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Real-Time PCR chemistries

SYBR™ Green dye TagMan® probes

Binds double- Fluorescent labelled probes
stranded DNA



Tagman probe :

This method uses 2 principles:
- FRET Technology
- 9’- nuclease activity of the Taq polymerase

Reporter Dyes: Quencher:
FAM™ VIC™, TAMRA™INFQ...

Forward Primer

(Tm = 60°C)

5 N\ /
I

TagMan Probe
(Tm = 68-70°C)




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

« Polymerization completed

« Signal generation
* Strongly proportional to product number
* One reporter signal for each new DNA copy
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Benefits of Using TagMan 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

Target 1 (e.g. FAM)

QT

Target 2 (e.g. VIC)

QT
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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.

1 2 3

= Singleplex: One gene target
detected per well.

Sample 1 Sample 1 Sample 1

= Multiplex: More than one Sample 2 | Sample2 | Sample 2
gene target detected per G
well.

11
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Which reporter dyes to choose?

FAM 530 nm
VIC 954 nm
JOE™ 554 nm
NED 576 nm
TAMRA, Cy3® ABY™ 582 nm

ROX™, Texas Red, JUN™ 610 nm
Cy5@®, Mustang Purple™ 650 nm

Filters
Wavelength
(nmy

Emission
Spectra

FAM™ dye VIC® dye ABY® dye JUN® dye  Mustang Purple® dye
SYBR® Green dye TAMRA™ dye ROX™ dye Cy®5 dye
Cy®3 dye Texas Red® dye
NED™ dye
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Which quenchers to choose?
Fluorescent probe

FAM,VIC, TET

MGB-NFQ: (1999 -)
Non fluorescent probe which
allows for shorter probe design

FAM, VIC,
TET, NED

QSY® quencher (2009 -)
QSY is a new non-fluorescent
quencher that can be used for
@ designing Custom TagMan probes.
QSY custom probes can be
e v substituted for 3’ TAMRA probes
without redesigning the probe
sequence.
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Signal generation with SYBR Green
/ Denaturation o) o) \

v
Annealing > © <F
v
. AR
Extension ©O g
v
1Ay by ()1
1) L0y ()1

SYBR Green fluoresces upon binding to minor groove of dsDNA product

U

Fluorescent signal is proportional to the amount of amplified DNA
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Challenges in the SYBR Green |
workflow L
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What could be the main challenge of SYBR Green?

SYBR Green binds non-specifically to any double stranded DNA

4

Signal could originate from non-specific products

4

Inaccurate results
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What could be the main challenge of SYBR Green?
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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.

Normalized Reporter

Derivative Reporter

60

T
65

T
70

T
75

Temperature (°C)

T T
80 85 920

Temperature (°C)

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

Derivative Reporter

Temperature (°C)




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).

__>? cDNA —— Expected peak
EXONl__> ——— gDNA —— 2nd peak at higher Tm

Important: design and optimalization of primers (bio informatics)
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Design a high quality SYBR |
Green assay L
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Requirements for a high quality SYBR Green experiment

v' Step 1: Bioinformatics:

Design specific primers for your target

v' Step 2 : Assay validation:

v Step 3 : Test the efficiency of your primers -- Achieve high
reproducibility, fold discrimination and determine sensitivity

over different sample types

v' Step 4 : Normalization steps:

v Apply in your workflow and avoid contamination

| appliedblosystems |

Design and optimization
of SYBR Green assays

For gPCR measurement of relative gene
expression displayed across two lines

How to test for AT bias

Siag: 1. Farvarin- s
2500 M, W cEPA
o 2o it of @ knowr b b b Ehoricut

126 g A W COMA T Tigen™ EuperSoript ™ VLD Mestar Wi [Cat. Mo, 11755050
frum 0. 2

250 g FA e cOA chymamic fenge in the indusiry. Thare s no nased o fest for RT bies
h

500 g A e SOMA
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Step 1 : Bioinformatics — Primer Design

v" Qualify a sequence
v Select a max ~200 bp sequence

v Try to be smart in choosing: splicing, Exon-Exon boundary(ensemble.org)
v Mask the SNP’s in the sequence (bioinfo.ebc.ee/snpmasker/)

v" Primer design
v Design multiple assays using a primer design software (free or paid)
v Check specificity on species BLAST all multiple options for design (blast.ncbi.nlm.nih.gov/)
v Order your primers as sequence detection primers at Thermo Fisher Scientific

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

Design recommendations are identical for primers used in TagManeprobe or SYBRe Green
| dye based assays

v. Tm: 58 — 60 °C

v" ATm maximally 2 °C to avoid unspecific initiation
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Primer design

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

24 mer

Tm = 59.5°C A L B e s [ LG e e e
20mer

Tm = 59.7°C AATACGATGGGGCGTGATCA

 two G and/or C bases

20mer

Tm = 59.5°C ATCGTGGATATGGCGTGCTC
3 rule =

20mer
Tm = 59.5°C TCGTGGATATGGCGTGATCA
. . , 3 rule =
v" The five nucleotides at the 3" end should have no more than
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Design Parameters in Primer Express Software 3.0.1

[ Primer Express 3.0.1 - ®
Fle Edit View Tools Window Help

DOH = G S rBEH >0 NS Ho|

Sequence } Paramelers; Primers / Frobes  Order

Farameter Value

Min Pimer Tm 58

Max Frimer Tm &0 |
Wax Diference in Tm of Two Pimers 2

Min Primer %GC Content 30

Max Frimer %GC Centent 20

Wax Primer 3 GCs 2

Frimer 3 End Lengih 5

Primer 3 GC Clamp Residuss o

Min Primer Lengih g

Wax Frimer Length Ei)

Cptimal Primer Langth 20

Max Primer G Repeats

Max Num Ambig Residues in Primer
Max Primer Consec Base Pair
Max Primer Total Base Pair
Max % Match in Primer
Max Consec Match in Primer

Max 3 Consec Match in Primer
Min Probe Tm

68

Wax Frobe Tm 7
=

Min Prabe %GC Content 20

M Probs %GC Cantent £

Min Probe Length 3

Wax Probe Lengin F3
=

Max Probe G Repeats 2

Max Num Ambig Residues in Probe o

No Gt 5 Endin Probe

Select Probe with more Cs than Gs O

Max Probe Consec Base Pair

Max Probe Total Base Pair

Min Amplfied Region Tm o
Max Ampiiied Region Tm 25
Win Amplfied Region Length 50
Max Ampified Region Length 150
Max Frimers / Frobes 50

Factory Defaults

more on this later...
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Design Parameters in Primer Express Software 3.0.1

R = g
£ TeqMan® MGB Quantification #2 oo &S Primer Probe Test Tool X
Sequence  Parameters | Pimers / Probes Order e
R Document Type: | TaqMan® MGE Quantficat P - [Defaut =
# [FwdSat | Fwdlengh | FwdTm | Fwd%GC | RevStat |Reviengh | Revim | RevuGC | Prove Stan e EEER el - Bl Unan Y [
~Primers and Probes
. T |[%GC | {nghh |
Fwd Primer PCTCGGATCTCGATGCCTTAACT 593 {40— 23
e —— \Tm |[%GC | LLength |
2 S - = Rev Primer |GGATATTGGGTAATTOCTCTCTAGAGATTATAGC Py b |
+| - Secondary Structure ‘Tm |/%GC | LLength |
: Probe 1  CTATCGCGTATAGGTAATAT P
Oligo Length Hampin  Sef Dimers Cross Dimers . | i ‘
® Forward Primer 24 |  Most Stable Structure Found Bkas [Tm |[%GC | LLength |
i 1 I {
() Reverse Primer 24 GAAGGAGTTGCGTCT S°* 00 lo ’o
O Probe 16 r Toen
FowedPrmer 1|
TCTGCGTTGAGGAAGATATICTGT [SACcNNEY SUTENEE
| Reverse Primer Oligo Length
TCAATAGCCATG TGACCAGTGACT , :
Probe (® Forward Primer 23
TGGGCTATCCAATAAG O Reverse Primer 34
O Probe 1 20
50 reeus foind. Probe 2 0
Show Secondary Structure

Forward primer:

Reverse primer:
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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.

Forward primer

300 nM | 550 nM | 800 nM

/Choose the \

combination that

300 nM

v' doesn‘t show
primer-dimer
formation in the
negative control..

550 nM

v" results in the
lowest Ct value for

\ the samples. /

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

Reverse primer

Derivative Reporter

800 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

L ThermoFisher
Step 3 : Assay efficiency

06 10° 104 103 102 10! 100
D|Iut|on factor needs to be known

Quéhtity
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What is a passive reference ?
ROX normalization example

Before normalization

. Replicate 1 Replicate 2
Multicomponent Plot
A 2
FAM dye
c FAM dye

2 RN ] 8
0 ROX dye — R 8
g n ROX dye )
a ) — ] E
(TR L

After normalization
4 Reporter signal

Rn= _
ROX signal

Amplification Plot

Fluorescence

Replicate 1 Replicate 2

ccccc



ThermoFisher
Endogenous controls

- 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

Universal endogenous controls don't exist, they
need to be evaluated for each study



Uses controls

« Endogenous control (EC) for gene expression

Parkinson diseasq

Parkinson disease

Sy

Disease v

il

Your search returned 103 results (in 0.95 seconds)

Currently viewing

Species

103

CITATIONS

Bioz Stars

ill
1

Dates
[ ™ | | m | [ om H v ]
[ 2v || 5Y || 1ov | [0S

scarb2

Genes -

LRRK1 NEURDD1

LMX1E
TN
Kenj
Syp
e Uchit
HMOX1
Hmox2
PLPPR1
CUSE
PARKZ
GBAP1 CBA
ACTE
ofap ENOZ
Elavi4
bbc2 ENI
Uchls

Tissues A

185 rRNA

DEH

MEUROG2

NR4AZ
Pitx3

APOCT

SNCA
Rnf11

ccLz
Rps18

PARKT

APSe  gcrsaz

cTsk SLCEAZ

Cela TEP

TNFAIP3

All Assays

Hide Charts

Sort by~

Assay ID's ;

Export [®

00000 o0oooooo

MmO0450187_m1 (PARK2)
MmO00450186_m1 (PARK2)
MmO0495900_mA (Uchi1)
Hs00188233 m1 (Uchi1)
Hs00240906_m1 (SNCA)
Hs00985157_m1 (Uchl1)
Hs00697109_m1 (PARKT)
MmO00436850_m1 (Syp)
Mm99999915_g1 (GAPDH)
Hs01103383_m1 (SNCA)

Hs00994896_g1 (PARKT)

»

31 TagMan Endogenous Controls | Thermo Fisher Scientific - FR
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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
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Uses controls

- TagMan™ Array Endogenous Controls Plates 96-well (Human, rat and mouse)

Format 32+ custom Format 32 Plus Candidate Endogenous Control Genes Set

Assay IDs Gene
Hs99999901_s1  |185 rRNA
Hs99999905_m1 |GAPDH
Hs99999909_m1 |HPRT1
Hs99999308_m1  |GUSB
Hs99999303_m1 |ACTE
Hs99999307_m1  |B2M
Hs00809297_m1 |HMBS
Hs00183533_m1  |IPO§
Hs99999906_m1  |PGKA1
Hs99999902_m1 |RPLPO
Hs99999910_m1  |TBP
Hs99999911_m1  |TFRC
Hs00824723_m1 |UBC
Hs00237047_m1  |YWHAZ
Hs99999304_m1  |PPIA
Hs00172187_m1  |POLR2A
Hs00201226_m1 |CASC3
Hs00355782_m1  |CDKM1A
Hs00153277_m1  |CDKMN1B
Hs00169255_m1  |GADD45A
Hs00206469_m1  |PUM1
Hs00197826_m1 |PSMC4
Hs00426752_m1  |EIF2B1
Hs00362795_ g1 |PESH
Hs00245445 m1  |ABLA1
Hs00152844_m1 |ELF1
Hs02596862_g1  |MT-ATPG
Hs00808519_m1  [MRPL1S
Hs00198357_m1 |POP4
Hs01102345_m1 |RPL37A
Hs00265497_m1 |RPL30
Hs00734303_g1  |RPS17

IOGmMMmMOoonm?rP

(R R T R U R T R B e e
NAS Do ;i oM da o oo ;tE Do L0~ C R WK =3

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



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

e How to validate a EC ?

Endogenous Plot - L

Relative quantification analysis module : Select Cndogeons Gort e
candidate or try other candidates if you don‘t not get
acceptable results e

// ﬁx‘\-;_ﬂ_
Endogenous - &
b .
Candidate Gontrols Targets Score= a0 ———— N /
* %
.
ACTE 2,55 N . . S
h /
GAPDH 2745 . . y
NS
GH1 3.039 o
3
o 20+
LIPC 5.201 - h_<:/‘<:

Research
Accurate normalization of real-time quantitative RT-PCR data by

geometric averaging of multiple intgrnal control genes
Jo Vandesompele, Katleen De Preter, Filip Pattyn, Bruce Poppe, o
Nadine Van Roy, Anne De Paepe and Frank Speleman

Address: Center for Medical Genetics, Ghent University Hospital 1K5, De Pintelaan 185, B-9000 Ghent, Belgium.

Correspondence: Frank Speleman. E-mail: franki.speleman@rug.ac.be

Published: 18 June 2002 Received: 20 December 2001 5

) _ Revised: 10 April 2002 N
Genome Biology 2002, 3(7)research0034.1-0034.1 | Accepted: 7 May 200; & & & N

Sample

found enline at htep:/iganomebiclogy.com/2002/3/7/research/0034

© 2002 Vandesompele et al,, licensee BioMed Central Ltd ; n g "l ‘ . l -.. ® ACTE @ GAPDH @ GH1 ® LIPC LPINA
{Print ISSMN | 465-6906; Online ISSM 1465-6914) L] J l
1 .
| T u

The electronic version of this article is the complete one and can be l
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« Agood SYBR Green workflow requires your attention:
Design and optimization of your assays
Determine the efficiency and analysis method
Normalization strategies
Melt curve analysis

We care about your SYBR Green experiments and can help you
along the way

« 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
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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



. ThermoFisher
Exclusive offer for SYBR Green workflow

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

& Applied
A‘% Bigeylﬂomc

Primer Expresse®

Software
for Real-Time PCR

Version 3.0

\
& * About Primer Exprss®
i~ - Copyright 2004. Applied Bicsystems
ights resenve

g 50 d

Scence

«  PowerTrack SYBR Green « Sequence detection primers  « Primer Express license
Master Mix . 68% discount till 315t of May . 50% off till 29th of March
- Free sample program 2024 2024 (€816,-)
- Discounted prices within the . Same price independent from . 1 license to use on more than
LUMC number of base pairs 99+ devices
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