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7.9 Multiplexing Problems
Inability to detect expression of a target in the multiplex reaction that could be de-
tected when analyzed individually. Increasing the number of genes to be analyzed in 
a single qPCR requires increasing the concentration of several of the PCR components, 
including MgCl2 and dNTPs. Using a master mix specifically designed for multiplex PCR 
is recommended.

Make sure all of the primers and probes have similar melting temperatures. The melting 
temperatures of the probes should be 6−10°C higher than those of the primers. 

Also evaluate the cross-reactivity of each assay component to ensure there is no interac-
tion between primers and probes. The OligoAnalyzer Tool is ideal for this purpose. See 
Section 8.2.2 for more information. 

For more information on setting up a multiplex assay, see Section 4.2.4.

Cq values for the targets in the multiplex reaction look different from those for the 
targets when they are analyzed separately. The Cq values should be similar whether 
a target is tested in a single reaction or a multiplex reaction. Limit the primers for the 
highest expressing targets to a 1-to-1 primer-to-probe ratio. Use double the amounts 
of dNTPs and enzyme in the master mix. The Mg2+ concentration may also need to be 
adjusted. See Section 4.2.4 for more information on setting up a multiplex assay. 

Inability to detect the target with the least expression. A more abundant target may 
amplify more efficiently than a less abundant target and compromise the entire reaction. 
This is of particular concern in later cycles when the dNTPs and Taq polymerase are limit-
ing. Limit the primers for the highest expressing targets to a 1-to-1 primer-to-probe ratio 
while increasing the primer-to-probe ratio of the other targets if necessary. Also, use a 
FAM-labeled probe for the target with the least expression. FAM is the brightest emitting 
dye and will ensure maximum sensitivity. Use double the amounts of dNTPs and enzyme 
in the master mix. See Section 4.2.4 for more information on setting up multiplex assays.  
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7.10 Other Observations

7.10.1  Rising  Baseline
Make sure the baseline is set correctly (refer to sections 6.2 and 7.2.4). If necessary, set 
the baseline manually. It is also possible that there is primer–probe interaction or the 
primers are forming primer-dimers. Make sure to run a no template control. Evaluate 
the cross reactivity of each assay component. The OligoAnalyzer Tool is ideal for this 
purpose. See Section 8.2.2 for more information.

7.10.2 Variations in Cq of Normalizer Gene
The data gathered from normalization will only be as good as the control used 
(Figure 24). Make sure that the control has been verifi ed as appropriate for your sample 
before you use it as a normalizer. The expression level of the reference gene should be 
the same across all conditions. See Section 6.4.2a for more information on normalization.

Hs PGK1 Hs SFRS9

A. Hs PGK1. B. Hs SFRS9.

Figure 24. Choosing the Most Stable Normalizer. RNA was isolated and cDNA generated from 18 wells of 
HepG2 cells transfected with control DsiRNA. Assays targeting PGK1 or SFRS9 were performed. The SFRS9 assay 
curves showed a smaller degree of variance compared to the PGK1 assay curves.
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8. RT-qPCR Additional Resources
8.1 MIQE Publications
The information in this guide is designed to follow the standards outlined in the MIQE 
Guidelines: Minimum Information for Publication of Quantitative Real-Time PCR Ex-
periments [1]. The purpose of the MIQE guidelines is to provide a minimum set of re-
quirements for conducting and analyzing RT-qPCR experiments, and to enable other 
researchers to replicate findings. It is recommended that investigators using RT-qPCR for 
their own experiments review those guidelines together with this guide, as it will aid in 
assay performance, reproducibility, and publication of experimental data.

Two updated publications, MIQE precis: Practical implementation of minimum standard 
guidelines for fluorescence-based quantitative real-time PCR experiments and Primer Se-
quence Disclosure: A Clarification of the MIQE Guidelines, provide additional guidance 
on how to implement the MIQE standards in practice, with additional information on 
sample handing, experimental conditions, normalization to reference genes, and data 
analysis [1].

8.2 IDT Resources in Print and Online

8.2.1 SciTools® PCR Assay Design Tools
IDT offers a variety of free design and analysis tools in the online SciTools suite. For RT-
qPCR designs using 5’ nuclease assays, the suite contains tools for selecting PrimeTime 
Predesigned qPCR Assays, and designing PrimeTime Custom qPCR Assays. In addition, 
the SciTools suite of analysis tools contains convenient dilution calculators, and tools for 
analyzing oligonucleotide properties. The SciTools software described in this section are 
all freely available at www.idtdna.com under the SciTools tab. There is also an excellent 
webinar (see Section 8.2.3) under the Support tab that demonstrates how to use these 
SciTools programs.
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8.2.1a Predesigned qPCR Assays Tool
The IDT Predesigned qPCR Assays tool is a dedicated design tool for the PrimeTime Pre-
designed qPCR Assays. If your target is a human, mouse, or rat sequence, this program 
off ers the highest level of bioinformatics analysis, including BLAST search to avoid cross 
reaction and off -target amplifi cation (see Section 8.3.1), and recognition of splice vari-
ants.

8.2.1b   RealTime PCR Assay Tool
The IDT RealTime PCR tool provides eff ective qPCR assay design through a user-friendly 
interface for targets other than human, mouse, and rat. The program is customizable at 
many levels, and can be used to design oligonucleotides for qPCR assays with or without 
probes. The RealTime PCR tool is the recommended tool for designing custom assays 
when you need to design around splice junctions (e.g., to direct the assay to select exon 
junctions or a particular exon found in a splice variant). This is useful if you plan to run 
qPCR assays using SYBR dye. qPCR conditions can be specifi ed within the program, as 
can primer, probe, and amplicon parameters.

8.2.1c   PrimerQuest® Design Tool
The PrimerQuest design tool is not a dedicated qPCR assay design program. However, 
it is highly customizable and useful for the design of qPCR assays with non-standard 
requirements. For example, you can use this design tool to direct the assay towards 
specifi c regions of your target, or you can specify primer or probe sequences. So if your 
design requires more demanding customization, this highly fl exible program can be of 
great use. IDT Technical Support is available to off er assistance with this program to help 
you meet your specifi c design challenges.
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8.2.2 Additional SciTools Software
In addition to assay design tools, the list of available SciTools programs includes cal-
culators and oligonucleotide analysis tools that may be helpful for setting up RT-qPCR 
experiments, especially when working with custom assays.  

The OligoAnalyzer® tool is the most heavily used of the IDT SciTools programs. The pur-
pose of the OligoAnalyzer tool is to analyze the properties of input oligonucleotide se-
quences. It provides information about secondary structures such as hairpin and primer-
dimer formation, as well as Tm, GC content, effects of modifications or buffer conditions 
on those properties, and an assortment of other useful information that can affect RT-
qPCR or other application performance.

The DilutionCalc tool is an easy-to-use calculator designed to compute the volume of 
concentrated oligonucleotide stock required in order to achieve a desired dilution vol-
ume and concentration. Similarly, the ResuspensionCalc tool calculates the volume of 
buffer or water to add to a dry or lyophilized oligonucleotide to reach a desired final 
concentration.

8.2.3 Webinars
IDT produces informational webinars to guide researchers through RT-qPCR experi-
mental design and setup. Previous webinars are archived at www.idtdna.com under the 
Support tab and can also be found on the IDT YouTube channel at www.youtube.com/
idtdnabio or IDT Vimeo channel at https://vimeo.com/idtdna.

The webinar, Technical Tips for qPCR Assay Design and Setup, focuses on 5’ nuclease assay 
design and experimental setup, and provides guidance on design parameters such as 
Tm, GC content, amplicon size, and location of primers and probe.

Another useful webinar, Using Free Online Tools for Oligonucleotide Analysis and Design, 
discusses the use of the SciTools programs described in Section 8.2.1. This webinar cov-
ers the use of the SciTools programs specific for designing PCR and RT-qPCR experi-
ments. It also discusses use of the OligoAnalyzer tool for basic oligonucleotide analysis, 
including sequence analysis for thermodynamic properties of dimers and hairpins.
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8.2.4 DECODED Newsletter
The IDT DECODED newsletter is a free resource available online. It includes easily acces-
sible articles that cover a variety of helpful scientifi c topics, including articles provid-
ing tips and information on many aspects of RT-qPCR. Access articles or subscribe at 
www.idtdna.com/DECODED.

8.3 Other Resources

8.3.1  BLAST Analysis
NCBI’s Basic Local Alignment Search Tool (BLAST) is an incredibly powerful tool that can 
be used to effi  ciently query the massive Genbank database to fi nd regions of local simi-
larity between sequences. It calculates the statistical signifi cance of matches and can 
be used to select primers and probe sequences for qPCR assays. However, due to the 
heuristic nature of BLAST and removal of low complexity data, queries for such short 
sequences often return incomplete data. See the DECODED 1.1, April 2011 newsletter 
article, Tips for Using BLAST to Locate PCR Primers, for recommendations on how to use 
this tool.

8.3.2 RT-qPCR Data Analysis
The use of dedicated software, such as the qbasePLUS software from Biogazelle (avail-
able at www.qbaseplus.com), for the analysis of your RT-qPCR data, can speed up data 
analysis, minimize errors created by manually entering data and formulas, and simplify 
reporting of data analysis methods in accordance with MIQE guidelines [1]. 

The qbasePLUS software is an RT-qPCR analysis package that meets the MIQE guidelines. 
The software allows direct import of Cq values (data tables) from qPCR instruments from 
a variety of manufacturers, and provides algorithms for removal of data errors, normal-
ization of data to one or more reference genes, and correction of inter-run variation 
using inter-run calibrators. The qbasePLUS software also off ers statistical tools for RT-qPCR 
data analysis, and tools for graphical presentation of analyzed data.

In addition to the qbasePLUS software, Biogazelle off ers a variety of other services to help 
investigators with design and implementation of RT-qPCR experiments, as well as edu-
cational materials and courses. For a complete overview of Biogazelle wet lab and data 
mining services, see www.biogazelle.com.



86

qPCR Application Guide

9. References
1. Bustin SA, Benes V, et al. (2009) The MIQE Guidelines: minimum information for publication 

of quantitative real-time PCR experiments. Clin Chem, 55(4): 611−622. Updates: Bustin SA, 
Beaulieu JF, et al. (2010) MIQE précis: Practical implementation of minimum standard guide-
lines for fluorescence-based quantitative real-time PCR experiments. BMC Mol Biol.11: 74–78, 
and Bustin SA, Benes V, et al. (2011) Primer sequence disclosure: A clarification of the MIQE 
Guidelines. Clin Chem, 57:919−921.

2. Chirgwin JM, Przybyla AE, et al. (1979) Isolation of biologically active ribonucleic acid from 
sources enriched in ribonuclease. Biochem, 18:5294-5299.

3. Heid CA, Stevens, et al. (1996) Real time quantitative PCR. Genome Res, 6(10):986−994.

4. Hindiyeh M, Levy V, et al. (2005) Evaluation of a multiplex real-time reverse transcriptase PCR 
assay for detection and differentiation of influenza viruses A and B during the 2001–2002 
influenza season in Israel. J Clin Microbiol, 43(2):589−595.

5. Thiel CT, Kraus C, et al. (2003) A new quantitative PCR multiplex assay for rapid analysis of 
chromosome 17p11.2−12 duplications and deletions leading to HMSN/HNPP. Eur J Hum 
Genet, 11(2):170−178.

6. Nazarenko I, Pires R, et al. (2002) Effect of primary and secondary structure of oligode-
oxyribonucleotides on the fluorescent properties of conjugated dyes. Nucleic Acids Res, 
30(9):2089−2195.

7. Tyagi S and Kramer FR. (1996) Molecular beacons: probes that fluoresce upon hybridization. 
Nat Biotechnol, 14(3):303−308.

8. VanGuilder HD, Vrana KE, and Freeman WM. (2008) Twenty-five years of quantitative PCR for 
gene expression analysis. Biotechniques, 44(5):619−626.

9. Marras SA, Kramer FR, and Tyagi S. (1999) Multiplex detection of single-nucleotide variations 
using molecular beacons. Genet Anal, 14(5−6):151−156.

10. Gudnason H, Dufva M, et al. (2007) Comparison of multiple DNA dyes for real-time PCR: ef-
fects of dye concentration and sequence composition on DNA amplification and melting 
temperature. Nucleic Acids Res, 35(19):e127.

11. Sang F and Ren J. (2006) Capillary electrophoresis of double-stranded DNA fragments using a 
new fluorescence intercalating dye EvaGreen. J Sep Sci, 29(9):1275−1280.

12. Zipper H, Brunner H, et al. (2004) Investigations on DNA intercalation and surface binding by 
SYBR Green I, its structure determination and methodological implications. Nucleic Acids Res, 
32(12):e103.

13. Boom R, Sol CJ, et al. (1990) Rapid and simple method for purification of nucleic acids. J Clin 
Microbiol, 28(3):495−503.

14. Fleige S and Pfaffl MW. (2006) RNA integrity and the effect on the real-time qRT-PCR perfor-
mance. Mol Aspects Med, 27(2−3):126−139.

15. Nolan T, Hands RE, and Bustin SA. (2006) Quantification of mRNA using real-time RT-PCR. Nat 
Protoc, 1(3):1559−1582. 



87

16. The International HapMap Consortium. (2007) A second generation human haplotype map 
of over 3.1 million SNPs. Nature, 449:851−861.

17. Poon K and Macgregor RB Jr. (1998) Unusual behavior exhibited by multistranded guanine-
rich DNA complexes. Biopolymers, 45(6):427−434.

18. Owczarzy R, Vallone PM, et al. (1997) Predicting sequence-dependent melting stability of 
short duplex DNA oligomers. Biopolymers, 44(3):217−239.

19. Owczarzy R, Moreira BG, et al. (2008) Predicting stability of DNA duplexes in solutions contain-
ing magnesium and monovalent cations. Biochem, 47(19):5336−5353.

20. SantaLucia J Jr and Hicks D. (2004) The thermodynamics of DNA structural motifs. Annu Rev 
Biophys Biomol Struct, 33:415−440.

21. McTigue, PM, Peterson RJ, and Kahn JD. (2004) Sequence-dependent thermodynamic param-
eters for locked nucleic acid (LNA)-DNA duplex formation. Biochemistry, 43(18):5388−5405.

22. Xia T, SantaLucia Jr J, et al. (1998) Thermodynamic parameters for an expanded nearest-
neighbor model for formation of RNA duplexes with Watson-Crick base pairs. Biochemistry, 
37(42):14719−14735.

23. Nolan T, Hands RE, et al. (2006). SPUD: a quantitative PCR assay for the detection of inhibitors 
in nucleic acid preparations. Anal Biochem, 351(2):308−310.

24. Eisenberg E and Levanon EY. (2003) Human Housekeeping genes are compact. Trends Genet, 
19:362–365.

25. Arezi B, Xing W, et al. (2003) Amplifi cation effi  ciency of thermostable DNA polymerases. Anal 
Biochem, 321(2):226−235.

26. Hellemans J, Mortier G, et al. (2007) qBase relative quantifi cation framework and software 
for management and automated analysis of real-time quantitative PCR data. Genome Biol, 
8(2):R19.

27. Willems E, Leyns L, and Vandesompele J. (2008) Standardization of real-time PCR gene expres-
sion data from independent biological replicates. Anal Biochem, 379(1):127−129.

28. Pfaffl   MW. (2006) Relative quantifi cation. In Dorak T (editor). Real-time PCR. La Jolla, CA: Inter-
national University Line. p. 63−82.

29. Huggett J, Dheda K, et al. (2005) Real-time RT-PCR normalisation; strategies and consider-
ations. Genes Immun, 6(4):279−284.

30. Vandesompele J, De Preter K, et al. (2002) Accurate normalization of real-time quantitative 
RT-PCR data by geometric averaging of multiple internal control genes. Genome Biol, 3(7):RE-
SEARCH0034.

31. Livak KJ and Schmittgen TD. (2001) Analysis of relative gene expression data using real-time 
quantitative PCR and the 2(–Delta Delta C(T)) Method. Methods, 25(4):402−408. 



88

qPCR Application Guide

10. Notice of Limited Licenses
NOTICE TO PURCHASER: LIMITED LICENSES 

IDT manufactures and sells PrimeTime® qPCR Probes for research purposes only. 

Texas Red® is a registered trademark of Molecular Probes/Life Technologies and is licensed for 
research use under patents or patent applications owned by Molecular Probes/Life Technologies.

BHQ® quenchers and products incorporating them are to be used for research & development 
purposes only and may not be used for any commercial, clinical, in vitro diagnostic or other use. 
Products incorporating these dyes are subject to the proprietary worldwide rights of Biosearch 
Technologies, Inc. and are made and sold under license from Biosearch Technologies, Inc. There 
is no implied license for commercial use with respect to the products and a license must be ob-
tained directly from Biosearch Technologies, Inc. with respect to any sale, lease, license or other 
transfer of the products or any material derived there from, the sale, lease, license or other grant of 
rights to use the Products or any material derived or produced from them, or the use of the Prod-
ucts to perform services for a fee for third parties (including fee for service or contract research). 

CyDye®, Cy®, and Cy5® dyes are registered trademarks of GE Healthcare Limited. The purchase 
of this Product includes a limited non-exclusive sublicense under U.S Patent Nos. 5 556 959 and 
5 808 044 and foreign equivalent patents and other foreign and U.S counterpart applications to 
use the amidites in the Product to perform research. NO OTHER LICENSE IS GRANTED EXPRESSLY, 
IMPLIEDLY OR BY ESTOPPEL. Use of the Product for commercial purposes is strictly prohibited with-
out written permission from Amersham Biosciences Corp. For information concerning availability 
of additional licenses to practice the patented methodologies, please contact Amersham Biosci-
ences Corp, Business Licensing Manager, Amersham Place, Little Chalfont, Bucks, HP79NA , UK. 

EvaGreen® is a registered trademark of Biotium, Inc 

DNaseAlert™, gBlocks®, TYE™, MAX™, TEX™ 613, OligoAnalyzer®, PrimerQuest®, PrimeTime®, 
SciTools®, Ultramers®, ZEN™ are trademarks of Integrated DNA Technologies. 

FAM™, HEX™, ROX™, TAMRA™ and TET™ are trademarks of Life Technologies Corporation. 

LightCycler® Dyes are a registered trademark of a member of the Roche group and are sold under 
license from Roche Molecular Diagnostics GmbH. 

Molecular Beacons are sold under license from the Public Health Research Institute only for use in 
a purchaser’s research and development activities. 

Scorpions® is a registered trademark of DxS Limited LTD 

SYBR® Green is a registered trademark of Molecular Probes, Inc 

TaqMan® is a registered trademark of Roche Molecular Systems that is licensed exclusively to  
Applied Biosystems, Inc. for use in certain non-diagnostics fields. 
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TYE™ Dyes are sold under license from Thermo Fisher Scientifi c (Milwaukee) LLC.

The trademarks mentioned herein are the property of Integrated DNA Technologies or their re-
spective owners.
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