
Analyzing your QRT-PCR Data 

The Comparative CT Method (ΔΔCT Method): Data Analysis Example 

The following table presents data from an experiment where the expression levels of a target (c-
myc) and an endogenous control (GAPDH) are evaluated. The levels of these amplicons in a 
series of drug-treated samples are compared to an untreated calibrator sample.  

The number of experimental replicates run in a study directly affects the downstream data 
analysis (i.e. are the observed fold-differences in nucleic acid statistically significant?). Careful 
consideration must be exercised when determining the number of experimental replicates that 
will be tested in a relative quantitation study.  Mean CT values and standard deviations are used 
in the ΔΔCT calculations. In this example, each sample type was run in triplicate. Each sample 
CT mean was calculated and standard deviations were calculated for each mean CT value. 

Table 11: Fold change expression of c-myc after treatment, calculated by ΔΔCT method 

 
Sample 

c-myc Average 
CT 

  

GAPDH 
Average CT 

 

ΔCT c-myc- 
GAPDH 

 

ΔΔCT 

ΔCT treated 
-ΔCT 
untreated 

Fold difference in 
c-myc relative to 
untreated = 2-∆∆CT 

  

untreated 

 

30.49±0.15 

  

23.63±0.09 

 

6.86±0.19 

 

0.00±0.19 1 (0.9-1.1) 

  
Drug 
treatment 
A 

 

27.03±0.06 

  

22.66±0.08 

 

4.37±0.10 

 

–2.4±0.10 5.6 (5.3-6.0) 

  

Drug 
treatment B 

 

26.25±0.07 24.60±0.07 

 

1.65±0.10 

 

–5.11±0.10 37 (34.5-39.7) 

  

Drug 
treatment 
C 

 

25.83±0.07 23.01±0.07 

 

2.81±0.10 

 

–3.95±0.10 16.5 (15.4-17.7) 

  

 
  



Calculate the ΔCT value. 

Open data up in an excel file: 

Based on consistency of amplification, choose either 18S or GAPDH as your endogenous 
control. 

Calculate the average CT for your endogenous control and each experimental gene as follows: 
=AVG(select boxes with values of interest) 

The ΔCT value is calculated by: 

For example, subtraction of the average GAPDH CT value from the average c-myc CT value of 
the untreated sample yields a value of 6.86. 

ΔCT untreated = 30.49 – 23.63 = 6.86 

Calculate the standard deviation of CT values and variance of the ΔCT value. 

The variance of the ΔCT is calculated from the standard deviations of the target and reference 
values using the formula: 

s = (s1
2 + s2

2)1/2 ; where X1/2 is the square root of X 

and s= standard deviation. For example, to calculate the standard deviation of the untreated 
sample ΔCT value: 

s1 = 0.15 and s1
2 = 0.022  [in excel for s1 simply =STD(select boxes with values of interest)] 

ΔCT = CT target – CT reference 

s2 = 0.09 and s2
2 = 0.008 s = (0.022 + 0.008)1/2 = 0.17 

Therefore, ΔCT untreated = (30.49 ±0.15) – (23.63 ±0.09) = 6.86 ±0.17 

Calculate the ΔΔCT value. 

The ΔΔCT is calculated by: 

ΔΔCT = ΔCT test sample – ΔCT calibrator sample 

For example, subtracting the ΔCT of the untreated from the ΔCT of Drug Treatment A yields a 
value of –2.5. 

ΔΔCT = 4.37 – 6.86 = –2.5 

Calculate the standard deviation of the ΔΔCT value. 

The calculation of ΔΔCT involves subtraction of the ΔCT calibrator value. This is subtraction of 
an arbitrary constant, so the standard deviation of the ΔΔCT value is the same as the standard 



deviation of the ΔCT value. 

Therefore, ΔΔCT Drug Treatment A sample = ΔΔCT = 4.37±0.10 – 6.86±0.17 = –2.5±0.10 

Standard deviation of the ΔΔCT value is the same as the standard deviation of the ΔCT value 

 

Incorporating the standard deviation of the ΔΔCT values into the fold- difference. 

Fold-differences calculated using the ΔΔCT method are usually expressed as a range, which is a 
result of incorporating the standard deviation of the ΔΔCT value into the fold- difference 
calculation. 

The range for targetN, relative to a calibrator sample, is calculated by: 2
–ΔΔCt with ΔΔCT + s and 

ΔΔCT – s, where s is the standard deviation of the ΔΔCT value. 

For example, the drug-treatment A sample has a 5.3 to 6.0-fold difference in expression of the 
targetN relative to the untreated (calibrator) as indicated below. 

ΔΔCT +s=–2.5+0.1=–2.4  

2
–ΔΔCt = 2

– (–2.4) = 5.3 

and 

ΔΔCT +s=–2.5–0.1=–2.6  

2
–ΔΔCt = 2– (–2.6) = 6.0 

 
At this point to get the true fold change, we take the log base 2 of this value to even out the 
scales of up regulated and down regulated genes.  Otherwise upregulated has a scale of 1-
infinity while down regulated has a scale of 0-1. 
 
Once you have your fold changes, you can then look into the genes that seem the most 
interesting based on this data.  There are hundreds of resources online that will tell you what 
the gene does, what pathways it is involved in, etc.  We will start by going to the website created 
by the Barres Lab team from Stanford that wrote the RNA Seq paper on the various isolated 
cells in the NS. 
 
Find the link below: Works better in Safari 
http://web.stanford.edu/group/barres_lab/brain_rnaseq.html 
 
 



QRT-PCR – Analyzing your Data – Further Notes for consideration and questions for discussion. 

            
 
 
Based on your amplification plots, the computer will determine the best threshold to set whereby the 
most amplification plots are in a linear growth phase.  Once the threshold is set, the cycle at which each 
amplification curve crossed that threshold is determined and assigned as the CT for that sample.  With 
this data, you will work in groups and proceed to calculate the change in expression values for each gene 
in liver and brain tissue.  
 
The CT data is used to determine the amount of each gene/mRNA present relative to each sample. The 
table below shows the average CT results for the expression of VEGF in healing Achilles tendons in 
mice immediately post-op and 1 day post-op, and how these CTs are manipulated to determine ΔCT, 
ΔΔCT, and the relative amount of VEGF mRNA in terms of fold change. ∆CT is calculated by 
subtracting the CT for VEGF for the sample from the CT for the endogenous control (in this case 18S).  
The calculation of ΔΔCT involves subtraction by the ΔCT reference sample value (in this case from the 
wild type for one calculation and from day 0 for a second calculation). The range given for VEGF in 
wild type mice relative mutant mice is determined by evaluating the expression: 2 –ΔΔCT  
 
Data can be graphed in a variety of ways, once expression has been determined, for easier visualization.  
Below are examples of how the data in the table may look.  Only the Day0 and Day1 points are shown 
in the table while the graphs show the data through Day7 post-op.  The scatter plot displays the 
difference in expression of VEGF in both the wild type and mutant mice using the Day 0 data for each 
mouse type as the reference.  Notice that overall expression decreases for both mice types as healing 
progresses, though the decrease is greater for the mutants.  The bar graph shows the difference in 
expression of VEGF in the wild type and mutant mice at each day post-op using the wild type for that 
day as the reference.  Notice that the wild type mice have the lower expression on each day except day 2 
and day 7, when their expression is higher than the mutants. 
  

��



 

 
 
Once calculations are done, you can further investigate the genes that you are still interested in by going 
online and finding databases that help you determine gene function and rolls in pathways.  There are 
many tools available free online - Gene Expression Omnibus (GEO), Online Mendelian Inheritance in 
Man (OMIM), and Biocyc, just to name a few.  We will investigate this a little bit together if time today 
and finish up on the last day.  
 
 
Questions for Discussion 
 
1. Which genes were most were more highly expressed in the brain? 
 
 
 
2. Which genes were more highly expressed in the liver? 
 
 
 
3. Based on the functions of these genes, does it make sense that they are differentially expressed in 
these two organs?  Use two of the genes to help explain why or why not. 

��


