
Producing Excellent qPCR Data: Do’s 

Step Description Theme Sub Steps What to Do 

1 Sample Extraction 
and Storage 

Quickly and 
reproducibly Tissue removal Stagger treatments for consistent treatment times. 

    Reproducibly sacrifice individual animals, dissect tissue, 
and flash freeze in liquid nitrogen. 

    
For cell culture, wash plates, add lysis buffer from RNA 
extraction kit directly to the plate and generate a stable 
homogenate by scraping cells and pipetting up and down, 
then freeze. 

2 RNA Extraction 
Batch samples, 

RNase-free, fully 
frozen, use a kit 

Preparing the bench 
Use RNase-free tips, tubes on a clean bench, pipettes and 
gloves that have been cleaned with an RNAse cleaning 
product such as ZAP or RNAse Away. 

   Removing samples 
from the -80°C freezer 

Remove a batch of samples to extract at the same time. 
All samples should be kept on dry ice or dry ice mixed with 
ethanol until RNA extraction. 

   RNA extraction 
procedure 

Use a kit-based method to extract RNA such as Bio-Rad’s 
AurumTM kits. Grind tissue to a powder in a mortar 
containing liquid nitrogen and then quickly add the frozen 
powder to the lysis buffer from the kit. 

3 Testing the RNA 
Samples Purity and quality Purity test to limit 

protein contaminants 
Test the DNAse-digested, column-purified RNA samples 
on a spectrophotometer to assure an OD 260/280 of 1.8 or 
higher. 

   Quality test to avoid 
using degraded RNA 

After the purity test, run the RNA samples on a 
formaldehyde denaturing agarose gel (28S/18S ribosomal 
RNA ratio of at least 1) or if samples are precious and 
limiting on an automated electrophoresis instrument like 
the ExperionTM to assure that they are not degraded (RQI 
number of at least 7.0). 

4 Reverse 
Transcription Use same input RNA Normalize 

concentrations 
Normalize all extracted RNA samples to the same 
approximate concentration and then add the same volume 
to the reverse transcription reaction. 

   Use a good kit 
Use a good reverse transcription kit such as iScriptTM that 
contains a robust enzyme mix over a broad dynamic range 
of RNA concentrations. 

5 Primer Design 
Specific primers 

without secondary 
structure 

Primer Blast and 
UNAFold 

Design primers to produce amplicons in the 80bp to 200bp 
range with annealing temperatures at 60°C using Primer 
Blast and then UNAFold. 

6 Primer Validation 
Annealing 

temperature, gels 
and standard curves 

Thermal gradient 
A thermal gradient-enabled qPCR machine provides a 
quick and fast option to test 8 annealing temperatures in a 
single experiment using a 10-fold diluted, pooled cDNA 
sample from all the treatment conditions. 

   Run qPCR product 
on a gel 

Running a gel and potentially sequencing the amplicon is 
good practice during primer validation to assure primer 
specificity. 

   
Standard curve to test 

efficiency, dynamic 
range and determine 
dilution of unknowns 

For each primer pair, perform an 8 point dilution series of a 
pooled cDNA sample from across the treatment conditions 
as follows: high expressors, 8-fold; medium expressors, 4-
fold; low expressors, 2-fold. 

7 Reference Gene 
Validation 

Source literature and 
test with GeNorm 
and NormFinder 

Source literature for 
stable reference genes 

Use Google Scholar and search for “qPCR reference gene 
genorm [your organism/tissue of interest].” Derive a list of 
6-10 targets from the literature to test their stability in your 
samples. 

   

Test the six potential 
targets using GeNorm 

and pick the two or 
three most stable for 

normalization 

An initial qPCR experiment with the validated reference 
gene primers and selected cDNA samples from each 
treatment should be run. CFX Manager from Bio-Rad 
incorporates GeNorm to determine the most stable targets 
that vary minimally in their expression over the treatment 
conditions. 
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Producing Excellent qPCR Data: Don’ts 

Step Description What to Avoid Data Ramifications 

1 Sample Extraction 
and Storage 

Sacrificing animals at the same 
time before tissue extraction 

Poor biological variability and large error bars from transcriptional 
variability caused by inaccurate treatment times in mortality and variability 
in timing of removal of tissue from deceased animals. 

  
Trypsinizing, collecting and 

centrifuging cells before adding 
lysis buffer 

Erroneous gene expression data caused by excessive handling of cells 
prior to homogenization 

2 RNA Extraction Using regular tips or tubes that 
have been exposed to the lab Rapid digestion of extracted RNA leading to variable and high Cq values 

  
Placing samples on blue ice 
which results in thawing and 
exposure to RNase prior to 

RNA extraction 

Lysis of tissue prior to RNA extraction from freeze to thaw cycle causing 
high variability in degradation between samples. 

  
Homogenizing tissue at room 

temp with a procedure yielding 
non-uniform homogenate 

Risk variability in RNA extraction, potential partial digestion of RNA and 
lower yield potentially resulting in variable results and Cq values. 

3 Testing the RNA 
Samples 

Accepting OD 260/280 
values below 1.8 

Variable and higher Cq values from protein contaminant inhibition of the 
RT and qPCR reactions 

  Not testing the RNA Quality Degraded RNA samples will result in artifactual and uninterpretable 
results giving large variability in Cq values between samples. 

4 Reverse Transcription 
Adding different RNA amounts 

to the reverse transcription 
reaction 

Wide variability in Cq values caused by differences in the RT reaction 
from variable RNA input can dramatically alter the resulting cDNA. 

5 Primer Design 
Using primer sequences 

from the literature or websites 
without validation 

It is not uncommon that published primer sequences are either incorrect 
sequences or correct sequence to the wrong target. Check all sequences 
using software tools to save weeks of troubleshooting. 

6 Primer Validation 

Running qPCR experiments 
at predicted annealing 

temperatures from primer 
design software without wet 

chemistry validation 

Samples used for qPCR may contain contaminants and chemicals that 
deviate from the predicted annealing temperature from software resulting 
in high and potentially variable Cq and artifactual data. 

  
Assuming that a single 

melt curve peak means that 
the predicted product has 

been amplified 
Months of wasted work studying an artifact. 

  

Assuming primers are 
validated with good efficiency 
and to dilute all samples by 

a standard dilution (ie: 10-fold) 
for all targets 

If samples are not diluted such that they amplify with Cq values in the 
efficient range of the standard curve, the gene expression data produced 
can be an artifact of non-efficient amplification. 

7 Reference Gene 
Validation 

Trusting without independent 
validation a peer recommended 

reference gene target 

  

Using the usual suspects 
of reference gene targets 

including GAPDH, B-Actin, 
Tubulin and 18S RNA without 

confirming stability 

Since reference gene targets are used to normalize the data between 
samples, the resulting normalized, relative gene expression data will be 
directly affected by changes in the regulation of the reference gene as 
opposed to the target gene. 
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