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Structural heterogeneity of the EIN3 binding site affects the characteristics
of transcriptional response to ethylene in Arabidopsis
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Motivation and Aim: ETHYLENE INSENSITIVE 3 (EIN3) transcription factor is the key transcriptional
regulator of ethylene response. It activates target genes transcription upon binding a short sequence in their
promoters called EBS (EIN3 binding site) [1]. EIN3 is able to bind DNA as a homodimer and as a
heterodimer [2]. It is possible, the nucleotide context at the flanks can determine the protein binding mode
forming EBS structural variants. In turn, a variety of structural variants can provide variability of ethylene
transcriptional response. However, genome-wide studies of the EBS architecture have not been conducted.
Here we performed a systematic bioinformatics analysis of the EIN3 binding site architecture and its role
in the regulation of the EIN3-dependent transcriptional response to ethylene.

Methods and Algorithms: We analyzed publicly available ChIP-seq data on EIN3 binding and RNA-seq
data on ethylene-induced transcriptomes for 1, 4 and 12 hours of ethylene treatment [3]. For motif analysis,
we used Homer [4] and MCOT [5]. To associate EBS structural variants with EIN3 binding and response
to ethylene we performed Fisher’s exact test.

Results: We discovered three structural variants of EBS in EIN3 ChIP-seq peaks. (1) 2EBS(-1), a head-to-
head EBS repeat with 1 bp overlap; (2) GC-EBS, monomeric EBS flanked with GC-rich tract upstream the
core EBS; (3) TEIL-like EBS, monomeric structural variant similar to the binding site of EIN3 homolog in
tobacco. We found genes containing each of them in promoter. Using EIN3 ChIP-seq binding data, we
found that only 2EBS(-1) was stably bound with EIN3. Using ethylene-induced RNA-seq data we found
that of all structural variants only 2EBS(-1) was strongly associated with the ethylene response.
Conclusion: The results obtained indicate that 2EBS(-1) is the main structural variant of EBS, providing
the most pronounced response to ethylene. Whereas GC-EBS and TEIL-like EBS can mediate more specific
ethylene-related reactions.
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