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1 INTRODUCTION
Retinoic acid (RA) is a derivative of Vitamin A that is essential for
vertebrate growth and development. RA regulates the expression
of target genes when it binds to a heterodimer of a general receptor
(RXR) and an RA-specific receptor (RAR), binding to motifs called
Retinoic acid response elements (RAREs) [2, 3]. Early observations
of this motif identified a perfectly conserved 6-mer direct repeat
(DR) of AGGTCA separated by a small number of nucleotides [3].
Later analysis revealed additional variable points, resulting in a
RAREmotif represented as a repeat of (A/G)G(G/T)T(C/G)Awith a
spacer of 1, 5, or 8 nucleotides [2]. Further, RXR is known to interact
with other binding partners such as the Vitamin D Receptor and
the Thyroid Receptor via this motif [1]. In this work, we investigate
the distribution of the exact repeats that comprise the RARE motif
in sequences immediately upstream of zebrafish genes.

2 METHODS
We examined the promoter sequences of the zebrafish transcrip-
tome 1Kb upstream of each of the 65,171 genes in the danRer11
(GRCz11) reference genome. We searched for 17-mers that con-
tained a 6-mer prefix and a 6-mer suffix with five wildcard nu-
cleotides in between. For each prefix and suffix, we looked for all
possible combinations the 6-mer RARE motif reported in previous
work [2], totalling 64 different prefix/suffix combinations in the
17-mer.
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267 Zebrafish Motifs
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aggtca aggtga agttca agttga gggtca gggtga ggttca ggttga Grand	Total
aggtca 6 7 3 1 2 3 1 0 23
aggtga 2 2 5 1 6 6 0 0 22
agttca 3 1 43 7 0 6 7 3 70
agttga 3 4 10 17 6 0 3 1 44
gggtca 4 2 2 3 10 0 20 1 42
gggtga 1 0 11 4 7 4 2 2 31
ggttca 1 3 8 0 5 0 0 2 19
ggttga 0 0 0 4 1 4 4 3 16
Grand	Total 20 19 82 37 37 23 37 12 267
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Figure 1: The variable RAREmotif. A:Weblogo of RAREmo-
tif instances found 1Kb upstream of zebrafish transcripts. B:
Table of the number of (prefix,suffix) pairs for each of the
64 motif combinations.

3 RESULTS AND DISCUSSION
We identified a total of 249 genes that contained at least one instance
of a RARE motif in the promoter sequence. Of these, 243 (98%)
genes contained a single motif, and the remaining genes contained
multiple 17-mers, totalling 267 instances of the motif (Figure 1A).
The information content of the 5-mer span between the prefix
and suffix is quite low despite the prevalence of T’s. Strikingly,
one gene (XR_661516.3) contained ten exact 17-mer repeats of
GGGTCAGTGTGGGGTCA, which includes a conserved middle 5-mer.
XR_661516 is an uncharacterized RNA transcript (LOC103911034),
and its expression in the presence of RA has yet to be explored.

We then examined the distribution of (prefix,suffix) pairs in the
17-mer instances (Figure 1B). Thirty-one percent of the instances
are DRs (diagonal), but this varies by the specific 6-mer. Two of
the eight 6-mers are most commonly found as DRs, whereas the
other 6-mers have variable (but non-random) patterns. We plan
to interrogate existing RNA-seq data to investigate whether this
(prefix,suffix) variation is biologically relevant to RA signaling.
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