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Abstract — Auxin is a key phytohormone which controls
various aspects of plants growth and development. Basic
mechanism of auxin signal transduction was broadly studied;
however, it is not sufficient to explain the variety of auxin-
mediated transcriptional responses. We proposed a hypothesis
that upstream regulatory regions landscape provide the
diversity of auxin responses.
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Introduction

Phytohormone auxin regulates plants growth and
development in a specific manner. Auxin responses are
implemented via auxin response factors (ARFs) which bind to
TGTC-containing auxin response elements (AuxREs) in
upstream regulatory regions of auxin-responsive genes.
However, the signaling beyond ARF-dependent response in
largely unknown. Non-ARF transcription factors were shown
to be involved in auxin-mediated processes regulation [1], but
systematic study of the phenomena is still required [2].

Meta-analysis of biological data is widely used nowadays
to perform systematic study of different cases. It can be
applied to the big data in omics, like transcriptome,
metabolome and proteome profiles, etc. Nowadays thousands
of transcriptomes are publicly available, many of these study
the same phenomena providing the material for the
identification of cis-regulatory elements associated with
differential expression of genes under specific conditions.
Prediction of cis-regulatory elements associations, in turn,
leads to the investigation of potential transcription factors
related to the process of interest.

Results

We developed an R package metaRE which provides
search for the cis-regulatory elements of a particular structure
enriched in the promoters of differentially expressed genes in
response to a stimulus [3]. Meta-analysis of multiple
expression profiles provides identification of cis-elements
associated with gene up- or down-regulation in response to a
stimulus. Meta-analysis of 21 auxin-induced transcriptome
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datasets was performed to search for single and bipartite
elements enriched in upstream regulatory regions of
Arabidopsis auxin-responsive genes [3]. A list of cis-
regulatory elements associated with auxin up- and down-
regulation in early or late response was identified.
Interestingly, the most highly overrepresented cis-elements
were bHLH- and bZIP- binding sites and AT-rich sequences.
For 40 genes driven by the regulatory regions with predicted
bipartite elements auxin-inducibility was supported by qPCR.
Functionality of six predicted bipartite cis-elements was
studied on reporter lines which genomes contain GFP driven
by intact promoters of genes and promoters with mutated
predicted bipartite elements. Functionality of four predicted
bipartite elements was confirmed. Two of these are located in
the upstream regulatory region of one gene in close proximity
forming cis-regulatory module. We experimentally identified
interactions of this regulatory module with transcription
factors and tested interactions of these with ARF1 and ARF5
proteins.

Diversity of single and bipartite AuxREs was described
and annotated. For some of the predicted cis-elements relation
to auxin transcriptional regulation was shown first time.
Mechanism underlying two bipartite elements functionality
was studied in more detail.
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