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Motivation and objectives

RNA deep-sequencing (RNA-Seq) has been rev-
olutionizing eukaryotic and prokaryofic franscrip-
tome analyses. Next-generation sequencing
platforms allow one to sequence all RNA species
in an organism within a couple of hours to days,
and so keep accumulating massive amounts of
franscriptome data. However, the bioinformatics-
based analysis of this data is lagging behind.
Very often, transcriptome features such as fran-
scription start sites (TSS) and novel NncRNAs are
still manually annotated, which is laborious and
fime-intensive. The problem is compounded for
comparative transcriptomics of several species
within a genus. A comparative approach would
allow for refining the transcriptorme annotation of
the individual species by infegrating the informa-
fion frorn multiple species. This would not only
lead to much better transcriptome and genome
annotations but can also reveal differences in
gene expression among species.

However, due to differences between the
genomic architectures of the genomes, which
are the result of insertions, deletions or genomic
rearrangements, a direct comparison of RNA-
seq data is infeasible.

Here we present two complementary ap-
proaches to solve this problem. Firstly, we de-
veloped the SuperGenome algorithm, which
computes a common coordinate system for
all genomes in a mulfiple alignment (Herbig et
al., 2012). The SuperGenome can be utilized for
comparative analyses such as gene expression
analysis, promoter sequence comparison or
SNP calling. Furthermore it can be used for the
comparative detection of TSS for which we - sec-
ondly - developed an automated TSS prediction
method for dRNA-seq experiments (differential
RNA-seq, Sharma et al., 2010).

Methods

For the construction of the SuperGenome first
a multiple genome alignment using Mauve

(Darling ef al., 2004) is computed. Based on this
alignment, the SuperGenome as a common
genomic coordinate system and a mapping of
each position of each single genome 1o a po-
sition in the SuperGenome is calculated. Next,
all genome-specific data can be mapped to
the common coordinate system, which includes
genomic annotations or sequence information
but also expression values derived from mapped
read data, thus making a direct comparison of
these data possible.

Our automated TSS prediction approach
consists of several steps: first an initial detection
of 1SS in each genome (species) used in the ex-
periment is conducted. Here, positions are loca-
lized, where a significant number of reads start (in
comparison 1o local background). To evaluate if
the reads starting at this position originate from
primary transcripts, the enrichment factor is cal-
culated by comparing the data from the stand-
ard library with a library that has been treated
with terminator exonucleases (TEX), which spe-
cifically degrades processed RNAs with a §-mo-
no-phosphate (Sharma et al., 2010). For all posi-
fions where these values exceed the thresholds
a 1SS candidate is called. In the next step the
TSS candidates of each species are mapped
fo the SuperGenome to assign each 1SS to the
corresponding TSS in the other species. Finally, all
TSS are then characterized on the SuperGenome
level with respect to their occurrence in the dif-
ferent species.

Results and discussion

Here we present the application of our
SuperGenome approach and TSS prediction
method to an RNA-seq experiment using four
Campylobacter jejuni strains.

Mapping of RNA-seq data into the
SuperGenome allows for a direct comparison of
expression patterns among the four strains, e.g.
for a visual comparison in a genome browser
(Figure 1). In combination with our 1SS prediction
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Figurel. Visualization of RNA-seq expression data of four C. jejuni strains. The graphs have been projected into the SuperGe-
nome coordinate system (bottom). A: Expression pattern indicating a TSS that is conserved in all strains. B: Expression pattern
showing a TSS that is only conserved in two of the strains. A close-up view of the respective promoter region is shown on
the left. C: Alignment information from the SuperGenome reveals a SNP in the promoter region, which possibly induces the

strain-specific expression pattern.

method, we are thus able to identify TSS in sev-
eral species simultaneously and classify on the
SuperGenome level whether they are detected
in all strains (Figure 1A) or whether they are spe-
cific for only a subset of strains (Figure 1B).

Genome-wide application of our automated
TSS prediction resulted in the annotation of more
than 3000 TSS of which more than 1000 were de-
tected in all four strains.

In addition, the SuperGenome allows for a
comparative analysis of promoter regions relat-
ed 1o the detected TSS. By this means, variations
in the promoter sequence can easily be iden-
fified potentially explaining differences in the
franscriptomic architectures of the investigated
organisms (Figure 1C). Combining these informa-
tion can help 1o elucidate novel mechanisms of
franscriptional regulation and explain phenoty-
pic diversity, e.g., in the context of pathogenicity.
Overall our high-resolution transcriptome map
revealed regulatory elements and their conser-

vation in multiple C. jejuni strains on a genome-
wide scale.

In summary, our TSS prediction procedure in
combination with the SuperGenome provides a
novel approach to comparative analysis of RNA-
seq data, facilitating the cross-genome annota-
fion of franscriptome features such as TSS maps
and promoter regions.
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