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Background and objectives

Enhancers are key regulators of the spatio-temporal coordination of gene expression, in particular during development. Their regulatory effect is mediated by the
binding of transcription factors (TFs), which interact with target gene promoters through 3D-loops over long distances (2kb-1Mb). While enhancers have been
identified as key players in the wiring of developmental gene regulatory networks in mammals, this question remains largely unexplored in plants. Transposable
Elements (TEs) of various superfamilies have been proposed as a source of new cis-regulatory elements in plants and animals, but whether they contribute to the
emergence of tissue-specific gene regulatory networks in plants remains to be fully elucidated.
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Here, we investigate the enhancer-driven regulatory network of two maize tissues at different stages: leaves at seedling stage (V2-IST) and
husks (bracts) at flowering. By integrating enhancer, transcription factors binding sites (TFBSs) annotation and mRNA-seq data using a
systems biology approach, we model the regulatory relationships between TFs and their potential target genes, and identify regulatory
modules specific to husk and V2-IST. This allows us to tackle two main questions: What functions are regulated in a tissue-specific
manner between husk and V2-IST, and what are the molecular players (genes, TFs, enhancers) involved? Do transposable elements
contribute to enhancers and which biological function do they regulate?

Data and methods Transposable elements are a source of TFBS
Husk and V2-IST data (Oka et al., 2017 — Genome Biology ) sequences In tissue_speciﬁc enhancers
Transcriptomes Enhancers TE annotation _ ,
Analysis at the superfamily level :
+ additional data on Annotation of TFBS Analysis at the order level : I R |
13 tissues and pOtentiaI TE/enhancer ] None B LINE B Helitron o | '
target genes overlap = Muliple m TIR [;TL“(: T
m TR @ MTE e
. RLG 1 ¢ @ .
Co-expression analysis / \ Ve=Iol | [_-.:l ALX | .
Feene TR ? ¥ Husk t Husk enhancers are % =2 L= & 9
? OTO 0?2 Ot4 0?6 0.8 110 enl’iChed in MITES VZ_lST enhancers are enriched
Proportion of overlapping enhancers :
Genes | _ R \ A iIn Mutator DNA transposons
12345 Expression 7
0 1 . ] \ ‘ B .
g —7- —1 Closest TFBS motifs
—p +—) : '
2 2 \ 250kb 250kb/ 200 ; nA. thaliana:
= n | | MITEs overlapping AAAIIA TIQTTTI HB-like TFs Mutators overlapping V2-IST
Construction of prior husk en.hance.rs A hTenallr wysdike 1F enhancers are enriched in TFBS
gene regulatory network are er.mched in el I8l ke rs from the AP2/ERF family
Construction of Represents all
. o pOSSib|e small molecule biosg:;r;zg: _Oadszl-qgtio ‘
tissue-specific Connections Target genes of —— Target genes of - .
networks » between TEs and husk enhancers protein localization ; e - V2-IST enhancers o mtbl‘; ®::
(NETZOOPY‘ https://netzoo.github.io/) their pOtentiaI Overlapping M ITES . 3.5 ove rlapping organonitrogen c.:ompound | °
\_ target genes/ with the MYB-like ~ ipidmodiicaton @ +0 O MULGEOr ar€  wgamontvogen compouns :
TFBS are enriched enriched in _:rgamc;bstance
Extract connections Enhancer potential  jn mature leaf SHIERERpIRE ® NItrOZEN-StOrage  gumeacs oo o
between enhancers target genes functions o i 3 related fUNCLIONS oot "
and target genes Co-regulated genes e e e
modules
Tissue 1
Tissue-specific regulatory modules highlight
different blologlcal functions in husk and V2-IST
Compare networks '*ﬁ ‘:" 9 shared T ..
Non-target gene for tissues of interest TISSUE;SPIECIfIC V2-IST A ',_. a‘:f o g i modules "%éé:’* i 8 Al Husk
Target 5 moduies s - R e
\_ EmTmeene ) (huskand V2-IST) mmatureand TN - by Yo Mature and
. . £ N L S A ,. PR ’o;.':-'v'_ - . .
*TFBS: Transcription Factor Binding Site growing tissue ~l ;,:':%’ \L ¥ %':f“ f.?\',-}*-:'._,_-’} '-.,'"':‘??;{.-,r}'-' differentiated
wrd e R T W/ - tissue
V2.1 Ry 1
Hormone response * ';" ' .. :o ;..
(BRR/BPC) T ) gl
T " HL2
V2.2 .
Heterocyclic compound binding
Cellular macromolecules (AP2/EREB)
biosynthesis s
(APZ/ERF) ress response
Fundings and support
amaizing
unlver5|te

PARIS-SACLAY

\SS
& “'4:, EEEEEEEEEEEEEEEEEEEEEEEEEEE R
° AVEN G

www.amaizing.fr


mailto:clementine.vitte@inrae.fr
https://netzoo.github.io/

