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Ribosome Proﬁling (Ribo-seq) provides genome-wide information about translational regulation. It
can identify many features aﬀecting translational quality, such as ribosomal pauses, dual coding
regions, translation start sites at AUG or non-AUG codons, translation of non-coding RNA and
translational ambiguities. Here we describe RiboTools, an eﬃcient Galaxy package to helps
manage primary analyses of Ribo-seq data and addressing common issues, such as the identiﬁcation
of translational ambiguities, or of stop codon readthrough events, and the codon occupancy of
ribosomal A, P, and E-sites.
RiboTools requires that ribosome-protected fragments (footprints) have already been mapped to
a reference genome resulting a sorted BAM ﬁle. Feature annotation (GFF3) and genome sequence
(FASTA) are required to focus the analysis to the translated parts of genome. Footprints are 28-30
nucleotides long and their 5' end shows a triplet periodicity.

Kmer tool: choose the best footprints
Depending on the organism studied
and
sample
preparation,
the
footprints may be in any frame.
Kmer tool calculates the number of
footprints in each frame, for each
transcript in the GFF3 ﬁle.
The kmer tool helps to determine:
i) the distribution of footprint lengths
ii) the percentage of footprints in
each reading frames for a given
length. This is based on the position
of the 5' end footprint in the BAM
ﬁle.

Frame in all genes

Distribution of 28-mer footprints within the
three reading frames in all genes on a yeast
[PSI+] strain.

Stop_supp tool: get readthrough events
Stop_supp is designed for the
detection of genes potentially
displaying stop codon readthrough
events. This tool searches for
footprints in 3' UTR regions. For all
transcript, Stop_supp looks for
footprints after the annotated stop
codon and checks whether all the
criteria
(footprints
after
the
annotated stop and in the next inframe stop, no methionine in the
next ﬁve codons and homogeneous
coverage of the extension) are
respected.

Stop readthrough in twinstar gene on Drosophila
melanogaster. Two ﬁrst panels are global gene
organisation and footprint coverage respectively.
Last panel displays a zoom to the stop
readthrough extension coverage.
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Density of coverage of the A-site position by footprints for the whole yeast
genome, 50 bases on either side of the start (AUG) and stop (UAA) codons

Frame tool: translational ambiguities
Frame is used to detect genes with
translational
ambiguities
(i.e
footprints in diﬀerent phases).
Frame uses the footprint size
deﬁned by the user with Kmer,
corresponding to the footprint
population with the best triplet
periodicity. Frame uses these
footprints to identify transcripts for
which the proportion of out-offrame footprints is higher than
expected (cut-oﬀ parameter).

Result of Frame tool on ABP140 (yeast), a known
+1 frameshifting gene, with an eﬃciency of 30%.
Three ﬁrst panels represent Ribo-seq coverage in
each frame. Last panel represents distribution of
stop codons (red) and AUG codons (green) in
each reading frame.

Codon tool: get codon occupancy
The codon_density tool determines
whether codon occupancy diﬀers
between two conditions (with a pair
of bam ﬁle, or more in case of
replicas). To identify A, P or E
ribosomal sites, the user selects the
length of footprints to be used and
the position of the A-site (the P and
E sites are deduced from the
position of the A site). The A-site is
generally estimated to be 15
nucleotides away from the 5’ end of
the footprints.
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Ribosomal A-site occupancy in two isogenic yeast
strains. Codons are grouped by amino acid. We can
see that stop codons are more frequently found at
the A-site in [PSI+] than in [psi-]. This demonstrates
that termination process is less eﬃcient in presence
of [PSI+].

Conclusion
The methods provided by RiboTools[1] are designed for the accurate analysis of k-mer length distribution, translation ambiguities and
translation readthrough events. They evaluate codon occupancy at a speciﬁc ribosome site using Ribo-seq data.
All RiboTools require on BAM ﬁles from classic mappers and GFF3 annotation (GTF soon accepted). RiboTools could be used on any
organism, if a reference genome and its annotation are available. We recently used RiboTools to analyse the translational impact of the
[PSI+] prion in yeast[2].
In order to help the complete analysis of Ribo-seq data, we provide a public history for pre-processing, with one million footprints for yeast
on the Galaxy main server to use as an example: https://usegalaxy.org/u/rlegendre/p/riboseq.
RiboTools is available from the public Galaxy test ToolShed repository for share it across all Galaxies.
RiboTools is also available on RiboGalaxy, a dedicated Galaxy server to Ribo-seq data.
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