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What is Polymerase Chain Reaction？

A common laboratory technique which is used to

“amplify” - copy - small segments of DNA (In Vitro) via

DNA polymerase and a pair of specific primers .
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ü DNA template ：A segment of DNA which can be used as a

model for duplication.

ü Primer： Two primers (forward& reverse primer) are used in

each PCR reaction, and they are designed so that they flank the

target region (region that should be copied).

ü DNA polymerase： Synthesizes - builds - two new strands of

DNA, using the original strands as templates.
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ü Deoxynucleotide triphosphate (dNTP)： There are four types of dNTP

「dATP、dGTP、dCTP、dTTP」 in PCR is to expand the growing DNA

strand with the help of DNA polymerase. 。

ü Magnesium chloride (MgCl2) ： Magnesium ion (Mg2+ ) functions as a

cofactor for activity of DNA polymerases by enabling incorporation of

dNTPs during polymerization.

ü Buffer ： Provides a suitable chemical environment for activity of DNA

polymerase. The buffer pH is usually between 8.0 and 9.5 (KCl) and is often

stabilized by Tris-HCl, which promotes primer annealing.
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1. Real-Time PCR : divide into two parts : 「Real-time」and 「PCR」

2. Real-Time PCR : It is also known as 「quantitative PCR」

3. Abbreviation : 「Real Time RT-PCR」 or 「qPCR」

4. Method : Add 「fluorescent DNA biding dye」 or 「probe」 for detection

during DNA amplification（PCR）

5. Advantage : qPCR is sensitive, specific detection (via fluorescence) and

quantification of nucleic acid targets during PCR cycle (so-called Real time) .
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ü Threshold line (background or baseline) : At the start of the run, when the amount of PCR product is low, this

produces very little fluorescence.

ü Exponential phase : Once the amount of PCR product is amplified enough, it will enter the exponential phase. This

is when the amount of PCR product doubles for every PCR cycle. 「 CT」can be used and be defined as quantitative

marker during this phase.

ü Non-exponential Plateau phase : Once all of the reagents, such as nucleotides, have been used up in the PCR

reaction, the amplification will slow and ultimately plateau. This is the region where no more PCR products cannot

be produced.



Baseline Log phase Plateau

• Threshold
CT value

ü Threshold： Basic reaction line of background which is derived from fluorescent reagents.

ü CT (cycle threshold) / Cq（cycle quantification） is defined as the number of cycles

required for the fluorescent signal to cross the threshold (i.e. exceeds background level).
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CT value are inversely proportional to the amount of target nucleic acid

High 
concentration

Low 
concentration
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DNA binding dye – SYBR Green I

SYBR Green I is a dsDNA binding dye, which can be used to

quantify amplicon amount during the course of the PCR by tracking

overall fluorescence emission.
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DNA binding dye – SYBR Green I
qPCR
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How to confirm the 「specificity」 of PCR products when performing SYBR Green qPCR experiments?

1. Method: Use the characteristics of DNA Tm value to ensure.

2. Analytical method ：

� Melt Curve（ The upper left ）

� Melt Peak（ The upper right ）



Tm

Double Stranded 
DNA

Single Stranded

ØMelting temperature (Tm)

� The temperature at which one half of the DNA duplex will dissociate to

become single stranded and indicates the duplex stability.。

� Depends on nucleotide content ( GC ratio) and length

Melting Curve - Tm value
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Melting Peak– Tm value
qPCR
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ØMelting temperature (Tm)

� The temperature at which one half of the DNA duplex will dissociate to

become single stranded and indicates the duplex stability.。

� Depends on nucleotide content ( GC ratio) and length



Melting Peak– Tm value
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Hydrolysis  probe– TaqMan probe
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� Structure : Labeled with a fluorescent reporter at the 5' end and a quencher at the 3' end.

� Enzyme : The dsDNA-specific 5' → 3' exonuclease activity of Taq

� Principle : The reporter is separated from the quencher, resulting in a fluorescence signal that is 

proportional to the amount of amplified product in the sample.

� Advantages : High specificity and the ability to perform multiplex reactions.
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Binding dye v.s.  Probe

Ø SYBR Green I Dye

� Singleplex

� Non-specific

� Binding site：dsDNA

� Sensitivity： Middle (10 - 100 copies)

� Notice：Avoid Primer-dimer formation

� Cost: Inexpensive

Ø TaqMan Probe

� Multiplex

� Highly Specific

� Binding site ：probe-specific region

� Sensitivity ：High（1-10 copies）

� Notice： Specific fluorescent probe is 
necessary.（Must be less than 30 bp）

� Cost: Expensive
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• Linear standard curve：Coefficient of Correlation, R2 > 0.980

• PCR Efficiency： > 90 - 110%

• Equation ：

� Amplification efficiency, E = 10 -1/slope

� ％ Efficiency = (E - 1) x 100%

• When  E < 90% ： Might be interfered by  PCR inhibitors in your 

sample or solution. 

• When E > 110% ： Might be influenced by pipetting error or primer-

dimer.

Standard Curve
Essential

Absolute Qu.

Relative Qu.

MIQE

Application

Notice
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ü「Absolute quantification 」is performed by constructing a standard curve for 
each gene of the genes of interest (GOI) .

üPlotting the quantification cycle (Cq) values against log[quantity] of a dilution 
series of known GOI amount. （Interpolation）

üAccording to the different standard products, it is usually expressed in the form 
of common units as follows:
� Concentration unit ： ng/ml、μg/ml 
� Measurement unit： ng、pg、copy number

üNote for absolute quantification ： The slope of the standard curve and the 
correlation coefficient (R2 )
� Slope：「3.0 ~ -3.6」， (Correspond to PCR efficiency from 90%~110%)
� Correlation coefficient ： 「R2 > 0.980」
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y = mx + b

1

2 3



ØDDCT (Livak)

Reference Target

21

Tissue #2 (Test)     :

Tissue #1 (Control):

20

22

24

D CT #2:

D CT #1: 22-21 = 1

24-20 = 4
1st Delta

D D CT : 1-4 = -32nd Delta

Fold induction = 2-DDCt = 2-(-3) = 8
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Gene Expression

� Drug reaction

� Tumor marker

� Gene regulation（siRNA/miRNA）

� Gene therapy

� Microarray

� GMO detection

Pathogen detection

� Multiplex detection

� Multiple specimen detection

� Synchronous analysis：Qualitative / 
Quantitative

� Drug Safety and Effectiveness 
Monitoring

SNP Genotyping Analysis

� Evaluate the  identified position of  SNP 

� Use for drug design

� Genetic disease detection
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MIQE guideline

1

1

2 3 4

資料來源 : https://ntuhmc.ntuh.gov.tw/epaper-25th.htm



MIQE guideline
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ㄏ

ㄏ

ㄏ

ㄏ

ㄏ

★Red：From 「sample」

★Green： From 「reagent / solution」

Common「PCR inhibitor」
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Amplicon

1. Recommended length ：75 - 200bp

2. Regional structure ： Should be free of strong secondary structures .

3. Repeats：Prevent quadruple repeats of G or C appear in designed region.

4. CG %：40 - 60%
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Primer design

1. Recommended length：18 - 25bp

2. Regional structure ： Should be free of strong secondary structures and self-

complementarity 「Primer-dimer」

3. Repeats：Prevent triple repeats of G or C appear in designed region.

4. CG %：40 - 60%

5. Tm value：50 - 65℃ ，Formula：Tm = 4℃ ( G + C )+ 2℃ ( A + T )

Taq DNA polymerase

DNA
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(q)PCR - 產線⽀援

PCR
CFX Manager Software

Real-Time PCR (qPCR)

Automation options

(q)PCR consumables

(q)PCR Reagents
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System Overview - Front View

Appearance 

Device Boot

Consumables

Optics

Software
Touch screen display

Reaction block

Retractable lid

LED status bar

Air intake vents

USB port



System Overview - Back View

Power switch

Fuses

Cooling vents

Power input

USB Type A ports

USB Type B port

Ethernet port
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Software



Touch Screen Overview - Open lid

Instrument 
details

Connectivity

Primary activity 
menu

Log in / out

Open/close lid

Appearance 

Device Boot

Consumables

Optics

Software



Creating a Protocol
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Changing Target Gradient and Ramp Rate
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Changing Target Gradient and Ramp Rate
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Adding or Removing a Temperature Gradient
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Run Setup
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Run Setup - Start Run



Appearance 

Device Boot

Consumables

Optics

Software

Touch Screen Overview - Proceeding



Appearance 

Device Boot

Consumables

Optics

Software

Touch Screen Overview - File

Instrument 
details

Connectivity

Primary activity 
menu

Log in / out

Open/close lid



The File Browser Screen

Directories

Sub-directory location Create Folder 

File options
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Extracting and Editing a Protocol from a Run
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Consumables - Specification

Low – Profile Only !!
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Notice for usage 

Appearance 

Device Boot

Consumables

Optics

Software



Connection with Opus 96 - Overview 

Start Run !
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Operation setting - Overview 
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Optical design for detection
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Optical design for detection

Vertical light path ： 「Rox dye」calibration is 
unnecessary

Fluorescence : 「high strength / specificity 」

Light source : LEDs with long lifespan, allowing 
you to use them right away

Competitor

Appearance 

Device Boot

Consumables

Optics

Software



Optical application - Dye / Wave band 
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Mass-reduced sample block

Max ramp rate 5oC / sec

Temp Accuracy ± 0.2oC

Temp Uniformity ± 0.3oC 

Uniformity

Accurate temperature control

Supreme「 uniformity 」in any position

Uniform / Rapid heating

Blocks

Gradient

Application



Peltier Thermal System

Gradient temperature setting：「1 - 24°C 」Graphical interface : friendly 
operation and setting

Blocks

Gradient

Application

Same starting point / Reaction is accurate



Blocks

Gradient

Application Optimization of an assay results in better yields

and specificity. Results show that assays A and B

can be run at an annealing temperature of 57.9°C

on the same plate. Higher temperatures result in a

reduced yield in assay A while lower temperatures

result in nonspecific products in assay B. M,

markers.




