Crossing genome and transcriptome: deciphering links
between structure and function in Arabidopsis thaliana genes
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Abstract: One of the challenges of bioinformatics today is to cross and analyse data differing in
type, origin and quality in order to increase our knowledge on genomes. We have developed an
information system focused on the model plant Arabidopsis and allowing the improvement of the
functional annotation of genes by combining transcriptome and structural data.
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1 Introduction

Since the sequencing of tieabidopsis thaliana whole genome 8 years ago, gene annotation
has been improved through several releases takiwgnéage of resources as like as expert
curation, new genome availability, transcript semireg projects and gene prediction software
improvement. In parallel, several transcriptomi@atfrms based on DNA chips have been
developed and they now give access to several dhdssof transcriptomes [1,2]. Nevertheless,
only 14% of the Arabidopsis genes have a biologioattion that was experimentally assessed
while around 20% of genes remain without any fuorai information. In the context of functional
genomic projects for plants, we have developed databases for the management of genomic
(FLAGdb™, [3]) and transcriptomic data (CATdb, [4]). Thisfarmation system allows us to
integrate, through holistic approaches, gene maaisexpression profiles in order to improve the
genome annotation and to decipher relationshipsdeet the organization, evolution and function
of Arabidopsis genes.

2 Results

A combined approach of genome annotation and trgmisznalysis was firstly performed to
identify new genes in the Arabidopsis genome. Psayethe CATMA microarrays were based on
the gene models predicted by the EuGéne softwéi@nfb 677 probes were located within regions
that were considered as intergenic by the offifidlR annotation. The statistical analysis of the
results for more than 500 hybridized samples thsted among 12 organs provided an
experimental validation for 465 novel genes [6]e3& novel genes were characterized by their
small size (encoding proteins with an average ciZ87 aa) and very specific expression patterns.

Another illustration of the advantage to combinenajaic and transcriptomic data is the
characterization of a particular class of gengdants: the unique genes [7]. Despite the maj@ rol
of duplications in genome evolution, all charaaed genomes include unique (single-copy) genes,
i.e. genes without apparent paralog. Mining the EldA™ database, we identified the unique genes
within both Arabidopsis and rice genomes and dieskithem according to the number of
homologs in the alternative species. Unique gete dware structural features. In particular, the
conserved unique gene pairs are characterized t@yatively small protein size, a high intron



density, a rare occurrence of TATA-box and a higlousrence of TELO-box. These structural
features predict these genes as preferentiallyehkesping genes with a slow evolution. Even if no
shared transcription factor binding site (TFBS) te®ndetected in their promoter, the orthology
relationship in Arabidopsis-rice gene pairs waersity supported by a high conservation of their
transcription levels. Furthermore, many unique getave been conserved in single-copy
throughout evolution from Prasinophytes to angiasise indicating that the uniqueness is under a
strong selective pressure. A high proportion ofsssmed unique genes was also observed in other
life phylums and we showed a link between protangeting towards plastids and homology with
bacterial proteins [7].

The expression of mature transcripts is controbgdthe intron-exon structures and by the
TFBS content of promoter regions. Also we haveddtetd a genomic study of the links between the
core promoter architecture and gene function irb&i@psis. Firstly, we identified different motifs
with topological features that are strongly similarcanonical TATA-box features suggesting that
they are functional motifs. Based on theses se@qsenge established a novel classification of
promoters and described links between promoter gisses and the Gene Ontology categories.
Secondly, we focused on the house-keeping geresthie genes expressed in almost all the
conditions and organs, and found that TATA-boxrider-represented in these genes. This atypical
class of genes is also characterized by a compactwe (shorter introns and coding sequences).

3 Conclusion

The CATMA transcriptomes available in the CATdbakstse are fully independent of other
public transcriptome resources. For instance, ntbae 4000 gene probes (including miRNA
genes) are only present on CATMA chips. Using CATMtAis therefore possible (i) to cross-
validate results inferred from other resources 8d (i) to improve our Arabidopsis gene
knowledge through the ‘guilt by association’ stgpte
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