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Abstract — Group II introns are mobile elements present in
bacteria, as well as in the eukaryotic organelles. This type of
intron is probably the ancestor of nuclear introns. Group II
introns have a conservative secondary structure, which
determines their ability to self-splice. It is known that some group
II introns have the ability to alternative splicing [1]. The
possibility of alternative splicing of group II introns is explained
by the fact that they can have several different variants of the
secondary structure, each of which leads to its own splicing
reaction. Based on the introns of group II with the secondary
structure described in the literature, we have constructed a
generalized model of the structure of introns of this type. In
addition, we searched for introns corresponding to our model in
the RFAM database and found introns with the possibility of
alternative splicing. For the found introns, we performed an
analysis of coadaptive nucleotide substitutions in the secondary
structure. We also analyzed the effect of alternative splicing on
proteins that are the product of the corresponding genes.
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Materials and Methods

To build a model of the secondary structure of group II
introns, we used a database of known intron structures [2]

We searched for introns with the possibility of alternative
splicing in an open database of bacterial and eukaryotic
introns of group Il RFAM [3].

To search for a given secondary structure in genomic
sequences, we used the Rscan program [4].

Secondary Structure Models

The secondary structure of group II introns consists of 5
structural elements called domains. The largest of them is the
first domain. At the first stage, for each of the intron domains,
except 4, we built several models of the secondary structure.
Each model generalized its domain for a group of introns with
a similar structure. In addition to the secondary structure itself,
described by the positions and lengths of its stems and loops,
our model also included:

e Consensus sequences for splicing sites.

e The presence of tertiary interactions of introns. Among

them are ebs1 / ibs1, ebs2 / ebs2, a-a’, B-p, K, €.

In order to evaluate the quality of our models, we
calculated the distribution of z-score of the energy for the
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secondary structure on a random sample of nucleotide
sequences. Random sequences had the same dinucleotide
composition as real introns. Using the obtained distribution, we
set the threshold for the energy of the secondary structure: z-
score <=—1.48.

We used the constructed models to restore the secondary
structure introns from the RFAM database. To do this, we
looked for sequences that satisfy our constraints on structures,
including constraints on tertiary interactions and the z-score
threshold. We also analyzed the protein sequences of the fourth
domain of the detected introns for the presence of standard RT
motifs in them [5]. The group II introns discovered in this way
and their secondary structures were described in [6]. In total,
we restored the complete secondary structure of 394 eukaryotic
group II introns. Among them, 3 introns of subtype IIB, and the
rest IIA. 18 found introns belong to the nuclear genome, 10 to
the mitochondrial, 127 to the chloroplast genome and 196 to
the plastid genome.

Search for alternative splicing

Then we used the found boundaries of all domains to detect
introns containing several valid splicing variations. Such
introns can potentially have the ability to alternative splicing.
On the identified candidates, we carried out an analysis of
coadaptive nucleotide substitutions in the secondary structure
in order to establish the most probable path of their evolution.
In addition, for introns located close to each other in the
genome, we analyzed their interactions and mutual evolution.
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