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Primer selection guidelines utilizing VeriQuest® qPCR for 
microarray validation 
This tutorial provides examples of appropriate primer design strategies when using USB® VeriQuest qPCR master mixes to validate 
Affymetrix® microarrays. These guidelines generate optimal concordance of microarray and qPCR results when using First-Strand 
cDNA Synthesis Kit (PN 75780) followed by real-time PCR with VeriQuest Probe (PN 75650) or VeriQuest SYBR® Green 
(PN 75600) qPCR master mixes.

Note: Assays can be performed using either VeriQuest SYBR Green or Probe chemistries. SYBR assays are presented here to describe 
the most cost-effective solution. 

Example 1: Validating GeneChip® Human Transcriptome Array (HTA) 2.0 data

GeneChip HTA 2.0 is the highest resolution microarray for whole transcriptome expression profiling of all transcript isoforms. A 
key advantage of HTA 2.0 is a simple, fast, and free data analysis package consisting of Expression ConsoleTM Software and 
Transcriptome Analysis Console (TAC) Software that can be downloaded from the Affymetrix website (Affymetrix.com). 
Expression Console generated .chp files can be opened in TAC for analysis and easy interpretation of differential gene-level 
expression as well as alternative splicing between samples assayed on HTA 2.0. 

TechnicalNote

The following workflow demonstrates how to design VeriQuest qPCR assays for validating alternative splicing. HTA 2.0 data for 
Human Total RNA from liver and brain were subjected to Alternative Splicing Analysis in TAC to obtain a list of differentially expressed 
genes and alt-splicing events (liver vs. brain). To increase the confidence of the TAC analysis, a p value of 0.001 was used, which is 
more stringent than the default value of 0.05. Significant alt-splicing events were selected based on Probe Selection Region (PSR) 

http://www.affymetrix.com/catalog/131190/USB/First-Strand-cDNA-Synthesis-Kit-for-Real-Time-PCR#1_1
http://www.affymetrix.com/catalog/131190/USB/First-Strand-cDNA-Synthesis-Kit-for-Real-Time-PCR#1_1
http://www.affymetrix.com/catalog/prod300014/USB/VeriQuest-Probe-qPCR-Master-Mix-(2X)%231_1 
http://www.affymetrix.com/catalog/prod300013/USB/VeriQuest-SYBR-Green-qPCR-Master-Mix-(2X)#1_1 
http://www.affymetrix.com/catalog/prod300013/USB/VeriQuest-SYBR-Green-qPCR-Master-Mix-(2X)#1_1 
http://www.affymetrix.com/estore/browse/level_seven_software_products_only.jsp?productId=131414&categoryId=35623&productName=Affymetrix%2526%2523174%253B-Expression-Console%2526%2523153%253B-Software#1_1
http://www.affymetrix.com/estore/browse/level_seven_software_products_only.jsp?productId=prod760001&categoryId=35623&productName=Affymetrix%2526%2523174%253B-Transcriptome-Analysis-Console-(TAC)-Software#1_1
http://www.affymetrix.com/estore/
http://www.affymetrix.com/estore/browse/level_seven_software_products_only.jsp?productId=prod760001&categoryId=35623&productName=Transcriptome-Analysis-Console%20-%201_1#1_1
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Splicing Index (SI) values. In this example, the Clathrin Light Chain B (CLTB) gene, which helps regulate receptor-mediated endocy-
tosis, was selected based on its criteria of having a low Gene Fold Change = <2 or >-2 (-1.37) and a significant PSR SI value = >2 or 
<-2 (-6.11). The Junction Probe (JUC) SI values (-8.89, -5.64) provide further supporting evidence for differential splicing. 

By clicking on the row containing CLTB in TAC, all known transcript isoforms in the database are displayed. In this gene structure view, 
significant alt-splicing events are darker in color and will highlight when clicking on the respective PSR as shown below (view filtered 
to show only the accession numbers for isoforms in RefSeq). In this example, CLTB exon 8 is characterized as a Cassette Exon that is 
skipped more often in liver versus brain.

To validate the CLTB cassette exon alt-splicing event with VeriQuest qPCR, design multiple primer sets (2-4) within constitutive exons 
(exons that are expressed in both conditions or always “on”) and multiple primer sets (2-4) within the alt-spliced exon. In this exam-
ple, CLTB exons 1, 2, 6, 7, and 9 are constitutive and exon 8 is alternatively spliced. If the exon length is less than 70 bp, as for CLTB 
exon 8, design qPCR primers with one of the pair within the alt-spliced exon and the other within the flanking constitutive exon as 
shown below.  Real-time PCR data from constitutive (C) amplicons provide gene-level expression information. Data from alt-spliced 
(A) amplicons are used to calculate qPCR Splicing Indexes. This strategy enables accurate calculation of Splicing Index from VeriQuest 
qPCR data (Appendix A) for optimal array concordance. The figure below shows the CLTB gene structure view from TAC (to scale) 
and approximate positions of qPCR amplicons (not to scale) designed to validate HTA 2.0 data. 
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Designing primers for exons greater than 70 bp (optimal amplicon length 70-100 bp)
Designing qPCR primers to interrogate specific exons is simplified with TAC. By right clicking on an exon of interest (CLTB constitutive 
exon 7 below), and selecting Copy DNA Sequence (5’ to 3’), the sequence can be copied and pasted into NCBI Primer-BLAST for 
efficient design of qPCR primers for use with VeriQuest SYBR Green qPCR Master Mix.

NCBI can be opened from TAC by right clicking on the RefSeq accession number and selecting Link to NCBI:

Paste the exon sequence into NCBI Primer-BLAST, set Max PCR product size to 100, and click Get Primers:

http://www.ncbi.nlm.nih.gov/tools/primer-blast/
http://www.ncbi.nlm.nih.gov/tools/primer-blast/
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Designing primers for exons less than 70 bp (optimal amplicon length 70-100 bp)
To interrogate exons less than 70 bp, as is the case for CLTB alt-spliced exon 8 (54 bp), design qPCR primers spanning exon-exon junc-
tions by right clicking on the RefSeq accession number that contains the alt-spliced exon 8 (in this case NM_007097) and selecting 
Link to NCBI:

Click the Nucleotide link under Genomes: 

 

This will open the NCBI Reference Sequence for CLTB:
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The exon sequences can be viewed towards the bottom of the page and start/end positions determined.

By clicking Pick Primers under Analyze this sequence, qPCR primer sets can be designed using NCBI Primer-BLAST.

exon start end length 

1 1 392 392 

2 393 439 47 

6 440 557 118 

7 558 669 112 

8* 670 723 54 

9 724 1214 491 

* CLTB exon 8 alt-spliced as determined by TAC

CLTB NM_007097

CLTB exon 8 sequence selected in NCBI. This 
sequence can be cross-referenced with TAC for 
confirmation of the correct alt-spliced exon. 

http://www.ncbi.nlm.nih.gov/tools/primer-blast/
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To design qPCR primers that span exon-exon junctions with one of the pair within the exon of interest (in this case CLTB alt-spliced 
exon 8), enter the start/end positions of exon 7 (558/669) in the Forward primer From/To fields and the start/end positions of 
exon 8 (670/723) in the Reverse primer From/To fields. Set Max PCR product size to 100, and click Get Primers.

Select a qPCR primer pair (optimal amplicon length 70-100 bp) for interrogating the CLTB alt-spliced exon 8.

Checking primers for specificity and SNPs
Primer pairs can be checked for specificity in NCBI Primer-BLAST by inputting the forward and reverse sequences in the Use my 
own primer fields and clicking Get Primers:

http://www.ncbi.nlm.nih.gov/tools/primer-blast/
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qPCR primer pairs that are unique for a specific target should only give products on the target of interest (in this case CLTB exon 7/8) 
of the appropriate amplicon length (in this case 91). 

UCSC In-Silico PCR can also be used to check qPCR primer pairs for specificity and SNP positions. Common SNPs within primer 
annealing sites should be avoided. The UCSC database can be opened from TAC by right clicking on any exon and selecting View 
Exon in UCSC.

 

When primer pairs span exon-exon junctions, a longer amplicon may be amplified due to genomic DNA contamination and will show 
as a higher molecular weight band on agarose gels. This contamination will interfere with SYBR-based qPCR analysis and should be 
minimized by using isolation kits with a DNase step (e.g. PrepEase RNA Spin Kit, PN 78766) or by DNase treatment of isolated RNA 
using rDNase I, RNase-Free (PN 78411). Genomic DNA contamination is more difficult to detect when primer pairs are within an 
exon boundary, and the inclusion of a no reverse transcriptase control is recommended in those situations.

Fold change from real-time PCR data is calculated using the ΔΔCt method relative to an endogenous reference gene (e.g. ACTB). 
Gene-level fold change is calculated using the fold change of constitutive exons. Splicing Index from qPCR data is calculated for alt-
spliced amplicons by normalizing their fold change to the average fold change of constitutive amplicons. In effect, Splicing Index is 
a fold-change measure of the alt-splice event. See Appendix A for detailed calculation and table of recommended reference genes 
and primers in Appendix B.

http://genome.ucsc.edu/cgi-bin/hgPcr?hgsid=342456309
http://www.affymetrix.com/catalog/131354/USB/PrepEase-RNA-Spin-Kit#1_1
http://www.affymetrix.com/estore/esearch/search.jsp?pd=prod220004&N=4294967293
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Validation of Affymetrix GeneChip HTA 2.0 alternative splicing data by VeriQuest SYBR Green qPCR assays may have differences in 
the magnitude of the splicing indexes. This is normal due to the inherent differences in the dynamic range and noise of each platform. 
In an internal study conducted by Affymetrix scientists, 16 separate differential alt-splicing events selected from HTA 2.0 data were 
confirmed by VeriQuest qPCR with 100%-directional concordance (see White Paper). 

Example 2: Validating GeneChip Human Gene (HuGene) 2.0 ST Array 

When using VeriQuest qPCR Master Mixes to validate Affymetrix 3’ IVT (e.g. Human Genome U133 Plus 2.0) and Gene (e.g. Human, 
Mouse, Rat Gene 1.x or 2.x ST) microarrays, qPCR primers should be designed against constitutive exons using a workflow similar to 
Example 1. While these arrays are not annotated to the extent of HTA 2.0 in TAC, Expression Console generated files can be ana-
lyzed in TAC Software for easy interpretation of differential expression between samples. 

In this example, HuGene 2.0 data from Human liver and muscle total RNA were analyzed by TAC Software to obtain a list of  
differentially expressed genes (see figure below). The Complement Factor H-Related 3 (CFHR3) gene, which encodes a protein that 
binds heparin and may be involved in complement regulation, was selected based on its significant gene-level fold change between 
samples (liver vs. muscle) and constitutive regions of significant length for interrogation by VeriQuest qPCR. The highlighted  
CFHR3 gene’s differential expression is shown as a blue ‘x’ in the displayed scatter plot (higher expression in liver vs. muscle). The 
Transcript Cluster ID (16675428) can be queried in NetAffxTM Analysis Center, which is accessible on the Affymetrix website 
(Affymetrix.com), for appropriate primer design strategy.

Right click the Transcript Cluster ID for CFHR3 and select Search Affymetrix NetAffx:

 

Click the Entrez ID (10878) under Transcripts Detected By 16675428 to link out to NCBI for the gene structure view: 

http://media.affymetrix.com/support/technical/usb/tech_tips/Concordance_of_HTA_array_and_real_time_qPCR_results.pdf
http://www.affymetrix.com/estore/browse/level_seven_software_products_only.jsp?productId=prod760001&categoryId=35623&productName=Affymetrix%2526%2523174%253B-Transcriptome-Analysis-Console-(TAC)-Software#1_1
http://www.affymetrix.com/estore/browse/level_seven_software_products_only.jsp?productId=131414&categoryId=35623&productName=Affymetrix%2526%2523174%253B-Expression-Console%2526%2523153%253B-Software#1_1
http://www.affymetrix.com/estore/analysis/index.affx;jsessionid=FFB9B31B2419349A9594DB432830153D.prd12com?category=34005&categoryIdClicked=34005&rootCategoryId=34005&navMode=34005&aId=netAffxNav
http://www.affymetrix.com/estore/
http://www.ncbi.nlm.nih.gov/gene/
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From the NCBI gene structure view of CFHR3, constitutive exons (e.g. CFHR3 exons 1-3, 5,6) are present in all variants where poten-
tially alt-spliced exons (e.g. CFHR3 exon 4) are not. Use constitutive exon sequences for designing qPCR primers for gene-level valida-
tion in VeriQuest qPCR assays.

Note: Gene structures are subject to change with discovery of new variants. Non-concordance between assays due to undefined alt-
splicing events can be resolved with a 2nd qPCR assay with primer pairs in a different constitutive region.

The RefSeq accession number (NM_021023) can then be queried on the NCBI website to determine sequences of constitutive exons 
for qPCR primer design (similar to the workflow in Example 1) for validation with VeriQuest SYBR Green qPCR Master Mixes. 

As an alternative to primer design using NCBI Primer-BLAST and UCSC In-Silico PCR, both SYBR- and Probe-based pre-designed 
qPCR assays from IDT can be used for gene-level validation of Affymetrix expression arrays. By simply inputting the Gene Symbol, 
Species, and Assay Configuration preference (in this case CFHR3, Human, Intercalating dyes, primers only) and clicking Submit, 
available assays for Detecting All Variants can be purchased. Notice there are no assays available for exon 4 which is a non-
constitutive exon and should be avoided in VeriQuest qPCR validation assays. 

            1                   2   3             4         5     6 

Fold change from real-time PCR data is calculated using the ΔΔCt method relative to an endogenous reference gene (e.g. ACTB). 
Gene-level fold change is the fold change of constitutive exons.

http://www.ncbi.nlm.nih.gov/nucleotide/
http://www.ncbi.nlm.nih.gov/tools/primer-blast/
http://genome.ucsc.edu/cgi-bin/hgPcr?hgsid=342456309
http://www.idtdna.com/order/Predesignedassay.aspx
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Appendix A
The Splicing Index for HTA data represents the ratio of the exon intensities in condition 1 versus condition 2 after normalization to 
their respective gene intensities in each sample. A Splicing Index value of 0 indicates that the Probe Selection Region (PSR) is present 
at equal levels in both conditions. A positive Splicing Index value implies elevated inclusion, and a negative value suggests increased 
PSR skipping in condition 1 versus condition 2.

This is an example of fold change and Splicing Index calculation from VeriQuest qPCR data. See Example 1 above for CLTB gene 
structure view and primer design.

 

∆∆Ct 2^∆∆Ct 2^∆∆Ct or -1/2^∆∆Ct FC(A)/AvgFC(C) SI

L B L B Liver-Brain

exon 1-1 31.3 31.2 31.3 29.9 29.8 29.8 31.3 29.8 -4.96 -3.95 -1.01 0.50 -2.0

exon 7-7 29.9 29.8 30.0 28.8 28.9 28.9 29.9 28.9 -3.56 -3.00 -0.56 0.68 -1.5

exon 9-9 31.5 31.2 31.3 29.9 29.9 29.9 31.3 29.9 -5.03 -4.02 -1.01 0.50 -2.0

exon 7-8 35.0 35.0 35.0 29.1 29.0 29.1 35.0 29.0 -8.70 -3.14 -5.55 0.021 0.038 -26

exon 8-9 35.0 35.0 35.0 28.9 28.9 28.9 35.0 28.9 -8.70 -2.99 -5.70 0.019 0.034 -29

ACTB constitutive exon 3-4 26.3 26.3 26.3 25.9 25.9 25.9 26.3 25.9

Brain

Fold Change Splicing Index

Gene Amplicon

Liver vs Brain Liver vs Brain

CLTB

constitutive 
(C)

alt-spliced 
(A)

Ct per triplicates Average Ct
Average ∆Ct 

(ACTB-CLTB)

Liver

Fold change and Splicing Index from qPCR data are calculated using the ΔΔCt method relative to an endogenous reference gene 
(ACTB in this example). A raw Ct of 35 is used as the limit of detection: Ct values are set at 35 for any replicates with Ct values not 
determined or >35. 

Calculate average ΔCt as the average Ct (ACTB) - average Ct (CLTB) for both conditions (liver and brain).
Calculate ΔΔCt as ΔCt (liver) - ΔCt (brain).
Calculate 2ΔΔCt.

Gene-level fold change is reported as the fold change of constitutive exons (C). 

Fold change = 2ΔΔCt if 2ΔΔCt ≥1
Fold change = -1/2ΔΔCt if 2ΔΔCt <1

For the constitutive exon 1, the calculated 2ΔΔCt value is less than 1 (0.50), indicating slightly decreased gene expression in liver versus 
brain. This is finally reported as -1/0.50 = -2.0, as a negative number. 

Splicing Index from qPCR data is calculated for alt-spliced amplicons (A) by normalizing their fold change to the average fold change 
of constitutive exons.

Calculate FC (A)/average FC (C)
For amplicon spanning exons 7-8: 

0.021/average (0.50, 0.68, 0.50) = 0.038

Splicing Index = FC (A)/average FC (C) if FC (A)/average FC (C) ≥1
Splicing Index = -1/(FC (A)/average FC (C)) if FC (A)/average FC (C) <1

For amplicon spanning exons 7-8, the calculated FC (A)/average FC (C) value is less than 1 (0.038), indicating decreased exon 8 inclu-
sion in liver. This is finally reported as -1/0.038 = -26, as a negative number.
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Appendix B
Real-time PCR data is normalized to a reference gene, an mRNA that is stably expressed under the experimental conditions employed. 
It is recommended to screen multiple reference genes to determine which expression levels fluctuate the least. Commonly used 
endogenous reference genes with possible forward and reverse primer sequences are listed in the table.

Gene ID Description Primer sequences (5’ to 3’)

18S 18S ribosomal RNA
F CGAAGACGATCAGATACCGT

R GGTCATGGGAATAACGCCG

28S 28S ribosomal RNA
F TCGTCCGACCTGGGTATAG

R GCTATCCTGAGGGAAACTTCG

ACTB actin, beta
F AACCGCGAGAAGATGACCCAGAT

R TAGCACAGCCTGGATAGCAACGTA

GAPDH glyceraldehyde-3-phosphate dehydrogenase
F ATCGTGGAAGGACTCATGACCACA

R TAGAGGCAGGGATGATGTTCTGGA

HPRT1 hypoxanthine phosphoribosyltransferase 1
F ATGGACAGGACTGAACGTCTTGCT

R TTGAGCACACAGAGGGCTACAATG

POLR2A polymerase (RNA) II (DNA directed) polypeptide A
F GCATTGACTTGCGTTTCCAC

R CCATCACACATGTGCCGTTC

PPIA peptidylprolyl isomerase A (cyclophilin A)
F GTCTCCTTTGAGCTGTTTGC

R AAGCAGGAACCCTTATAACC

TBP TATA box binding protein
F ACCAGGTGATGCCCTTCTGTAAGT

R ATGAGCAACTCACAGTCACGCT
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