
 Splicing (In)Stability in Aging
 

Introduction

Fig. 3. The entropy of sites in different human tissues increases with age. However, for 
other organisms, the results are contradictory: no such correlation is observed when tested on 
mouse data. It is possible, though, that the lack of effect in this case is due to insufficient data 
(low read coverage).

Fig. 2. Among the stable sites, small distances between alternative partners 
predominate. A significant contribution is made by the three-nucleotide 
difference, that might be explained by the presence of NAGNAG in the acceptor 
sites.

Aging is a natural physiological process that affects many molecular mechanisms including alternative splicing. In our study, we investigated age-associated splicing changes.

We analyzed splicing changes both for individual sites and for introns:
● For each splicing site with multiple possible partners, we calculated the entropy of the distribution of these partners' frequencies in each sample (see Fig. 1). This measure 

allows us to assess how evenly the frequencies of a specific site's partners are distributed. Then, we examined whether this entropy changes monotonically with age across 
all samples, indicating whether the splicing of this site becomes more "noisy" with age.

● Additionally, for each intron in each sample, we calculated its fraction of the total number of reads supporting the left site. This measure allows us to evaluate the 
"popularity" of each partner relative to all possible variants. We also calculated the correlation of this fraction with age.

Fig. 5. Even a small number of stable introns is sufficient for the reconstruction of a tissue tree based 
on the similarity of these intron frequencies. Some of them change their usage frequency in a 
tissue-specific manner. The X-axis represents tissues, the Y-axis represents introns, and the color of each cell 
corresponds to the average usage frequency of the intron in each tissue.

Fig. 1. The entropy of the left site depends on the ratio of the frequencies of its partners.

● Genes associated with the splicing process are the most stable in terms of splicing.
● Stable alternative introns often have similar coordinates. 
● The way splicing changes with age differs among various tissues.

Conclusions

Fig. 6. Our metrics for assessing age-related changes in splicing (correlation of entropy with age and 
correlation of frequency with age) enable the comparison of tissue aging patterns in terms of splicing. 
Individual tissues cluster into physiologically justified groups, such as brain structures; however, more 
frequently, tissues are meaningfully grouped into pairs, while the overall structure of the dendrogram does 
not align with the classical histological classification of tissues.

Entropy has low sensitivity to datasets where the ratio is close to 1:1*. This limitation prevents us from 
accurately identifying stable introns. Therefore, in subsequent analyses, we switched to using frequency — 
the ratio of the occurrence of a specific intron to all possible occurrences.

Fig. 4. Genes containing introns 
with stable frequencies (frequency 
does not change with age) show 
statistically significant enrichment 
for molecular functions associated 
with splicing. The GO enrichment 
results for these genes are virtually 
identical across different human 
tissues.

*is shown for two-element datasets

For our data, we observed an interesting property: the entropy 
distribution exhibits a peak near one, with these points having a low 
standard deviation. One might hypothesize that this peak corresponds to 
highly stable splicing sites, which could have a biological basis. However, 
this peak may also be explained by the inherent properties of entropy.
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