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PRAFERCA DR ABRLIZ I T 28 Un FRBIFE DO 2Rz rIH k272012, 77 A X F_ LD EGFP B {50 Liftic H D
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TgaHWET veAICLY, AT oA=L Ebox & AP-1 EF— 70808+ 2 Z LIC KV iFEHILT 2 2 E RO E
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Tissue regeneration is one of challenging mysteries of life science. Injury triggers a genetic program and
induces gene expression for regeneration. Recently, identification of the regeneration-response enhancers
(RRE) has been reported in zebrafish and other species. Analyses of the zebrafish leptin b (lepb) and
inhibin beta a (inhba) enhancers have suggested that activator protein 1 (AP-1)-binding motif is crucial for
the enhancer activity. However, as AP-1 signal is involved in a variety of biological processes, it remains
elusive whether only the AP-1 signal is sufficient for regenerative response. Here, we show that E-box
motifs cooperates with AP-1 for functioning as a complete RRE. From comparison of genomic sequences
around the regeneration-response genes in zebrafish, we realized there are several highly conserved
sequences of 300-500 bp. These sequences were found to be derived from transposable elements (TEs)
splashed in zebrafish genome. By transgenic (Tg) assay, two of them displayed the RRE activity only if
they combined with -0.7kb fnlb promoter. In addition, a short non-TE genomic region was also found to
function as a standalone enhancer with a minimum promoter. Searching for transcription factor-binding
motifs suggested that E-box and AP-1 motifs are commonly contained in these regions. Indeed, we showed
that the E-box repeat sequence displays the regeneration response with -0.7kb fnlb promoter or AP-1
repeat, proving that the E-box and AP-1 combination is the entity of the RRE. Further analyses showed that
the E-box/AP-1 RRE is activated by injuries in a variety of tissues, and that it also functions beyond
species in the Xenopus limb bud regeneration. Our findings revealed that the regeneration program is
faithfully regulated by two activating signals to ensure its proper control. Regeneration capacities may be
shaped and maintained during evolution by a huge pool of potential enhancer motifs splashed by
transposons in the genome.

Conference presentations
Tamaki, T.*, Shibata, E., Kawakami, A. Enhancer elements for tissue regeneration in zebrafish. 52th Annual
Meeting of the Japanese Society of Developmental Biologist, 14th March, 2019, Osaka, Japan.

Tamaki, T.*, Kawakami, A. Mechanism of gene induction in response to regeneration in zebrafish fin. 53th
Annual Meeting of the Japanese Society of Developmental Biologists, 21th March, 2020, Kumamoto, Japan.
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