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Abstract

Summary: The rate and extent of unbalanced eukaryotic intron changes exhibit dynamic patterns for
different lineages of species or certain functional groups of genes with varied spatio-temporal expres-
sion modes affected by selective pressure. To date, only a few key conserved splicing signals or reg-
ulatory elements have been identified in introns and little is known about the remaining intronic regions.
To trace the evolutionary trajectory of spliceosomal introns from available genomes under a unified
framework, we present IntronDB, which catalogues ~50000000 introns from over 1000 genomes span-
ning the major eukaryotic clades in the tree of life. Based on the position of introns relative to coding
regions, it categorizes introns into three groups such as 5’'UTR, CDS and 3'UTR and subsequently
divides CDS introns into three categories such as phase 0, phase 1 and phase 2. It provides the quality
evaluation for each sequence entry and characterizes the intronic parameters including number, size,
sequence composition and positioning information as well as the features for exons and genes, making
possible the comparisons between introns and exons. It reports the dinucleotides around the intron
boundary and displays the consensus sequence features for all introns, small introns and large introns
for each genome. By incorporating the taxonomic assignment of genomes, it performs high-level or
genome-wide statistical analysis for single feature and coupled features both in a single genome and
across multiple genomes. It offers functionalities to browse the data from representative protein-coding
transcripts and download the data from all transcripts from protein-coding genes.

Availability: http://www.nextgenbioinformatics.org/IntronDB

Contact: dapeng.wang@plants.ox.ac.uk

Supplementary information: Supplementary data are available at Bioinformatics online.

researchers to examine the hypotheses that are retevapliceosomal
introns for the genomes that are publicly available.dAlculated the fun-
damental intron-relevant genomic features and utilezgariety of graph-
Exon-intron junction structures emerge in eukaryotitogees as a conse-  jca| techniques to reveal the nature of those fesithyeconsidering the
quence of complicated evolutionary history in termgeiome architec-  gistributions of single variable and two variables &l s those exam-
ture and transcription machinery (Deutsch and Long, 199®y provide  jneq under the framework of taxonomical parent-cinifdrmation.
diversified choices for the genomes in the processnodveng the introns

and generating distinctive types of transcripts bytisigifrom constitutive

splicing to alternative splicing at the cost of cdesable energy andtime 2  Methods

(Chorev and Carmel, 2012). It is documented that disgroups of line- e retrieved the DNA sequences and gene annotatier(G&F files)
ages have developed obviously different strategiethéosplicing of large  from Ensembl databasgs (https:/www.ensembj[bttp://www.ensent
introns in order to complete the splicing eventifitly (Shepard, etal.  [pigenomes.orh) and parsed the information and extrawesetjuences of
2009) To address the challenge posed by systematic comparisons amopirons, exons and transcripts based on the two tydstasets. The core
a broad range of species, we decided to build InBoid help the  gata of this database are only derived from the dataskere each

1 Introduction
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protaén-coding gene is represented by its longest proteinagddanscript
To cope with the frameshift introns, we only keptans with size >=10
bp in the downstream analysis. For the sake of qualitfrapme evalu-
ated the fraction of the equivocal bases or N nticles in independent
introns and exons as well as in the whole genes inwbedtegories such
as 0%, 0%-1%, 1%-10%, 10%-50% and >50%. In additiorestienated
the genome-wide N% for introns, exons, genes and genongegetan
overview of the sequencing, assembly and annotatiditige@f each ge-
nome. We defined the first two and the last two rotades of each intron
as donor- and acceptor-splice pairs and computedadperion of introns
with canonical pairs (GT-AG) and non-canonical pég., ATAC) for
a given genome. To measure the sequence conservatios, sgereol-
lected the data from the UCSC Genome Browser (higes:/
nome.ucsc.edu) and took the average values of dbiephastCons and
phyloP scores for each site within given introns andexXor five model
organismsWe analyzed the guanine-cytosine content (GC congertt
pyrimidine content for all elements and only the unigiabus portion of
sequences was taken into account during the caloulafim scale some
features to their genomic baselines, we computed thdasthiscores of
size GC content and pyrimidine content for introns andnexdased on
the observation of the distributions of intron sizes ifew representative
genomes, we classified all introns into two groups basetheir sizes
such as small introns (<=100@) and large introns (>1000 bp). In partic-
ular, we examined two categories of introns withemie sizes including
super small introns (<=100 bp) and super large introB8Q80 bp) in
order to discover the genomes with peculiar intron siésdivided all
introns into three groups such as 5'UTR, CDS and 3'UtBrding to the
relative position of intron to the coding sequencthimtranscript and for
CDS introns, we further categorized them into thrieesses including
phase 0, phase 1 and phase 2 depending on the paditidron in the
three codon positions. To associate each intron véthdst gene, we la-
belled genes based on the size and number of the sninah the gene
carries such as intronless genes, single-intron genes, supd#+intron-
containing genes, super-small-intron-only genes, small-irtomiaining
genes, small-intron-only genes, large-intron-containingeggelarge-in-
tron-only genes, super-large-intron-containing genessamper-large-in-
tron-only genes. We used “Intron Index Position” and “Intron Base Posi-
tion” to characterize the relative position of each intron along the direction
of transcription when the rank and distance weresidened. In order to
generate the sequence logos for introns surroundmgpilice sites, we
employed WebLogo 3.6.0 to draw the sequence feat@ifesiokinds of
nucleotides for all introns (50 bp), small introns (g9 and large introns
(100 bp) separately with regards to the donor spites and acceptor
splice sites (Crooks, et al., 2004). Based on the ne&d® criterion, we
produced images for all introns from genomes that laaveast 100 in-
trons with size >=50 bp, and used the top 1000 intréressfnallest 1000
introns or the largest 1000 introns) for small intronkgge introns from
genomes that have >=2000 introns with size >=30 lphanbor >=1000
introns with size >=100 bp. Moreover, all sequencek afhbiguous nu-
cleotides were filtered out before the productiothefimages. To facili-
tate the comparison among genomes, all organisms were aktigriax-
onomyIDs and names based on the taxa annotation data froNCiBE
taxonomy database (https://www.ncbi.nim.nih.gov/taxonjomy

3 Results

The current release of IntronDB is composed of 5 sathhlases that cor-
respond to the respective original Ensemble resouragspl@nentary
Fig. S1) For each sub-database, the entries have been omjamiadour
groups such as genome, gene, exon and intron anebébr group we

loaded one text file into a table in the back-engSKIL database so that
all the data are viewable from the front-end browsex timely manner.
For instance, the genome section provides a genenalagstof all the
important attributes based on the primary definitionsahdnced gene
categorizations over a genome scale as well as the stdtisteasure-
ments of the attributes from each intron, exon or gech as mean, stand-
ard deviation, minimum, the first quartile, medigme third quartile and
maximum. Besides, tHEomparé& module provides a way to compare the
features between two genomes. For intron, exon and ggtt®n, the
browsers have two layers in the structure where theléiyer displays the
selected brief information about each entry in a pagh as identifier,
location, strand, start, end, GC content, and trgptsicki which allows to
compare the properties of different entries at a tand,the second layer
shows all the calculated values for each specific etitig worth noting
that for intron section the fields include sourcec&ename, intron ID,
location, strand, intron start, intron end, intsize, intron GC (%), intron
pyrimidine (%), intron N (%), intron donor-acceptor seligair, intron
type, intron phase, intron index position, intron bpesition, transcript
ID, intron number and intron rank. The highlighttbé functionalities is
the “gallery” section, which provides five groups of graphical presenta-
tions within a rational layout (Supplementary Fig-%l1). The first group
explores the statistical properties of basic genorai@meters using a
wide range of chart types such as density plot, barptplot and pie
chart. The second group produces the scatter plotsooféwomic varia-
bles with the binning techniques in order to rewkelr potentially com-
plex relationships or correlations. The third groupestigates the scatter
plots of compared genome-wide features among a numbgenaimes
from an evolutionary perspective through the intrdiducof taxonomic
ranks of each organism. The fourth group compares meamsagtandard
deviation of all available attributes across a grogemomes. The fifth
group illustrates the logo of sequence features witterintronic regions
surrounding the exon-intron junction based on theipielalignments of
nucleotides, enabling the discovery of the significgoiicing signals and
the comparison between small introns and large intromsganome in
terms of regulatory elements. The representative protaling datasets
for genomes, transcripts, exons and introns alongsidethdttlat files
containing information about all transcripts withonydiltration for tran-
scripts, exons and introns are downloadable in the dodrdeetion. In
the next release, our plans include enriching thgses of introns by inte-
grating the intronic data from non-coding RNAs andvjting a more
flexible and customized interface for users to perftim analysis and
visualization of user-defined group of attributes.
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