Supplementary note 1: Sorted subpopulations from the eye-antennal disc

To further investigate the decoupling of accessibility and activity of the Grh-enhancers, we
performed ATAC-seq on FACS isolated progenitor cells that were marked by GFP expression
driven by enhancers of the optix gene'. These cells constituted about half of the cells in eye-
antennal discs at the time of harvesting (Fig. 4d). Reassuringly, we found that the Optix2/3
enhancer is mainly accessible in the GFP positive (Optix expressing) sorted cells and not
accessible across the GFP-negative tissue (Supplementary note Fig. 1a). Additionally, we
identified 434 regions that were significantly more accessible (DESeq2 log2FC>0.5,
Padj<0.05) in the Optix positive subpopulation, when compared to the rest of the tissue. The
Optix motif (SIX family, Supplementary note Fig. 1b) was the top enriched motif (i-cisTarget,
NES 19.9) found in 171 of these regions and the Sine-Oculis-ChlP-seq track was the most
enriched track (NES 8.4). This clearly indicates that these regions are indeed specific to the
Optix subpopulation, allowing us to identify potential Optix bound enhancers and their target
genes, like for example enhancers near frazzled and dpp (Supplementary note Fig. 1c). All
potential Optix target enhancers with their target genes can be found in Supplementary Table
4. Their area restricted accessibility is in sharp contrast to the Grh bound enhancers, which
are similarly accessible in the sorted subpopulation compared to the rest of the tissue (Fig.
4e).
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Supplementary note Figure 1: ATAC-seq on sorted subpopulations of the eye-antennal disc (a)
Accessible chromatin profile of the Optix2/3 enhancer for the entire discs (similar for 30 biological
replicates), Optix2/3 positive sorted bulk (2 biological replicates), single-cell aggregate and Optix2/3
negative sorted bulk (2 biological replicates). (b) The top enriched motif (NES 19.9) annotated for Optix
or Sine Oculis, in the 434 regions specifically more accessible in the Optix pos cells. (c) ATAC tracks
with two examples of potential Optix target regions near frazzled and dpp.



Supplementary note 2: Accessible chromatin landscape of larval brains

Intriguingly, except for the Grh target regions, the original accessible chromatin landscape of
larval brains remains intact upon ectopic grh expression (p = 0.96). The exact same motifs are
enriched in the entire accessible chromatin landscapes of control and grh expressing larval
brains, with very similar normalized enrichment scores (Supplementary note Fig. 2a).
Specifically, motifs for the more general Trithorax-like*® factor are again the strongest
associated with open chromatin, followed by motifs linked to the pan-neuronal transcription
factors Lola*, Tramtrack® and Sequoia®, which may play a similar role in neuronal tissues as
Grh in epithelia. As an example, Supplementary
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Supplementary note Figure 2: Accessible chromatin landscape of control and grh expression
larval brains (a) Normalized enrichment scores from i—cisTarget9 for motifs (Trithorax-like, Sequoia,
motif1, Lola and Grh) enriched in the open chromatin landscape of control 3" instar larval brains, 3"
instar larval brains with ectopic grh expression (18h and 24h) and regions that became accessible due
to the ectopic grh expression (log2FC>1, pval<0.05). (b) Tracks visualizing ATAC-seq on control larval
brains (black), larval brains with 18h and 24h grh expression (purple) (ATAC-seq experiments were
done once for each time point) and eye-antennal discs (dark grey, 30 biological replicates), and Grh-
ChIP on eye-antennal discs (dark-red, 3 biological replicates). Genomic loci near the neuronal nerfin-1
and scab genes are shown with predicted Sequoia target regions (blue) and Grh target region (red).



Supplementary note 3: Acute DNA damage-response enhancers in epithelial tissues

We showed in this work that lineage factors, like Grh, are responsible for setting up a large
part of the accessible chromatin landscape of a tissue. Lineage factor target regions were
mainly accessible “primed” throughout the entire tissue, made available for other factors to
bind to generate tissue specific enhancer activity. There are however also other “types” of
enhancers that are, or can be, activated in the cells of the epithelial tissues. To put our study
concerning Grh as a lineage/pioneer factor into more perspective, we also investigated how
the accessible chromatin of the cells in our tissue changed in response to acute damage,
caused by ionizing radiation.

We irradiated (40 Grey) 3" instar larvae of 15 different DGRP strains and performed 2 hours
later ATAC-seq on the eye-antennal discs. We then compared the ATAC-seq profiles of eye-
antennal discs after irradiation with the profiles of eye-antennal discs without radiation
(Supplementary note Fig. 3a,b). Using DESeq2 we identified a relatively low number of
regulatory regions that gained accessibility upon acute DNA damage. In total, we identified
only 186 regions in the open chromatin landscape of eye-antennal discs that reproducibly
gained accessibility (log2FC > 0.5, Padj < 0.01) after ionizing radiation.

Using the motif enrichment tool i-cisTarget®, we identified some interesting motifs that were
specifically enriched in these DNA damage responsive enhancers. The most enriched motif
belonged to the AP-1 family of transcription factors (Supplementary note Fig. 3a), known to
be generally activated in cells when they experience stress. The arguably most interesting
motif, identified in 28 damage induced enhancers, was for the well-studied transcription factor
and tumour suppressor protein p53 (Supplementary note Fig. 3b). Using public microarray
data'®, we confirmed that the expression of p53 was also significantly upregulated upon
irradiation (log2FC=1.1, Padj<0.03). Interestingly, these AP-1 and p53 bound enhancers were
strongly associated with genes that are upregulated upon acute DNA damage caused by
ionizing radiation'® (Supplementary note Fig. 3c), suggesting that they are active enhancers.

Recent studies have demonstrated that for p53 responsive enhancers, p53 binding alone is
sufficient to activate the enhancers without the requirement of other TFs to bind"! and that p53
functions as a pioneer factor, capable of directly engaging and opening its target regions.
We can recapitulate the functions of p53 in the irradiated cells of our epithelial tissue. Though
the large majority (>96%) of accessible regions in our tissues did not change upon acute DNA
damage, p53 target regions became specifically accessible and activated the expression of
nearby target genes.

Compared to the Grh target enhancers, these p53 responsive enhancers function differently.
Both transcription factors have pioneering capacities, yet p53 is also capable of directly
activating its target enhancers (fast response) while Grh is rather empowering a large group
of regulatory regions (lineage factor), that seem to mostly require additional TFs to bind for
activation. Investigating the effect of acute DNA damage on chromatin accessibility has
allowed us to identify, in the same tissue, different types of regulatory regions that function
and are activated by different mechanisms.
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Supplementary Note Figure 3: Open chromatin changes in response to acute damage, caused
by ionizing radiation (a) Motif for the AP-1 transcription factor with two induced AP-1 target intronic
enhancers of puckered, a damage response gene that gets induced 2-fold. (b) Motif for the transcription
factor p53 with an induced p53 target enhancer upstream of eiger, a gene upregulated 6.68-fold upon
irradiation. (c) Gene Set Enrichment Analysis of the 62 potential target genes (black bars) of the p53
and AP-1 target regions (5kb upstream or intronic) on the gene ranking (10484 genes ranked by
Log2FoldChange) of irradiated discs versus their controls. Genes that are upregulated upon irradiation
are on the left (red) and genes that are down-regulated are on the right (blue).
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Supplementary Tables

Supplementary table 1: Origin of the 18832 motifs

Source Reference Organism(s) Type of motif # motifs in v1.4
Bergman (Down et al., 2007) Drosophila Curated (FlyReg) 62
C2H2-ZFs (Greenblatt et al., 2015) Human B1H 64
6523
CIS-BP (Weirauch et al., 2014) Multiple species Experimental (CIS-BP v1.02)
(Elemento and Tavazoie, 2007)
Elemento (Elemento and Tavazoie, 2005) |Drosophila, Human, Mous{Predicted (conserved) om 619
FactorBook (Wang et al., 2012) Human ENCODE ChlIP-seq 82
(Enuameh et al., 2013) 688

FlyFactorSurvey (Zhu et al., 2011) Drosophila B1H, others (e.g., FlyReg) (includes Wolfe)
(Xie et al., 2010)
hPDI (Hu et al., 2009) Human Experimental 437
(Kulakovskiy et al., 2016) 426
HOCOMOCO (Kulakovskiy et al., 2013) Human and mouse ChIP-seq, HT-SELEX, curated (HOCOMOCO v9)
HOMER (Heinz et al., 2010) Multiple species ChlIP-seq, others (e.g. ENCODH 307
iDMMPMM (Kulakovskiy and Makeev, 2009)| Drosophila DNase | footprints, SELEX, B1H 39
(Mathelier et al., 2016) 593
(Lim et al., 2014) (JAPSAR 2014 nr)
JASPAR (Portales-Casamar et al., 2010) |Multiple species Curated
Neph (Neph et al., 2012) Human Predicted (from DHS) om 683
PreDREM (Zheng et al., 2015) Human Predicted 538
ScerTF (Spivak et al., 2012) Saccharomyces Curated plus ChiP-seq 196
Stark (Stark et al., 2007) Drosophila Predicted (conserved) om 232
(Pachkov et al., 2013)
SwissRegulon (Pachkov et al., 2007) Multiple species Curated 538
Taipale (Jolma et al., 2013) Human HT-SELEX 581
Taipale TF pairs (Jolma et al., 2015) Human CAP-SELEX 664
TF dimers (Jankowski et al., 2013) Human Predicted dimers 603
Tiffin (Down et al., 2007) Drosophila Predicted (gene sets) om 120
5145
TRANSFAC® PRO (Matys et al., 2006) Multiple species Curated, ChIP-chip (TFP2015.3)
TRANSFAC® 7.0 Public 2005 |(Matys et al., 2006) Multiple species Curated, ChIP-chip 398
YeTFaSCo de Boer and Hughes, 2012) Saccharomyces Uniprobe, Curated, ChIP-chip 244
21586
Total 18832 motifs




Supplementary table 2: Gene Ontology terms for the 1786 potential Grh target genes.

GO term on 1786 genes near Grh target regions (flymine.org)

organ development [GO:0048513]

multicellular organismal development [GO:0007275]
system development [GO:0048731]

anatomical structure morphogenesis [GO:0009653]
tube development [GO:0035295]

organ morphogenesis [GO:0009887]

morphogenesis of an epithelium [GO:0002009]
tissue development [GO:0009888]

tissue morphogenesis [GO:0048729]

epithelium development [GO:0060429]
single-organism developmental process [GO:0044767]
post-embryonic organ development [GO:0048569]
developmental process [GO:0032502]

tube morphogenesis [G0:0035239]

post-embryonic development [GO:0009791]
anatomical structure development [GO:0048856]
imaginal disc development [GO:0007444]

epithelial tube morphogenesis [GO:0060562]
single-multicellular organism process [G0:0044707]
imaginal disc morphogenesis [GO:0007560]
post-embryonic organ morphogenesis [GO:0048563]
post-embryonic morphogenesis [GO:0009886]
instar larval or pupal morphogenesis [GO:0048707]
metamorphosis [GO:0007552]

instar larval or pupal development [GO:0002165]
appendage development [GO:0048736]

appendage morphogenesis [GO:0035107]

imaginal disc-derived appendage morphogenesis [G0:0035114
imaginal disc-derived appendage development [GO:0048737]
post-embryonic appendage morphogenesis [G0:0035120]

wing disc development [GO:0035220]
biological regulation [GO:0065007]

neuron differentiation [GO:0030182]
locomotion [GO:0040011]

generation of neurons [GO:0048699]

imaginal disc-derived wing morphogenesis [GO:0007476]
wing disc morphogenesis [G0:0007472]
multicellular organismal process [G0:0032501]
pattern specification process [GO:0007389]
regulation of cellular process [GO:0050794]
regulation of biological process [G0:0050789]
single-organism process [GO:0044699]

neuron development [GO:0048666]

sensory organ development [GO:0007423]

cell morphogenesis involved in differentiation [GO:0000904]

regionalization [GO:0003002]
cell development [GO:0048468]

movement of cell or subcellular component [GO:0006928]

cell projection organization [GO:0030030]
taxis [GO:0042330]

embryo development [GO:0009790]
nervous system development [GO:0007399]

cell morphogenesis involved in neuron differentiation [GO:004:

neuron projection development [GO:0031175]
chemotaxis [GO:0006935]

cellular component morphogenesis [G0:0032989]
cell morphogenesis [GO:0000902]

neuron projection morphogenesis [GO:0048812]
respiratory system development [GO:0060541]

regulation of transcription, DNA-templated [GO:0006355]
regulation of nucleic acid-templated transcription [GO:190350€

regulation of RNA biosynthetic process [GO:2001141]
cell differentiation [GO:0030154]

cellular developmental process [GO:0048869]
axon guidance [GO:0007411]

neuron projection guidance [GO:0097485]

open tracheal system development [GO:0007424]
axon development [GO:0061564]

regulation of RNA metabolic process [GO:0051252]
response to stimulus [GO:0050896]

cell projection morphogenesis [GO:0048858]
axonogenesis [GO:0007409]

2,85E-74
1,78E-65
5,82E-64
1,08E-62
4,32E-62
4,63E-62
8,30E-59
9,43E-58
1,13€-57
1,74€-57
7,56E-55
1,33€-54
1,64E-53
2,18E-53
5,36E-53
1,53€-52
4,54E-52
3,69E-51
2,76E-49
3,17E-49
3,17E-49
6,24E-49
1,00€-48
3,70E-48
1,06E-47
2,54E-44
5,59E-44
8,29E-44
8,41E-44
6,12E-43
5,66E-41
3,69E-40
1,43E-39
4,80E-38
1,04€-37
2,86E-37
6,57E-37
2,12E-36
2,70E-36
2,96E-34
1,33€-33
1,01€-32
3,32E-31
1,29€-30
4,47€-29
5,51E-29
7,89E-29
2,67E-28
4,50E-28
1,36E-26
1,99E-26
3,54E-26
4,89E-26
5,49E-26
1,89€-25
7,41E-25
8,30E-25
9,11E-25
9,87E-25
1,12€-24
1,12€-24
1,12€-24
1,68E-24
3,69E-24
1,82€-23
2,65E-23
1,02€-22
1,12€-22
2,83E-22
6,80E-22
2,00E-21
4,22€-21

p-Value (H' Matches

425
679
583
487

248

729

200

224
177
175
174
175
171
186
729
260
209
273
150
151
763
191
626
665
1128
221
172
175
168
368
197
215
128
175
379
160
183
112
243
220
177
101
242
242
242
479
494
104
106
95
119
251
549
183
114

ImaGO Term (flymine.org)

embryonic dorsal epidermis

embryonic ventral epidermis

embryonic head epidermis

dorsal epidermis primordium

embryonic epipharynx

embryonic foregut

ventral epidermis primordium

dorsal ectoderm primordium

embryonic esophagus

dorsal ectoderm anlage in statu nascendi
embryonic/larval posterior spiracle
ventral ectoderm anlage in statu nascendi
embryonic/larval tracheal system
clypeo-labral primordium

procephalic ectoderm anlage in statu nascendi

ventral ectoderm primordium
tracheal primordium

foregut primordium

ventral ectoderm primordium P2
procephalic ectoderm anlage
embryonic hindgut

anlage in statu nascendi

posterior spiracle specific anlage
embryonic proventriculus
procephalic ectoderm primordium
clypeolabrum primordium P2

head epidermis primordium P1
clypeolabrum

hindgut proper primordium
clypeolabrum anlage
embryonic/larval visceral branch
clypeolabrum anlage in statu nascendi
hindgut anlage in statu nascendi
head epidermis dorsal

ventral epidermis primordium P2
embryonic/larval dorsal trunk
atrium primordium

proventriculus primordium

visual primordium

visual anlage

visual anlage in statu nascendi
embryonic anal pad

mesectoderm primordium
amnioserosa

gap

midline primordium

amnioserosa anlage in statu nascendi
segmentally repeated

sensory system head

dorsal ectoderm anlage

embryonic optic lobe primordium
embryonic/larval dorsal vessel
embryonic optic lobe

embryonic dorsal apodeme
amnioserosa anlage

hypopharynx primordium P1

dorsal epidermis anlage

ectoderm anlage in statu nascendi
mesoderm anlage in statu nascendi
stomatogastric nervous system primordium
inclusive hindgut primordium

pars intercerebralis primordium
embryonic ventral apodeme

gnathal lobes anlage

embryonic stomatogastric nervous system
embryonic leading edge cell
embryonic rectum

embryonic foregut sensory structure
hypopharynx anlage

amnioserosa primordium

head epidermis lateral primordium P2
antennal primordium1

2,00E-90
5,54E-75
2,91E-51
8,21E-40
1,25€-37
1,96E-33
1,47E-29
7,80E-29
1,44E-26
4,56E-23
4,81E-22
2,86E-21
4,19E-21
1,10E-15
5,05E-15
1,18E-14
1,43E-14
5,34E-14
4,98E-13
5,67E-12
7,57E-12
1,10E-10
1,28E-10
8,27E-09
2,19E-08
3,78E-08
1,05E-07
1,32E-07
1,62E-07
1,96E-07
5,79E-07
7,21E-07
7,68E-07
2,83E-06
4,34E-06
4,87E-06
1,53E-05
2,13E-05
2,15E-05
2,66E-05
7,46E-05
7,47E-05
1,27€-04
1,44E-04
2,88E-04
3,11E-04
4,80E-04
5,48E-04
6,83E-04
7,36E-04
8,94E-04
0,001252
0,001848
0,001872
0,002119
0,002723
0,004789
0,005313
0,006267
0,009153
0,011744
0,012454
0,014839

0,02094
0,021006
0,025184
0,025397
0,031641
0,034925
0,035079
0,041676
0,043735

p-Value (Hyg Matches

345
304
223
168
156
177
139
134
101
114
104
104
122
70
94
108
78
129
124
110
228
75
40
110
125
27
36
26
153
22
27
19
35
38
17
37
28
35
37
27
26
96
31
83
34
38
25
24
83
15
26
39
26
21
23
16
15
24
34
21
76
16
18
10
22
13
21
18
9
25
10
16



Supplementary table 3: Tested Grh bound enhancers

Bloominton number | Activein EA position_dm3 closest gene
38727 yes chr2L:17266203-17270147 | beat-llic
38758 yes chr2R:20898026-20898872 Zip
40432 yes chr2R:7074512-7077884 shn
40436 yes chr2R:7081197-7084847 shn
45151 yes chr2L:8277657-8281321 Btk29A
45275 no chr2R:13692354-13695691 grh
45531 yes chr2R:6021498-6023006 gem
45723 yes chr3R:16367700-16370556 | Stat92E
45745 yes chr3R:6411558-6415522 hth
46823 yes chr3L:10993794-10997681 klu
47361 no chr3R:6419287-6423188 hth
47530 yes chrX:6876110-6879886 ogre
47714 no chr3L:16630877-16634655 abl
47890 no chr2L:6536075-6538679 eya
48037 yes chr2R:17439112-17442366 Egfr
48457 yes chr21:5294138-5297840 vri
48944 no chr3R:20121542-20125543 crb
49542 no chr2R:9826145-9829599 shot
49785 yes chr4:79419-83379 ci
50129 yes chr2l:21242267-21245864 Hr39
50233 yes chr3R:19157220-19160884 pnt




Supplementary table 4: Potential Optix target enhancers (selectively accessible + motif)

chr
chr2L
chr2L
chr2L
chr2R
chrX
chr2R
chrX
chr2L
chr3L
chrX
chr2L
chr3R
chrX
chr2R
chr3L
chr2R
chr2L
chr2R
chr2R
chr2L
chr3R
chr3L
chr2L
chr3L
chr3R
chr2L
chr3L
chr2L
chr2R
chr3L
chr3R
chr3R
chr2R
chr3L
chr2R
chr2R
chrX
chr3L
chr3L
chr3R
chr2L
chr3R
chr2L
chr3L
chr2L
chr3L
chr3L
chr3R
chr3R
chr2L
chr3L
chr2L
chrX
chr3L
chr3L
chrX
chr3L
chr2R
chr2R
chr3R
chr2R
chr3L
chr2R
chrX
chr2R
chr3R
chr2L
chr3R
chr2R
chrX
chr3R
chr3R
chrX
chr3L
chr3L
chr3L
chr3R
chr2R
chr2R
chr3R
chr3L
chr3R
chr3R
chr3L
chr3R
chr2L

start

16470889
15457257
2446779
8414916
4472146
5547784
5890195
14431040
6303429
4477268
8851927
23052297
17429553
3931209
18223443
11786454
14429565
3925690
19553558
19216521
4712706
14185008
14514797
10395857
26393147
20020018
13401397
7309636
17413790
14952805
9796351
12162999
6006047
12423362
5652902
17805760
13803381
20928615
22390952
12345258
15340986
5325301
636706
3430902
4055663
22402850
21121373
5894294
4108630
3848811
13390554
16441421
3480966
8907768
6429469
17236082
12091166
8849528
3901825
491056
7717941
13135344
4625100
7248773
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potential TF

Supplementary table 5: Co-conserved motifs using the Branch Length Score
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Supplementary table 6: Primers for genomic PCR of Grh target enhancers with caQTLs

Regions |chr Start End Accessible|Closed |Forward Primer Reverse Primer

Region 1 |chr3R 125441420 |25442766 |28123 25208 |GTTTAAGGAGCTTCTGCTGCAT |GGCGCCATCCATTCCATCA

Region 2 |chr2L 7,699,491 |7,700,491 |28123 25208 |TCCGACCCATCGAATGATGC TGTCCACAAGGCAGATGGTC
Region 3 |chr3L |12908700 | 12909400 |28123 25208 |TCTCAGGATCCCTGCCATTA ATTAATTGGCACACGCCGC

Region 4 |chr2L 20114900 20115700 | 28222 25208 |ACAAATAACACCGACGTTTTCACT|CGAGGTTCGACCCCAACTAT




