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Additional Table 1. Description and criteria for different algorithms/approaches used in the present study 

to determine most stable reference gene pair 

 

Algorithm/ 

Approach 

Criteria Notes Reference 

Coefficient of 

Variance (CV%) 

 

Homogenous sample CV < 

25% and Heterogenous 

sample CV < 50% 

 

Also known as Relative Standard Deviation, is 

calculated as the ratio of the standard deviation and 

mean of linear Cq values (2-Cq). A lower CV% 

indicates higher gene expression stability and visa 

versa.  

 

1,2,3 

NormFinder Lower the group standard 

deviation, higher the 

expression stability of the 

gene 

 

Estimates the overall variation in gene expression 

for each gene and delivers a stability value that 

identifies not only the most stable gene but also the 

best control gene. Stability of gene is presented as 

an estimate of combined intra- and inter-group 

variation of individual gene. 

 

4 

geNorm Lower the M value, more 

stable the gene;  

M < 1 for heterogenous 

tissue like breast cancer 

 

Vn/Vn+1 < 0.15  

Calculates M value for each candidate gene based 

on pairwise comparisons. Uses stepwise exclusion 

method of the least stable genes by calculating 

average M values. 

 

geNorm can also estimate optimal number of genes 

required for accurate normalization of expression 

data. Vn represents the number of genes suitable 

for normalization. However, in case Vn = 2, it is 

recommended to consider three stable internal 

controls. 

  

5 

BestKeeper Any of three criteria: 

1) S.D ± C.P ≤ 1 

2) S.D. ± x-fold ≤ 2 

3) High coefficient of 

correlation r 

 

Analyzes the expression stability of reference genes 

using crossing points (C.P) to decide whether the 

genes are differentially expressed under the 

applied conditions or not.  

 

6 



Comparative ∆Ct Lower the standard 

deviation, higher the 

expression stability of the 

gene 

 

Compares the relative expression of pairs of 

candidate reference genes within each sample to 

identify and rank the most stable genes. For a stable 

gene, it should be strongly expressed, displays 

minimum fluctuations and is independent of 

expression of other genes. 

 

Further, if ∆Cq values of two genes fluctuate when 

analyzed in different samples, it can be concluded 

that one or both genes are variably expressed. 

Conversely, if the ∆Cq values remain constant, then 

both genes are either expressed stably or are co-

regulated among the samples. 

 

7 

RefFinder Lower the geometric mean, 

the higher the expression 

stability of the gene 

Measures geometric mean of attributed weights by 

NormFinder, geNorm, BestKeeper and 

Comparative ∆Ct to generate an overall final 

ranking. 

 

8 
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