Plus Primer 
Design

•http://www.primer3plus.com  PCR settings

– mix_salt_divalent

– mix_salt_monovalent

– mix_dntp_conc

– mix_dna_conc

– mix_pcr_temperature

 amplicon properties

– amplicon_size

 Tm prediction

– SantaLucia 1998

 primer properties

– primer_size

– primer_tm

– primer_max_tm_diff

– primer_gc

– primer_max_3prime_gc

– primer_max_3_poly

– primer_max_self_end

– primer_max_self_any

– primer_pair_max_compl_end
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http://blast.ncbi.nlm.nih.gov/Blast.cgi

Specificity Analysis
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Assays – What are your 
choices?

•Design new assays

–Take advantage of the latest information and design tools and 

do the proper wet-lab validation in order to meet MIQE guidelines

•Use existing custom designed assays

–Possible unknown design criteria

–Have they been validated to MIQE standards?

•Use pre-designed assays from a vendor

–Unknown design criteria (for most)

–In-silico validation vs. wet-lab validation

• Not all assays are created equally!

- Bio-Rad’s PrimePCR assays/plate arrays

-www.Bio-Rad.com/PrimePCR
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PrimePCR Assays

www.bio-rad.com/PrimePCR

Available Species

Human

Mouse

Rat

Chicken

Arabidopsis

Pig

Rabbit

Rhesus Monkey

Yeast

Zebrafish

Cow

Dog

Rice

Also: Human lncRNA assays!
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PrimePCR Pathway & 
Collection Panels
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Additional tips: 
Experimental Design

• Technical vs. Biological replication

– Reviewers typically like technical triplicates

– Smaller fold changes require a higher n of samples

• Multiple reference genes can stabilize basal gene 

expression

– Critical if you measure small fold changes

56



Additional tips: 
Experimental Design

• Volumes matter!

– St Dev goes up as volume of reaction goes down

– Avoid pipetting small volumes (1-2 ul)

– Better to add more of a diluted template

• Errors increase with each pipetting step

• Make up a master mix of everything minus template

– Usually total samples +10% - always need overage

– Minimize error, lower total pipetting steps
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Additional tips: Essential 
Controls

• Non-template control (NTC)

– Add water in lieu of template

– Any signal before cycle 38 should be checked

– Either due to primer dimers or contamination

– Best to have one NTC well per assay (primer set)

• No reverse transcription (NRT)

– Checks for DNA carry over in your RNA purification

– Add equivalent amount of non-converted RNA as you did 

cDNA

– ΔCq to cDNA should be above ~4 cycles

– More important on a per sample/prep basis
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Additional tips: Essential 
Controls

• Negative control (Neg)

– Add template from another species/system/knock-out that 

does not contain your sequence of interest

– Differs from NTC – checks for specificity

– Essential to catch off target effects early

• Positive control (Pos)

– Add your template of interest

– Look for a signal <Cq=30

– Used primarily in troubleshooting inhibitory samples
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Experiment design

Sample maximization method

Actb GAPDH

P53 EGFR

Good DATA
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Experiment design

BAD DATA

Without inter-run calibration!

Someone did lay-out like this…
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Gene maximization method

IRC

IRCIRC

IRC

IRCGood DATA

Inter-run Calibrator
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A new standard for qPCR

The MIQE guidelines… “target the reliability of results to help ensure the integrity

of the scientific literature, promote consistency between laboratories, and 

increase experimental transparency.”

>4000 Citations
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What is MIQE: 
It’s a Checklist
• qPCR community driven 

guidelines for essential and 

desired information in literature;

– Experimental Design

– Sample Information

– Nucleic Acid Extraction

– Reverse Transcription

– qPCR Target Information

– qPCR Oligonucleotides

– qPCR Protocol

– qPCR Validation

– Data Analysis
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Temperature Gradient

•MIQE guideline

–Evidence of optimization
dynamic thermal gradient

Test 12 sets of primer
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Features & Flexibility

P
ric

e
Bio-Rad’s CFX series 
Real-time PCR Family

• Premium

• 96-well

• Fast block

• 5 targets

• Stand-alone run

• Premium

• 384-well

• 4 targets

• Stand-alone

• High throughput

• Stand-alone run

CFX384 Touch

CFX96 Touch

CFX Connect
• Mid-price

• 96-well

• Fast block

• 2 targets



CFX Connect™

 3 filtered LEDS

 3 filtered photodiodes

 2 targets multiplex

 Temperature Gradient

 High resolution melt

 96 well  1-50μL

 Max ramp rate 5℃/s







•Accuracy:  +/- 0.2oC

•Uniformity:  +/- 0.4oC within10 seconds

Accuracy

900C

Programmed temperature

= Actual well temperature

900C

900C

900C

900C

900C

900C

900C

900C
900C

Uniformity

All wells in block are 

same temperature

Patented Block Design
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Performance                                   
Thermal Cycler Gradient

• Annealing temp is critical for reaction specificity and efficiency

• Save time and reagents optimizing annealing temp in one run

• Program up to a 24°C gradient, back-to-front (back row is hotter)

• 30-100°C range

• “Dynamic Ramping” – Wells hit set temperature point together, 

and then maintain the same dwell to eliminate time as a reaction variable

Color traces of temperatures from different 

columns on C1000 with 96Fast reaction block
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Rev 1

Rev 2For 2

For 1

5o below 

design

10o above 

design

3’5’

Assay optimization

For 2

Rev 2

For 1

Rev 1

{

Max range: 24oC
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Gradient analysis
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Optimal Annealing Range
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Overcome non-specific 
amplification
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Overcome non-specific 
amplification
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Overcome non-specific 
amplification
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Gradient Optimization of 
Annealing Temperature

• Serial dilutions run at 8 

temps, ranging from 55oC 

to 68oC

• Reactions at 62oC 

annealing have low Cts 

and highest reaction 

efficiency

67oC

62oC

56oC

Efficiency = 98%

Efficiency = 99%

Efficiency = 68%
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Use of Synthetic 
Templates

Synthetic templates allow for
• Sample independent validation of assay performance 

• Comparison across plates (inter-run calibrators)

• Compare across labs
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RNA quality

• RNA quality analysis methodology

– Analysis A260/A280 ratio and rRNA bands on agarose gel.

– Automated microfluidic capillary electrophoresis system.

– 3`:5` assay

– SPUD assay (absence of PCR inhibitors)

– NRT PCR assay (absence of DNA contamination)

• Analyze RNA quantity and quality

• UV absorbance 

– A260/A280=2.0,

– A260: 0.15~1

– A260/A230=2.5

– Gel electrophoresis analysis 
28S rRNA，18S rRNA

28S:18S≈2:1
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RNA quality

SPUD: detection presence of inhibitors

Nolan et al., Anal Biochem, 2006
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RNA Quality Assay – Two assays (RQ1 and RQ2) that target the same transcript, 

but at two different locations. A significantly higher presence of the shorter transcript 

(RQ1) indicates the RNA is degraded. A difference in Cq less than 3 between the two 

assays indicates acceptable RNA quality.  

RQ1 RQ2

RQ1 Assay 

(short transcript)

RQ2 Assay

(long transcript)

= ΔCq ≤ 3 = ΔCq > 3

RNA degradation will not 

negatively affect results!

RNA is degraded and could be 

negatively affecting results – most 

likely need to redo sample extraction

RNA Quality 
Control Assay
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86Bio-Rad RT Kit 



87All Bio-Rad’s iScript Kit





qPCR Supermix







Industry-leading CFX 
Manager Software

 User-friendly

Data Collecting 
and Analysis

 Concise Interface
 Rigorous algorithm

Powerful 

Function modules

 Effective 
Wizard

Reduce Anxiety!



CFX Manager software

•Absolute quantification

•Relative quantification (Gene expression analysis)

•Melt curve analysis

•Genotyping

•QC

•Run information

•Qualification Plate Run



CFX Manager software

 Sample group

 PCR efficiency correction

 Normalization with multiple reference genes 

 Gene Study (combination of multiple plates)

 Screening best reference genes by M value

 Inter-run-calibration

 Comply with MIQE guideline

— RDML export RDML 

 Visualize your data

— Bar chart

— Cluster gram

— Scatter plot

— Volcano plot

— Heat Map

— Results table



Pre-assay Test primers of both target gene(s) and reference gene(s)

PassFail

Standard curves

For each gene involved respectively

Efficiency=100±10%,R2>0.

989

Samples test

Data analysis

Result

Temperature Gradient,

Reaction components 

optimization

Inter-run calibrators

Redesign primer(s)

Correct analysis model

Optimized reaction 

conditions



96Challenge of q-PCR
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PCR reaction that is partitioned.

What about an new method
- Digital PCR

Many thousands 

of discrete measurements



dPCR Principle

 End point (0’s or 1’s)

 Less sensitive to PCR efficiency

 No standard curve

 More tolerant to PCR inhibitors

ddPCR improves precision, sensitivity and  reproducibility



Workflow of Droplet Digital PCR

 Readout: copies/µl

 Dynamic range: 1–100,000 copies/well 

(~330 ng human genomic DNA)

1. Make Droplets 2. Cycle Droplets 3. Read Droplets

Droplet Generator Bulk PCR 

Thermal Cycler

Droplet Reader

“X” target 

copies

Results
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ddPCR assays are more easy 
to design and validate

C

FAM

T

HEX

Wild-type ProbeMutant Probe

G/A

Target DNA

Non-specific cross reaction

qPCR ddPCR

More Tolerance to:

1.Non-specific binding

2.Primer dimer

3.PCR inhibitor 
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• Primer dimers can be visualized with EvaGreen chemistry

• Primer dimer frequency increases at lower annealing temperature 

and are visible in NTCs

Temperature Gradient: 
EvaGreen

Sample TemplateNTC

Annealing

Temperature

Primer Dimer

More Tolerance to:

1.Non-specific binding

2.Primer dimer

3.PCR inhibitor 

101



102

Applications

Mutation Detection

Virus Detection

Gene Expression

mRNA, small RNA, lncRNA

NGS Cross Validation

Copy Number Variation

Stem Cell Analysis

•102



Q&A

E-mail: charlene_lu@bio-rad.com

Phone: 0987-792-623


