Additional discussion on the gene rankings obtained with algorithms

Considering that geNorm and the Comparative ACq method evaluate the pairwise variation of
a particular gene with all other genes, they tend to select those with the highest degree of similarity
of expression profiles across the sample set as the most stable [1]. Consequently, GSK3B, that
displayed a decreasing trend with age like the other genes, is ranked higher than B2M by these
algorithms. These results highlight the fact that if only one stably expressed gene, i.e. a gene with an
expression level that is not affected by experimental conditions, was to be present among a group of
candidates, these algorithms would not recognize it as the most stably expressed, as it was
previously reported [2]. As a consequence of their stability value definition, the outcome of these
algorithms is easily affected by genes that behave all in the same way, like co-regulated genes.
geNorm and the Comparative ACq method developers warned about this issue and they advised to
choose genes that belong to different families and with different cellular functions in order to
reduce the possibility of selecting co-regulated genes [3,4]. However, it is not always possible to
assume that independency without any further testing. BestKeeper also recognized GSK3B as a
more stably expressed gene than B2M, but this discrepancy was due to the higher dispersion of the
results obtained for B2M that increases its standard deviation (SD) value, since the calculation of
this stability value does not imply a comparison between genes. However, this algorithm depicted
the lack of correlation between B2M and the BestKeeper index as it yielded an R value for the
Pearson correlation test lower than 0.5, while the other genes led to an R value higher than 0.8.

In contrast to the results of the other algorithms, NormFinder found GSK3B and B2M more
similar in terms of expression stability. However, it was not because it recognized both as more
stably expressed due to their low intergroup variation, but as a consequence of GSK3B being ranked
in a lowest position. While NormFinder placed it in the fifth position, despite this gene exhibiting
not only a low deviation between ages but also a low intragroup variation, the rest of the
algorithms ranked it among the top three genes regarding expression stability. A similar situation
was reported by Kortner and coworkers who found that the gene with the lowest coefficient of
variation in their study was the second lowest ranked by NormFinder, and also by geNorm,
because it showed a low correlation with the expression pattern of the majority of the genes
evaluated. These authors explained that NormFinder, although it assesses separately inter and
intragroup variation, is also sensitive to groups of genes that behave all in the same way. That is
because, instead of assuming that the individual candidate genes do not display systematic
intergroup variation, it assumes that the average of all candidate genes display no systematic
variation [5].
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