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Introduction



Real-Time PCR chemistries

SYBR  Green dye

Fluorescent labelled probes

TaqMan® probes

Binds double-

stranded DNA



Taqman probe :

Reporter Dyes:

FAM , VICTM, NED

Quencher:

TAMRA /NFQ…

Forward Primer
(Tm = 60°C)

TaqMan Probe 
(Tm = 68-70°C)

3’

5’3’

5’

R Q

5’

5’

• This method uses 2 principles: 

- FRET Technology

- 5’- nuclease activity of the Taq polymerase
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• Displacement of probe by polymerase: fork-like structure signal for cleavage

5’
3’

5’
5’
3’

5’

R Q

Taqman probe :



• Displacement of probe by polymerase: fork-like structure signal for cleavage

5’
3’

5’
5’
3’

5’

R
Q

Taqman probe :



• Polymerization completed

• Signal generation

• Strongly proportional to product number

• One reporter signal for each new DNA copy 

Q

3’

5’3’

5’
5’

5’

R

Taqman probe :



Benefits of Using TaqMan Assays

→ Universal run conditions (either fast or standard)

→ 100% efficient – no need to check efficiency

→ Specific (does not detect off-targets or gDNA)

→ Multiplexing: analyze more than one target in one reaction

Q

R

Q

Target 1 (e.g. FAM)

Target 2 (e.g. VIC)

R

R
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Suffix “-plex”

• The suffix “-plex” is used to categorize real-time PCR experiments based on the number of 

assays per well.

▪ Singleplex:  One gene target

detected per well.

▪ Multiplex:  More than one

gene target detected per

well.
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Which reporter dyes to choose?

FAM 530 nm

VIC 554 nm

JOE 554 nm

NED 576 nm

TAMRA, Cy3®, ABY 582 nm

ROX , Texas Red, JUN 610 nm

Cy5 ®, Mustang Purple 650 nm



Which quenchers to choose?

R TAMRA

R

R QSY

MGB

NFQ

FAM,VIC,TET 

FAM, VIC, 

TET, NED

TAMRA:  (1994 - )

    Fluorescent probe

MGB-NFQ:  (1999 - )

     Non fluorescent probe which 

allows for shorter probe design

QSY® quencher (2009 - )

     QSY is a new non-fluorescent 

quencher that can be used for 

designing Custom TaqMan probes. 

QSY custom probes can be 

substituted for 3’ TAMRA probes 

without redesigning the probe 

sequence. 

FAM, VIC, 

ABY, JUN



Signal generation with SYBR Green
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SYBR Green fluoresces upon binding to minor groove of dsDNA product

Fluorescent signal is proportional to the amount of amplified DNA 
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Challenges in the SYBR Green 
workflow



What could be the main challenge of SYBR Green?
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SYBR Green binds non-specifically to any double stranded DNA

Signal could originate from non-specific products

Inaccurate results



Challenge: non-specific PCR products result in confounding SYBR Green signal.

Melt curve must be generated to exclude the existence of non-specific PCR products.

Keep in mind:

The acquisition of a melt curve adds extra time to your run protocol

What could be the main challenge of SYBR Green?



• Primer-dimer formation is a common source of non-specific signal

No template control

What could be the main challenge of SYBR Green?



• Primer-dimer formation

• Non-specific amplification

• Incorrect target in transcriptome.

• Primers bind to correct sequence but detect both gDNA and cDNA (where gDNA has higher Tm, due to a 

short intron).

• Important: design and optimalization of primers (bio informatics)

cDNA
EXON 1 EXON 2

gDNA
EXON 1 EXON 2

INTRON

Expected peak

2nd peak at higher Tm

What could be the main challenge of SYBR Green?
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Design a high quality SYBR 
Green assay



✓ Step 1 : Bioinformatics: 

Design specific primers for your target

✓ Step 2 : Assay validation:

✓ Step 3 : Test the efficiency of your primers -- Achieve high 

reproducibility, fold discrimination and determine sensitivity 

over different sample types

✓ Step 4 : Normalization steps:

✓ Apply in your workflow and avoid contamination

Requirements for a high quality SYBR Green experiment



Step 1 : Bioinformatics – Primer Design
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✓ Qualify a sequence 

✓ Select a max ~200 bp sequence

✓ Try to be smart in choosing: splicing, Exon-Exon boundary(ensemble.org)

✓ Mask the SNP’s in the sequence (bioinfo.ebc.ee/snpmasker/)

✓ Primer design

✓ Design multiple assays using a primer design software (free or paid)

✓ Check specificity on species BLAST all multiple options for design (blast.ncbi.nlm.nih.gov/)

✓ Order your primers as sequence detection primers at Thermo Fisher Scientific

Good sequence quality is the key for a good assay design!



Design recommendations are identical for primers used in TaqMan® probe or SYBR® Green 

I dye based assays

✓ Tm: 58 – 60 °C

✓ ΔTm maximally 2 °C to avoid unspecific initiation

Primer design



✓ Avoid runs of an identical nucleotide (especially G’s)

✓ The five nucleotides at the 3´ end should have no more than

• two G and/or C bases

Primer design



Design Parameters in Primer Express Software 3.0.1

more on this later...



Design Parameters in Primer Express Software 3.0.1
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Step 2 : Primer validation :

Different primer concentrations need to be tested to identify the best combinations: 

high efficiency but no primer-dimer formation.

300 nM 550 nM 800 nM

Forward primer

R
e
v
e
rs

e
 p

ri
m

e
r

Taq Talk Video - How to optimize qPCR using SYBR Green assays 

Choose the

combination that

✓ doesn‘t show

primer-dimer 

formation in the

negative control..

✓ results in the

lowest Ct value for

the samples.

550 nM

https://www.thermofisher.com/de/de/home/life-science/pcr/real-time-pcr/real-time-pcr-learning-center/real-time-pcr-basics/taq-talk-video-series.html?playlistVideoId=6298815299001
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Step 3 : Assay efficiency 

107 106 105 104 103 102 101 100

Dilution factor needs to be known
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C
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107

Quantity

100



Rn =
Reporter signal 

ROX signal

Replicate 2

FAM dye

Replicate 1

FAM dye

ROX dye

ROX dye
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After normalization

Replicate 1 Replicate 2

Before normalization

F
lu
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s
c
e
n

c
e

What is a passive reference ?  
ROX normalization example

Step 4 : Normalization strategies



• Endogenous normalizers are genes naturally present in each sample and have a constant 

expression level in all samples used in that study.

• Endogenous normalizers are commonly used for samples derived from cells or cellular tissues.

• The EC normalizes for RNA input measurements errors and RT efficiency variations

Endogenous controls

Universal endogenous controls don't exist, they 

need to be evaluated for each study
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• Endogenous control (EC) for gene expression 

Uses controls

TaqMan Endogenous Controls | Thermo Fisher Scientific - FR

https://www.thermofisher.com/fr/fr/home/life-science/pcr/real-time-pcr/real-time-pcr-assays/taqman-gene-expression/single-tube-taqman-gene-expression-analysis/taqman-endogenous-controls.html#tool


Uses controls

• TaqMan Array Endogenous Controls Plates 96-well (Human, rat and mouse)

TaqMan  Array Human Endogenous Controls Plate, Fast 96-well (thermofisher.com)

https://www.thermofisher.com/order/catalog/product/4426700?SID=srch-srp-4426700


Relative quantification analysis module : Select 

candidate or try other candidates if you don‘t not get 

acceptable results

Uses controls

• How to validate a EC ? 
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Summary & Conclusion



Summary & Conclusion
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• A good SYBR Green workflow requires your attention:

• Design and optimization of your assays

• Determine the efficiency and analysis method

• Normalization strategies

• Melt curve analysis

• We can provide you with the support needed to create your assay

• We offer the tools and products you need in the different steps of the workflow

• Be aware of any challenges you can find in the design and workflow

We care about your SYBR Green experiments and can help you 

along the way



PowerTrack  SYBR  Green Master Mix Overview

Ease of use and Flexibility at a Competitive 
Price

For SYBR Green gene expression, performance 

seekers looking for broad dynamic range and 

minimize pipetting errors, PowerTrack SYBR 

Green Master Mix offers 

•     TRACKING dye to reduce pipetting errors  

•      BROAD primer Tm and concentration allows

       flexibility and minimal optimization    

•      SUPERIOR specificity & sensitivity

•   TIGHT reproducibility

•   UNIVERSAL instrument compatibility 

Reproducibility -- Specificity -- Sensitivity --  Compatibility -- Price



Exclusive offer for SYBR Green workflow

Leave your contact details with us and receive exclusive benefits till summer of 2024

• PowerTrack SYBR Green 

Master Mix

• Free sample program

• Discounted prices within the 

LUMC

• Sequence detection primers 

• 68% discount till 31st of May 

2024

• Same price independent from 

number of base pairs 

• Primer Express license 

• 50% off till 29th of March  

2024 (€816,-)

• 1 license to use on more than 

99+ devices
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Q&A
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