
Abstract—Alternative splicing is an inherent gene regulatory 
mechanism, allowing for a single gene to code for a multitude of 
proteins. Intron retention is a class of alternative splicing varia-
tion that occurs when a region of DNA intended to be spliced out 
and removed before proteins are constructed is instead included 
in the final mRNA transcript, at times drastically modifying the 
final protein construct. This study investigates potential intron 
retention events to reveal hallmarks of the process. This analysis 
revealed that read coverage and the portion of the intron aligned 
can be used to identify and differentiate intron retention events.

I. INTRODUCTION
Alternative splicing allows for a single gene to code for multiple 

unique proteins. Splicing removes large segments of non-protein 
coding regions, known as introns, isolating the exons that are as-
sembled into a final mRNA transcript. Alternative spicing allows 
for the spliceosome to act as a regulatory mechanism in gene ex-
pression through the selection of unique combinations of exons to 
be included in the mRNA transcript. Intron retention (IR) is a form 
of alternative splicing in which the entirety of an intron typical-
ly excluded from the mRNA transcript is included and treated as 
an exon. [1] Intron retention has been linked to multiple disease 
pathologies, including cancers. [2] However, there is currently no 
accepted methodology for the identification of intron retention 
events. By properly identifying intron retention in RNAseq data, 
it will be possible to isolate and understand the biological mech-
anisms responsible for intron retention. [3] and [4] describe IR 
events as identifiable by a consistently low sequencing read depth 
relative to exons within the gene that is unique from baseline se-
quencing noise. By characterizing and correcting for sequencing 
noise, IR events can be identified.

II . METHODOLOGY
This study’s algorithm identifies intron retention by first select-

ing all potential IR events and then classifying these events using 
calculations based on sequencing read depth. For each gene, tran-
scripts containing different combinations of exons were combined 
into a single list, and potential IR events were identified from this 
list as intron regions that were not overlapped by any other exons. 
Depth preprocessing using Samtools provided sequencing read 
depth information for each position of every gene queried. Depth 
refers to the number of RNA-seq reads aligned to a specific posi-
tion. Depth score was computed for each IR event as the sum of 
the depth at each position. For each potential IR event, coverage 
scores were used to quantify the distribution of sequencing reads 
over the intron by calculating the sum of the depths and dividing 
by the length of the intron. Identified introns were queried for in-
tron length, depth, and coverage. The 3-dimensional matrix of all 
identified introns was first processed using principle component 
analysis as a method of dimensionality reduction. These data were 
then analyzed and differentiated using K-means clustering.
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III . RESULTS
K-means Clustering – 3 Dimensions  K-means Clustering Transformation

Figure 1: K-means clustering results targeting two clusters.
Figure 2: Points are transformed to show distance from the nearest cluster center.

The above figures show results of K-means clustering. The al-
gorithm incorporated the three dimensions of sequencing read 
depth, intron length, & aligned length. PCA was used to project 
those three dimensions into two, allowing for K-means to separate 
the data into two clusters. Figure 2 transforms the points of Figure 
1 to show this differentiation, as defined by the dashed yellow line. 

IV. DISCUSSION & CONCLUSION
Descriptive statistical analysis and coverage scores revealed 

no clear linear correlations, showing that these sequence features 
alone are insufficient for the creation of linear classification mod-
els. Coverage scores do succeed, however, in highlighting introns 
errantly selected due to sequencing and alignment error. Clear 
peaks at low coverage scores were observed, representing clusters 
of introns with the majority of their sequences unaligned to any 
RNA-seq reads, meaning that these are not IR events. Descriptive 
statistics can be used as a preliminary screening measure for poten-
tial IR events, but are useless in distinguishing the true events from 
background genomic noise. These problems in data analysis were 
addressed through the use of principle component analysis (PCA) 
and K-means clustering. PCA dimensionality reduction drastical-
ly simplifies the multi-dimensional matrix of intron length, depth, 
and coverage used in this study, and allows the data to be more 
accurately clustered, creating a mathematical model for the identi-
fication of IR events. This model can successfully distinguish true 
events from noise, and is the first step in understanding the under-
lying mechanisms that control intron retention events.
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