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With the new generation of sequencing (NGS) technologies, bacterial and archeal genome projects now combine deep genomic sequencing with a variety of transcriptome libraries (see
[1] for example). The transcribed sequences generated by deep sequencing can contribute to prokaryotic genome annotation by the elucidation of gene structural features, including
transcription start sites (TSSs), 5 and 3" UnTranslated regions (UTRs), and the identification of non-coding RNA (ncRNA) genes. In the recent sequencing of bacterial and archeal
genomes, the annotation has still been done manually due to the lack of appropriate tools to integrate RNA-Seq data [2]. Indeed, most existing prokaryotic gene finders [3] or higher level
bacterial annotation system [4] are based on genomic sequence analysis and do not take into account available expression data in the structural prediction.

Here, we present EuGene-PP (EuGene-Prokaryote Pipeline), a fully automatic and generic bacterial annotation pipeline capable of producing a qualitatively enriched structural genome

annotation.
We recently adapted the eukaryotic gene finder EuGene[5] to the specific requirements of gene
| identification in prokaryotes. We used this extended EuGene version to annotate the genome of the
TS5 Antisense NCRNAs bacteria Sinorhizobium meliloti (Sm) strain 2011. This raw annotation was then submitted to manual
194400 195200 196000 196800 197600 checking, leading to the prediction of 6 308 CDSs as well as 1 940 ncRNAs[6]. Based on this
ISMc02845  SMc02846 Mc06054 gyaR experience we developed EuGene-PP to propose a prokarotic fully automatic annotation pipeline.
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EuGene-PP annotation process

EuGene-PP has a simple fully automatic use, minimal requirements
- a directory with genomic seqguences,
/ i / - a directory with evidence files (fastq, fasta, wig, bed format allowed)

v - a key/value configuration file

For each genomic sequence >1s —-R 1nputdir

inputdir/data:

Seq (Fasta) // Sm 1 seqg GGK-37.fastqg.xz Sm-GGK21.ope.l.fastg.gz
l Sm 2 seq GGK-37.fastg.xz Sm-GGK21.ope.Z2.fastg.gz

inputdir/genome:

seqgl.fna seqg2.fna

For each transcript evidence X
For each protein >egn-prok.pl --indir $PWD/inputdir --outdir $PWD/outdir --cfg egnpp.cfg
database P Oriented RNAseq library Bed[pe]
Y single-end/paired-ends Gl 51 R Y
; Prodigal (Fastq/Fasta) S Thooutdir
/ ProtcilFr;gia)base / _ F, seql.gff3 seqg2.gff3 sequences.gff3 sequences prot.fna
¢ sequences.general statistics.xls sequences.statistics per gene.xls
Mapping (glint)
BlastX Seq.prodigal.GFF3 .. - JIE el
| __. \/ | All training procedures required for gene finding are performed inside EuGene-PP. The
jikseeciigeonsenation pipeline is able to manage genomes with peculiar replicons (e.g: strong GC% bias
Seq.blastxP.GFF3 compared to the rest of the genome)

/ Wig file /
Seg.rnaseqgX.bed[pe]
NcRNA

predictors \ 4

EuGene Training EuGene-PP integrates various sources of evidence

» High throughput strand-specific RNA-Seq data
» Intrinsic information provided by coding potential (Interpolated Markov Models)
» Stop and Start codon analysis (using a dedicated RBS alignment tool)
» Similarities with known proteins (SwissProt by default)
» (Gene prediction results:
» High quality CDS predictions (Prodigal [3])
» NCRNA predictions (tRNAscan-SE, RNAmmer and Rfam-scan software)

Manage expression

(tRNAScan-SE, --min_coverage 3
Rfam-scan, --scoremax 1
Rnammer) '

Transcription start
detection

Reference
protein
database

EuGene training Seq.rnasegX.position.GFF3

: Seqg.ncrna.GFF3

Seq.rnasegX.tStart.GFF3

Time consuming task are parallelized via Paraloop software [/] (SGE -cluster,
multiprocessor system).
It takes 12 hours to annotate the S meliloti genome (6.7Mb) with 19 RNAseq libraries

EuGéne mode Prokaryote (~476M reads)

EuGene-PP is written in Perl and is distributed under CeCILL license. It encapsulates
Seq.annotation.GFF3 / the C++ annotation tool EuGene (Artistic license). EuGene-PP will be soon available at
http://eugene.toulouse.inra.fr
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