Supplemental Material

ATAC-seq reveals regional differences in enhancer accessibility during
the establishment of spatial coordinates in the Drosophila blastoderm

Marta Bozek, Roberto Cortini, Andrea Ennio Storti, Ulrich Unnerstall,
Ulrike Gaul, Nicolas Gompel

Table legends
Supplemental Figure S1. Temporal profiles of embryonic collections.

Supplemental Figure S2. Accessibility of genes transcribed at different stages of
embryogenesis.

Supplemental Figure S3. Regional differences in chromatin accessibility at the loci
of selected AP regulators.

Supplemental Figure S4. High reproducibility of replicate ATAC-seq experiments.

Supplemental Figure S5. High similarity between whole-embryo controls and
published chromatin accessibility profiles from stage-5 embryos.

Supplemental Figure S6. Principal component analysis of genome-wide
accessibility variation.

Supplemental Figure S7. Conserved genome-wide distribution of accessible
regions.

Supplemental Figure S8. Summary of differential high-confidence ATAC-seq
peaks.

Supplemental Figure S9. Differential analysis of the union of ATAC-seq peaks.
Supplemental Figure $10. Distribution of the magnitude of accessibility changes.

Supplemental Figure S$11. Differential high-confidence ATAC-seq peaks display
strong features of axis patterning enhancers.

Supplemental Figure $12. Temporal and spatial activity of Vienna Tiles overlapping
differential and constitutive ATAC-seq peaks.

Supplemental Figure $13. Comparison of annotated and unannotated differential
peaks.

Supplemental Figure S$14. Correlation of ATAC-seq signal with the proportion of
active enhancer states.

Supplemental Figure $15. Linear correlation between accessibility and
transcriptional activity: properties of different classes of AP enhancers.

Supplemental Methods

Sequences of enhancer drivers, DNA linker, basal promoters, UNC84-3xFLAG
and PCR primers

10

14
16

17

18

20

21
22
23

25

28

30

45

47
56



Table legends

Supplemental Table S1. Expression constructs used for generation of transgenic
strains. Name of the expression construct, name of the corresponding tagged domain, name
of the basal promoter, name of the enhancer used as a driver of the nuclear tag (as in Segal
et al. 2008), corresponding REDfly identifier of the enhancer (REDfly v.5.4.3, Gallo etal. 2011),
reference to the original study that identified and characterized the enhancer, name of the
enhancer’s target gene, corresponding expression domain of the target gene.

Supplemental Table S2. Positions of tagged domains D1-D7 along 1-100% of the AP
axis. 1%: anterior tip. 100%: posterior tip. 1: TRUE. 0: FALSE.

Supplemental Table S3. Summary of ATAC-seq samples. Name of the sample,
corresponding tagged domain, name of the corresponding expression construct,
corresponding homozygous transgenic line, scaling factor used for normalization of ATAC-seq
signal: based on the total count of Tn5 transposase cuts, scaling factor used for normalization
of ATAC-seq signal: based on the coverage of 1-100 bp ATAC-seq fragments.

Supplemental Table S4. Genomic coordinates of high-confidence ATAC-seq peaks.
Chromosome name, start position, end position, peak ID, genomic annotation (as in Fig. 4A).

Supplemental Table S5. Genomic coordinates of the union of ATAC-seq peaks.
Chromosome name, start position, end position, peak ID, genomic annotation (as in Fig. 4A).

Supplemental Table S6. List of differential high-confidence ATAC-seq peaks. Peak ID
(as in Supplemental Table S4), genomic coordinates (chromosome name, start position, end
position), genomic annotation (as in Fig. 4A), maximum reported log: fold-change, summary
of 28 pair-wise comparisons between individual domains and whole-embryo controls. 1:
significant signal difference. 0: non-significant signal difference.

Supplemental Table S7. List of differential intervals from the union of ATAC-seq peaks.
Peak ID (as in Supplemental Table S5), genomic coordinates (chromosome name, start
position, end position), genomic annotation (as in Fig. 4A), summary of 28 pair-wise
comparisons between individual domains and whole-embryo controls. 1: significant signal
difference. 0: non-significant signal difference.

Supplemental Table S8. List of 88 AP enhancers. Name of the enhancer used in this study,
genomic coordinates (chromosome name, start position, end position), REDfly identifier of the
enhancer (REDfly v.5.4.3, Gallo et al. 2011), reference to the original study that identified and
characterized the enhancer (source of the RNA in situ hybridization image used for estimation
of the activity pattern), name of the enhancer’s target gene, classification of the target gene
according to the position in the AP gene regulatory network (gap, pair-rule, homeotic,



secondary downstream gene), Pearson’s correlation coefficient of the linear regression, slope
of the linear regression, corrected Pearson’s correlation coefficient (for enhancers overlapping
drivers of the nuclear tag), corrected slope of the linear regression (for enhancers overlapping
drivers of the nuclear tag).

Supplemental Table S9. Positions of activity patterns of 88 AP enhancers along 1-100%
of the AP axis. 1%: anterior tip. 100%: posterior tip. 1: TRUE. 0: FALSE.
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Supplemental Figure S1. Temporal profiles of embryonic collections. A batch of embryos from each
collection was fixed with formaldehyde and examined under the differential interference contrast micro-
scope (DIC) to characterize their distribution of developmental stages (Supplemental Methods). Bar plots
show proportional representation of the stages in individual collections of embryos (domains: D1-D7, repli-
cates: Rep1-Rep2). Number of scored embryos is indicated. In blue: proportion of individual embryonic
stages. Stage 5 is additionally subdivided into phase 1-2 (p1-2), phase 3 (p3) and phase 4 (p4), reflecting
different degrees of blastoderm cellularization (after Schroeder et al. 2011). In grey: total proportion of
embryos at stage 5 (cellularizing blastoderm), stage 6-7 (gastrulation) and stage 8-10 (germ band elonga-
tion). For higher consistency, stage 1 was omitted from these summary calculations as it corresponds to
unfertilized eggs that minimally contribute to ATAC-seq libraries.



In each collection, more than 80% of embryos represent stage 5 of cellularizing blastoderm, with more than
50% of embryos corresponding to the mid-point of cellularization (phase 3). A negligible number of embry-
os represent developmental stages prior to the global zygotic genome activation (stage 4 or earlier). While
contamination with older embryos extends up to stage 9, a considerable proportion of those corresponds
to stages 6-7, each lasting 10 min only (Weigmann et al. 2003).

Exclusion of stages prior to the global zygotic genome activation ensures that we examine accessi-
bility modulations during full operation of the patterning gene regulatory networks. High similarity of tempo-
ral profiles between independent collections (including comparable contribution of older stages) allows for
a substantial reduction of the temporal dimension of our assay. As a result, we are confident that the rela-
tive signal differences between the tagged domains primarily reflect regional accessibility variation along
the AP axis, rather than temporal discrepancies between the samples.

Contamination with older embryonic stages could have a potential confounding effect on the abso-
lute measure of the ATAC-seq signal, possibly resulting in the observed residual accessibility of inactive
elements. However, Haines and Eisen 2018, who specifically select stage-5 embryos by hand sorting,
independently report the same property of axis patterning enhancers.
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Supplemental Figure S2. Accessibility of genes transcribed at different stages of embryogenesis.
Mean ATAC-seq signal (transposase cuts per bp) was calculated over coding sequences of genes whose
transcription is initiated at different stages of embryogenesis (classification according to RNA in situ hybridi-
zation patterns from Berkeley Drosophila Genome Project, Tomancak et al. 2002) and inaccessible back-
ground regions (no significant signal elevation in any tagged domain or a whole-embryo control). See Sup-
plemental Methods for details. Boxplots show distribution of the mean ATAC-seq signal for individual repli-
cates of whole-embryo controls (D1, D4, D5 and D7; Rep1 and Rep2). Blue: genes transcribed at stage
4-6. Grey: genes activated at later stages 7-8, 9-10, 11-12 and 13-16 (inactive in cellularizing blastoderm).
White: inaccessible background regions. Asterisks indicate significant differences in reference to genes
from stage 9-10 (Student’s t-test): p-value < 0.001 (**), p-value < 0.0001 (***); n.s: non-significant.

Transcribed gene bodies have been demonstrated to display elevated signal in chromatin accessibility
assays (Thomas et al. 2011; Bell et al. 2011; Weintraub and Groudine 1976; Bulger et al. 2003). We took
advantage of this property to assess contribution of the ATAC-seq signal from embryonic stages older than
stage 5 of cellularizing blastoderm (Supplemental Fig. S1). We compared accessibility profiles over differ-
ent temporal classes of embryonic genes. Only coding sequences were considered in order to avoid
confounding effects of intronic cis-regulatory elements. We only examined whole-embryo samples and did
not consider spatial expression patterns of the analyzed genes.

The oldest embryos from the collections represent stage 9 (Supplemental Fig. S1), and contribution
from this stage can be additionally enhanced by mitotic divisions that resume at the end of stage 7 (Foe et
al. 1993). However, genes specifically activated at stage 9-10 are characterized by very similar distribution
of their ATAC-seq signal as those transcribed at later stages 11-16, which are absent from the collections.
ATAC-seq signal of stage 9-10 genes is significantly lower in comparison to genes active in cellularizing
blastoderm (stage 4-6), while it is highly similar to that of inaccessible background regions. Overall, we
conclude that accessibility of genes transcribed at stage 9-10 is minimal, which demonstrates negligible
contribution of the oldest stages in the obtained ATAC-seq profiles.

While stage 7-8 genes show reduced accessibility in comparison to stage 4-6 genes, their signal is
elevated in respect to inaccessible background regions. A reason for this discrepancy is not clear, taking
into consideration comparable representation of stages 7-8 and 9-10 in the collections.
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Supplemental Figure S3. Regional differences in chromatin accessibility at the loci of selected AP
regulators. (A) hunchback (hb), (B) even skipped (eve) and (C) fushi tarazu (ftz). Comparison of coverage
tracks between tagged domains (black), anterior and posterior clusters from single-cell ATAC-seq by Cusa-
novich et al. 2018 (purple) and anterior and posterior halves of cryo-sliced embryos from Haines and Eisen
2018 (grey).

Blue horizontal bars and underlying shaded regions represent coordinates of known enhancers. Activity
patterns of the elements in blastoderm embryos are indicated schematically above (blue shading; based
on published RNA in situ hybridization images). In bold: elements included in the list of curated 88 AP
enhancers (REDfly names and references provided in Supplemental Table S8). In italics: additional cis-reg-
ulatory elements, (B) eve_auto autoregulatory element from Jiang et al. 1991 (REDfly name:
eve_HZE1600), (C) ftz_(-6) and ftz_(-1) from Schroeder et al. 2011; ftz_zebra from Hiromi et al. 1985 (RED-
fly name: ftz_zebra_element). Grey horizontal bars represent coordinates of high-confidence ATAC-seq
peaks. Differential peaks are indicated with a black star. Genomic coordinates and gene models: Flybase
Release 5.57.

Enhancers that coincide with drivers used for expressing UNC84-3xFLAG are marked with a dark blue
frame in their respective tagged domain. Note that their elevated ATAC-seq signal likely results from the
presence of two accessible copies of the element, one in its endogenous locus and one in the attP2
integration site (see Supplemental Methods).

Black: normalized coverage of 1-100 bp ATAC-seq fragments, smoothed over a sliding window of 15 bp.
Accessibility profiles represent individual replicates of tagged domains (D4: replicate 1, other domains:
replicate 2) and a single whole-embryo control (D1 replicate 2). AP positions of the profiled domains are
indicated schematically on the left (green shading).

Purple: normalized coverage tracks represent a mean over two anterior blastoderm clusters (cluster 6 and
15) and a mean over three blastoderm posterior clusters (cluster 4, 7 and 16) identified in silico among
single nuclei from the 2-4 h embryonic collection. Note that due to unsurpervised clustering the exact posi-
tion and size of the clusters are not known. Data downloaded from: http://shiny.furlonglab.embl.de/scAT-
ACseqgBrowser/.

Grey: normalized coverage tracks represent anterior and posterior halves of cryo-sliced embryos in nuclear
cycle 14. Data downloaded from Gene Expression Omnibus, accession number: GSE104957.
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Supplemental Figure S4. High reproducibility of replicate ATAC-seq experiments. Pair-wise compari-
son of ATAC-seq signal between: (A-G) duplicates of individual tagged domains (D1-D7), and (H) repre-
sentative whole-embryo controls (D1 control replicate 1 vs. D7 control replicate 2). Each panel shows a
scatter plot of log, transformed ATAC-seq signal (total count of Tn5 transposase cuts) over 17 345
high-confidence ATAC-seq peaks. r = Pearson’s correlation coefficient.
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Supplemental Figure S5. High similarity between whole-embryo controls and published chromatin
accessibility profiles from stage-5 embryos. Comparison of ATAC-seq data from whole-embryo controls
with DNase-seq accessibility profiles of whole stage-5 embryos from Thomas et al. 2011. (A) Venn diagram
represents the overlap between high-confidence ATAC-seq peaks (blue) and DNase-seq peaks (green).
DNase-seq peaks were defined as an intersection of peaks called in two replicates (FDR = 5%). Note that
different algorithms and significance thresholds were used for calling ATAC-seq and DNase-seq peaks
(see Supplemental Methods). (B) Scatter plot represents a correlation between log, transformed ATAC-seq
and DNase-seq signal intensities, calculated for the set of 17 345 high-confidence ATAC-seq peaks.
ATAC-seq signal was defined as the normalized count of Tn5 transposase cuts (average over eight
whole-embryo controls). DNase-seq signal was defined as the normalized DNasel tag density (average
over two replicates). r = Pearson’s correlation coefficient.
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Supplemental Figure S6. Principal component analysis of genome-wide accessibility variation.
Each panel shows distribution of individual tagged domains (solid circle) and whole-embryo controls
(crossed square) against two principal components (individual planes of the 3D PCA plot from Fig. 3A).
Replicates are represented as separate data points (R1: replicate 1, R2: replicate 2) and color-coded by
genotype (D1: red; D2: orange; D3: purple; D4: dark blue; D5: light blue; D6: dark green; D7: light green).
PCA is based on accessibility signal (total count of Tn5 transposase cuts) over 17 345 high-confidence

ATAC-seq peaks.
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Supplemental Figure S7. Conserved genome-wide distribution of accessible regions. A vast majority
of ATAC-seq peaks is characterized by significant signal enrichment in individual tagged domains. Bar plots
show the proportion of (A) high-confidence peaks and (B) union of peaks that overlap ATAC-seq peaks
identified in individual tagged domains (minimum overlap = 50 bp). High-confidence peaks represent an
intersection of ATAC-seq peaks called in all whole-embryo controls, while the union of peaks represents a
comprehensive set of ATAC-seq peaks called in all tagged domains and whole-embryo controls (Supple-
mental Methods). Proportion of overlap is defined in terms of the combined size of the overlapped peaks.
Duplicates are plotted separately.
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Supplemental Figure S8. Summary of differential high-confidence ATAC-seq peaks. (A) Bar plot
shows the number of differential peaks supported by multiple pair-wise comparisons between tagged
domains and whole-embryo controls (green) and identified uniquely in pair-wise comparisons between
tagged domains (blue). (B) Bar plot shows the number of ATAC-seq peaks identified independently in all 28
pair-wise comparisons. Light blue: peaks identified in a single comparison, dark blue: peaks identified in
multiple comparisons.
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Supplemental Figure S9. Differential analysis of the union of ATAC-seq peaks. DESeqg2 analysis was
performed for a broader definition of accessible regions, representing the union of ATAC-seq peaks from a
whole-embryo control and individual tagged domains (Supplemental Methods). (A) Pie chart shows propor-
tion of the accessible genome (combined size of the union of ATAC-seq peaks; 21 414 intervals) represent-
ed by constitutive regions that show no significant variation in their accessibility signal along the AP axis
(grey; 15 969 intervals), and differential peaks that are supported by a single pair-wise comparison (light
blue; 1 768 intervals) and multiple pair-wise comparisons (dark blue; 3 677 intervals). (B) Bar plot shows
the number of differential ATAC-seq peaks identified independently in 28 pair-wise comparisons. Light blue:
peaks identified in a single comparison, dark blue: peaks identified in multiple comparisons. (C) Proportion-
al distribution of genomic annotations among different classes of accessible regions: all intervals from the
union of ATAC-seq peaks (all peaks), constitutive peaks and differential peaks. UTR: 5’ and 3’ untranslated
regions. CDS: coding sequence. (D) Bar plot indicates the proportion of annotated cis-regulatory elements
(CREs) that overlap differential ATAC-seq peaks. Total number of CREs from each category is indicated
above the bars: Vienna Tiles (Kvon et al. 2014) active at stage 4-6, REDfly CREs (Gallo et al. 2011) active
in blastoderm embryos and AP enhancers driving patterned expression specifically along the AP axis (Sup-
plemental Table S8).
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Supplemental Figure S11. Differential high-confidence ATAC-seq peaks display strong features of
axis patterning enhancers. Extension of Fig. 4AB with all classes of accessible regions: all high-confi-
dence ATAC-seq peaks (all peaks), constitutive peaks, differential peaks and four quarters of differential
peaks (based on maximum log, fold-change reported in DESeq2, Supplemental Fig. S10). (A) Proportional
distribution of genomic annotations. UTR: 5’ and 3’ untranslated regions. CDS: coding sequence. (B) Bar
plot represents the proportion of different classes of ATAC-seq peaks that map to intronic and intergenic
regions (numbers of intervals in the legend) and co-localize with ChlIP signal of different classes of proteins.
ORI complex: ChlP-seq peaks of ORC2 (origin recognition complex subunit 2). Insulator proteins:
ChIP-chip peaks of BEAF-32, CP190, CTCF and Su(Hw). DV TFs: ChIP-chip peaks of 4 maternal and
zygotic DV TFs: Dorsal, Mothers against dpp, Snail and Twist. AP TFs (broad set): overlap with ChIP-chip
peaks of 14 maternal, gap and pair-rule AP TFs: Bicoid, Caudal, Giant, Hunchback, Knirps, Kruppel,
Huckebein, Tailless, Dichaete, Fushi-tarazu, Hairy, Paired, Runt and Sloppy-paired 1. AP TFs (narrow set):
overlap with ChlP-seq peaks of 6 maternal and gap AP TFs: Bicoid, Caudal, Giant, Hunchback, Knirps,
Kruppel.
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Supplemental Figure S12. Temporal and spatial activity of Vienna Tiles overlapping differential and
constitutive ATAC-seq peaks. (A) Bar plots show the number of Vienna Tiles (VTs) active at individual
stages of Drosophila embryogenesis, with indicated proportional representation among all elements from
each considered category: VTs overlapping differential peaks, VTs overlapping constitutive peaks and a
complete set of VTs. Since the reported enhancer activity of VTs usually spans several consecutive stages
of embryogenesis, the elements were classified based on the earliest stage at which they drive expression
of the reporter construct. (B) Bar plot shows the proportional representation of annotation terms among VTs
that are specifically active in stage 4-6 embryos and overlap either differential peaks (blue) or constitutive
peaks (grey). Note that individual Vienna Tiles are often annotated with multiple terms. (C) Examples of
Vienna Tiles that drive patterned expression along the DV axis (annotation terms: "dorsal ectoderm broad",
"ventral ectoderm", "trunk mesoderm broad"). Comparison between activity patterns of Vienna Tiles that
overlap constitutive (grey frame) and differential (blue frame) ATAC-seq peaks. Note that the differential DV
elements display more pronounced modulation of their activity along the dissected AP axis. Images down-
loaded from http://enhancers.starklab.org/.
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Supplemental Figure S13. Comparison of annotated and unannotated differential peaks. Differential
peaks were divided into those that overlapped (ann.: annotated) and did not overlap (unann.: unannotated)
known cis-regulatory elements: Vienna Tiles active at stage 4-6 and REDfly elements active in blastoderm
embryos (including 88 AP enhancers). Only peaks mapping to intronic and intergenic regions were consid-
ered. (A) Pie chart represents the proportion and number of annotated (blue) and unannotated (white)
intervals among all intronic and intergenic differential peaks. (B) Bar plot shows the proportion of differential
peaks from each quarter that are represented by Vienna Tiles (red), REDfly enhancers (blue), both Vienna
Tiles and REDfly enhancers (purple). The total number of intronic and intergenic intervals in each quarter
is indicated. (C,D) Comparison of constitutive peaks with annotated and unannotated differential peaks
from the 3" and 4" quarters. The peaks were overlapped with ChlP-seq peaks of 6 maternal and gap AP
TFs (left; narrow set from Fig. 4B) and ChlP-chip peaks of 14 maternal, gap and pair-rule AP TFs (right;
broad set from Fig. 4B). 3 quarter: 68 annotated and 738 unannotated peaks. 4" quarter: 174 annotated
and 702 unannotated peaks. (C) Bar plots represent the proportion of differential and constitutive
ATAC-seq peaks that are overlapped by ChlIP signal of at least one TF. Note that the unannotated differen-
tial peaks are more frequently targeted by patterning TFs than the constitutive ATAC-seq peaks. (D) Box-
plots represent the number of different TFs that co-bind within the ATAC-seq peaks. Peaks with no overlap
were excluded. Note that combinatorial regulation by multiple TFs is a distinguishing feature of axis pattern-
ing enhancers.
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Supplemental Figure S14. Correlation of ATAC-seq signal with
the proportion of active enhancer states. Each upper panel
represents coverage of 1-100 bp ATAC-seq fragments over an
individual AP enhancer. Each lower panel represents a scatter plot
of the ATAC-seq signal expressed as a mean number of Tn5 trans-
posase cuts per bp (y-axis) against the proportion of active nuclei in
a given tagged domain (x-axis). Each point represents an individual
replicate of D1-D7 samples and whole-embryo controls (pooled
replicates from multiple strains). D1-D7 domains and the whole-em-
bryo controls are color-coded according to the legend above. D6
replicate 1 is excluded due to its close similarity to whole-embryo
controls (Fig. 3A). r = Pearson’s correlation coefficient.
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Supplemental Figure S15. Linear correlation between accessibility and transcriptional activity:
properties of different classes of AP enhancers. Note that the analysis considered in this figure includes
corrections of ATAC-seq signal over enhancers that were used as drivers of the nuclear marker in their
respective tagged domains (Supplemental Methods). (A) Distribution of the slope of linear regression (x-ax-
is) and Pearson’s correlation coefficient (y-axis) across 88 AP enhancers (Supplemental Table S8). Each
enhancer is represented as an individual data point and color-coded according to the position of its target
gene in the AP regulatory network (Supplemental Methods). Four classes of target genes are considered:
gap (dark blue), pair-rule (green), homeotic (orange) and secondary downstream genes (grey). Quantiles
of distributions of the regression slope and correlation coefficient are marked with grey lines; corresponding
quarters are marked in grey above and on the right. (B) Comparison of the strength of linear correlation
between enhancers of gap and pair-rule genes. Bar plots show the proportion of enhancers from each
class that fall into different quarters of the correlation coefficient distribution. (C) Comparison of the magni-
tude of accessibility changes (i.e. linear regression slope) between enhancers of gap (dark blue), pair-rule
(green), homeotic (orange) and secondary downstream (grey) genes. Bar plot summarizes representation
of the four classes of enhancers in individual quarters of the regression slope distribution. (D) Comparison
of the AP position of activity domains between enhancers that display different magnitudes of accessibility
changes. Profiles show the relative frequency with which each % of the AP axis is represented by activity
patterns of 22 enhancers from individual quarters of the distribution of the linear regression slope. (E) In
order to correct for different sizes of activity domains, positions of their midpoints along the AP axis are
compared. Boxplots represent distribution of the midpoints within individual quarters (defined for the linear
regression slope). 0%: anterior tip, 100%: posterior tip of the embryo.

Enhancers from different tiers of the AP gene regulatory network do not display any significant bias regard-
ing the strength of linear correlation (Pearson’s correlation coefficient) or the magnitude of accessibility
changes between active and inactive enhancer states (slope of linear regression). Additionally, anterior and
posterior elements are not characterized by any distinguishing properties. In fact, there is no correlation
between the magnitude of accessibility changes displayed by the enhancers and the position of their activi-
ty patterns along the AP axis.
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Supplemental Methods

Immunostaining of transgenic embryos

Specific localization of the nuclear tag in transgenic embryos was validated with anti-FLAG
antibody staining. In short, embryos were collected in population cages (broad window: 0-4 h
AEL), dechorionated in 50% bleach (2 min), fixed for 20 min in 4% formaldehyde—heptane and
devitellinised with methanol. Tagged domains were visualized by anti-FLAG immunostaining
according to standard procedures (Muller 2008). Primary antibody: monoclonal anti-FLAG M2
(Sigma-Aldrich: F1804) in 1:500 dilution. Secondary antibody: Alexa Fluor 647-conjugated
goat anti-mouse antibody (Jackson ImmunoResearch: 115-605-166) in 1:500 dilution. The
embryos were imaged under LSM 710 Carl Zeiss laser-scanning confocal microscope.

Positions of tagged domains (Supplemental Table S2) were measured by projection of
the anti-FLAG signal onto the axis connecting the anteriormost and posteriormost tips of the
embryo, and were expressed as percent of the axis length (1-100%).

Definitions of the domains show high agreement with previously reported expression
patterns of the enhancers (Segal et al. 2008), except for D1, D2 and D7 domains. Compared
to the activity pattern of hb_anterior_actv, D1 is characterized by retraction of the tag from the
anterior tip; however, this pattern is in agreement with reduced levels of native hunchback
mRNA in the anteriormost region of the blastoderm (Tomancak et al. 2002). UNC84-3xFLAG
is expressed in a wider D2 domain than the endogenous stripe 2 of even skipped, which is
consistent with the minimal stripe 2 element initially driving expression in a broad anterior
region at the beginning of stage 5 (Small et al. 1992). D7 shows strong posterior expansion in
comparison to the reported activity domain of gt_(-3) enhancer. This is consistent with posterior
extension of the endogenous expression domain of giant gene at the beginning of stage 5,
which gradually gets sharpened and anteriorly shifted (Eldon and Pirrotta 1991).

Replicates

Homozygous lines representing independent insertions of the same construct in the attP2 site
were used as biological duplicates, except for the eve_stripe1_DSCP_UNC84-3xFLAG
construct (D3 domain) for which only one transgenic line was obtained (Supplemental Table
S3).

Affinity-purification of tagged nuclei

Staged embryos were homogenized on ice by 10 strokes of Dounce homogenizer (tight pestle)
in Buffer A (15 mM Tris-HCI pH = 7.4, 60 mM KCI, 15 mM NacCl, 0.1 mM EGTA, 5 mM MgCI2
and EDTA-free protease inhibitor (Roche: 04693132001). Homogenate was filtered through
10-um nylon net filter (Merck Millipore) and centrifuged at 500 g for 7 min at 4°C. The nuclear
pellet was resuspended in Buffer A + 0.5% NP-40 (Tergitol, Sigma), incubated on ice for 3 min
and centrifuged at 500 g for 7 min at 4°C. Purified nuclei were resuspended in 500 ul of
Buffer A. 50 ul of Dynabeads protein G (ThermoFisher: 10009D) were adsorbed to 1 pl of
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monoclonal anti-FLAG M2 antibody (Sigma-Aldrich: F1804) in 200 pl PBS + 0.02% Tween-20
for 1 h at 4°C. Magnetic beads were washed once with PBS + 0.02% Tween-20, resuspended
in 100 pl of Buffer A and combined with the nuclei. After 30-min incubation with rotation at 4°C,
the beads with tagged nuclei were bound to a magnetic stand, washed three times with Buffer
A and resuspended in 700 pl of Buffer A.

Whole-embryo controls were generated from the same collections of staged embryos
as isolations of tagged domains D1, D4, D5 and D7 (including duplicates). After
homogenization and nuclei purification, the nuclear pellet was resuspended directly in 700 pl
of Buffer A, excluding incubation with magnetic beads.

ATAC-seq on purified nuclei

In order to estimate the final yield of nuclear isolations, 25 ul of nuclear suspension (+beads)
was combined with 10 pl of 10 mg/ml proteinase K and 1.25 ul of 10% SDS. Following
incubation at 55°C for 20 min and vortexing at maximum speed for 5 min, concentration of
genomic DNA was measured with Qubit 2.0 fluorometer (Invitrogen). Nuclear suspension
corresponding to 340 ng of genomic DNA was used for each ATAC-seq reaction.

Fragmentation and amplification of ATAC-seq libraries were performed according to
the standard protocol (Buenrostro et al. 2015). An appropriate volume of nuclear suspension
(+beads) was pelleted at 500 g for 7 min at 4°C. The pellet was resuspended in Nextera
Tagment DNA Buffer with 6 ul of Nextera Tn5 transposase (lllumina) in the final volume of
25 pl. After incubation at 37°C for 30 min, the reaction was terminated by addition of Buffer PB
(Qiagen). Magnetic beads were bound to the magnetic stand and the supernatant was purified
with Qiagen MinElute PCR Purification Kit, followed by elution in 10 pl Elution Buffer (10 mM
Tris buffer, pH = 8). 5 pl of eluted DNA was combined with custom Nextera PCR primers (from
Buenrostro et al. 2013) and NEBNext Q5 Hot Start HiFi PCR Master Mix (New England
Biolabs) in the total volume of 50 ul, followed by amplification for 12 cycles (PCR program
according to Buenrostro et al. 2015). Purification was performed with Agencourt AMPure XP
beads (Beckman Coulter: A63881), using double size selection (left ratio: 2.0x, right ratio: 0.5x)
according to the manufacturer’s protocol. Libraries were eluted in 30 pl of 10 mM Tris-HCI,
pH = 8.0. Paired-end sequencing was performed on lllumina HiSeq 1500. A summary of all
ATAC-seq experiments and generated samples is provided in Supplemental Table S3.

ATAC-seq on genomic DNA

In order to control for potential sequence bias of Tn5 transposase, a reference ATAC-seq
library was prepared from purified genomic DNA (gDNA). gDNA was isolated from larval
tissues of a wild-type Drosophila strain, using a high-salt extraction method (Aljanabi 1997)
with minor modifications: a step of vortexing was omitted to reduce shearing of gDNA and
a final step of RNase digestion was included (with 50 ng/ul of Ambion RNaseA, 30-min
incubation at 37°C). 12 ng of gDNA was combined with 2.5 pl of Tn5 transposase in Nextera
Tagment DNA Buffer (final volume: 50 pl), followed by incubation at 37°C for 30 min. The
reaction was directly terminated by purification with Qiagen MinElute PCR Purification Kit and
elution in 11 pl of nuclease-free water. 10 ul of eluted DNA was combined with custom Nextera
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PCR primers (from Buenrostro et al. 2013) and NEBNext Q5 Hot Start HiFi PCR Master Mix
(New England Biolabs) in the total volume of 50 pl, followed by amplification for 12 cycles
(according to Buenrostro et al. 2015). The library was subsequently purified and processed as
other ATAC-seq libraries.

ATAC-seq data processing

After demultiplexing and removal of adaptor sequences, ATAC-seq reads were aligned to
a reference genome (UCSC: dm3) using Bowtie2 v.2.2.9 (Langmead and Salzberg 2012), with
the following settings: bowtie2 --local --very-sensitive-local. Mapped reads were filtered for
mapping quality (g >10) and proper pairing (read paired & read mapped in proper pair) using
SAMtools v.1.3.1 (Li et al. 2009), with the following settings: samtools view —f 0x3 — q 10.

As a general measure of sensitivity to Tn5 transposase fragmentation, ATAC-seq
signal was defined as a number of transposase cuts mapping to each bp (or a total count of
cuts mapping to a selected genomic interval). The cuts were defined as 5’ ends of ATAC-seq
reads, with additional shifting by +4 bp and -5 bp for reads mapping to the plus and minus
strands, respectively (Buenrostro et al. 2013). Total pool of ATAC-seq fragments was
considered, with no prior size selection.

For visualization purposes, ATAC-seq signal was alternatively defined as coverage of
short digestion products (1-100 bp, with in silico size selection). ATAC-seq fragments shorter
than 100 bp have been previously demonstrated to correspond to nucleosome-free regions,
accessible to binding by TFs and other small proteins (Buenrostro et al. 2013; Schep et al.
2015).

Peak calling

ATAC-seq peaks were called with MACS2 v.2.1.1.2 (Zhang et al. 2008), based on the
enrichment of Tn5 transposase cuts (smoothed by +/- 100 bp extension). ATAC-seq library
from genomic DNA was used as a common control sample. Peak calling was performed
separately for each replicate, with the g-value cut-off = 0.01 and the following non-default
parameters: macs2 callpeak --keep-dup all -q 0.01 --nomodel --shift -100 --extsize 200 -f BAM
-gdm -B.

A set of 17 345 high-confidence accessible regions (Supplemental Table S4) was
identified by intersection of ATAC-seq peaks from all eight whole-embryo controls. A broader
set of 21 414 accessible regions (Supplemental Table S5) was defined as the union of ATAC-
seq peaks from all samples: tagged domains and whole-embryo controls (after intersection of
peaks from replicates). In both cases, only peaks mapping to chromosomes X, 2L, 2R, 3L, 3R
and 4 were considered.

Normalization of ATAC-seq signal

To normalize for differences in sequencing depth between the samples, their ATAC-seq signal
was divided by scaling factors representing a median of signal ratios over a complete set of
high-confidence ATAC-seq peaks (calculated with the function estimateSizeFactorsForMatrix,
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from DESeq2 v.1.20.0, Love et al. 2014). Size factors were calculated separately for ATAC-
seq signal expressed as the total number of cuts and coverage of 1-100 bp fragments, in order
to control for differences in size distribution of the sequencing libraries (provided in
Supplemental Table S3).

Comparison of ATAC-seq signal between temporal classes of embryonic genes

Different temporal classes of embryonic genes were defined based on annotations of RNA
in situ hybridization images from Berkeley Drosophila Genome Project (Tomancak et al. 2002),
and represented genes whose transcription was initiated specifically at stage 4-6 (exclusion of
maternal genes), 7-8, 9-10, 11-12 and 13-16 of embryogenesis. ATAC-seq signal was
calculated over coding sequences of the genes (gene models: Flybase Release 5.57,
Gramates et al. 2017), and expressed as the mean number of Tn5 transposase cuts per base-
pair, after normalization to the sequencing depth with the corresponding scaling factors. Introns
were omitted from the analysis in order to avoid potential confounding effects of active and
accessible intronic cis-regulatory elements. Spatial expression patterns of the analysed genes
were not considered, and thus only whole-embryo controls were examined.

Correlation of ATAC-seq profiles with published DNase-seq data

Published DNase-seq accessibility data from whole stage-5 embryos (Thomas et al. 2011)
was downloaded from the UCSC Genome Browser, dm3 release (Kent et al. 2002):
coordinates of DNase-seq peaks (intersection of peaks from two replicates, FDR = 5%) and
wig tracks with normalized DNasel tag density (both replicates). In order to control for the
different size and genomic distribution of DNase-seq and high-confidence ATAC-seq peaks,
first a union of these accessible regions was defined, followed by identification of peaks from
each dataset that overlapped the union (minimum overlap = 1 bp). Correlation of accessibility
signal was calculated over a complete set of high-confidence ATAC-seq peaks. DNasel tag
density and the total count of Tn5 transposase cuts was calculated separately for each
replicate, followed by estimation of a Pearson’s correlation coefficient between mean ATAC-
seq signal from eight whole-embryo controls and mean DNase-seq signal from both duplicates.

Principal component analysis

Principal component analysis (PCA) was performed with DESeq2 package v.1.20.0 (Love et
al. 2014) on the normalized and rlog-transformed total count of Tn5 transposase cuts, over
a complete set of high-confidence ATAC-seq peaks. Function plotPCA was customized in
order to include all input genomic intervals.

Identification of differential ATAC-seq peaks

High-confidence ATAC-seq peaks that showed significant differences in the total count of Tn5
transposase cuts between different tagged domains were identified with DESeq2 package
v.1.20.0 (Love et al. 2014), using default parameters and an adjusted p-value below 0.01.
A total of 28 unique pair-wise comparisons was performed: a) between domains D1, D4, D5,
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D7 and their corresponding whole-embryo controls with the same genotype (multiple-factor
design: domain/control + transgenic line A/line B), b) between domains D2, D3, D6 and all
eight whole-embryo controls (single-factor design: domain/control) and c) between individual
domains (single-factor design: domain A/ domain B). As D6 replicate 1 showed strong
clustering with whole-embryo controls (Fig. 3A), it was excluded from the analysis. A complete
set of differential ATAC-seq peaks is provided in Supplemental Table S6. A corresponding
differential analysis was performed for the union of ATAC-seq peaks (differential intervals are
listed in Supplemental Table S7).

Constitutive ATAC-seq peaks were defined as a complementary subset of high-
confidence ATAC-seq peaks that showed no significant difference in their accessibility signal
in any of the pair-wise comparisons (adjusted p-value = 0.01). Differential peaks were divided
into quarters based on the maximum absolute value of log> fold-change reported among all 28
pair-wise comparisons.

Genomic annotations of ATAC-seq peaks

Drosophila gene models were downloaded from FlyBase release 5.57 (Gramates et al. 2017).
Promoters were defined as intervals 100 bp upstream and downstream of transcription start
sites (TSS). Peaks were tested consecutively for their overlap with promoters, CDSs and
introns, with a minimum overlap of 100 bp. Remaining peaks were tested for their overlap with
UTR regions (5’ and 3’ UTRs), with a minimum overlap of 1 bp. The remaining peaks, without
any gene annotations, were assigned as “intergenic” peaks.

Overlap of ATAC-seq peak with published ChIP data

ATAC-seq peaks were filtered to include only the “intronic” and “intergenic” annotations and
tested for their overlap with ChIP peaks from published datasets (minimum overlap = 50 bp).
Coordinates of ORIs (origins of replication) were downloaded from FlyBase release 5.57
(Gramates et al. 2017) and represented a union of ChlP-seq peaks of ORC2 (origin recognition
complex subunit 2) from three Drosophila cell lines (Eaton et al. 2011). Coordinates of ChIP-
chip peaks of insulator proteins from 2-4 h embryos were downloaded from modENCODE
(Celniker et al. 2009), with the following IDs: BEAF-32 (5130), CP190 (5131), CTCF (5057)
and Su(Hw) (5066).

Definitions of ChIP-chip peaks of TFs from the AP and DV patterning networks in stage
4-5 embryos (Li et al. 2008; MacArthur et al. 2009) were downloaded from the UCSC Genome
Browser (dm3) as wig files representing signal intensity above FDR = 1% (single replicate,
indicated as “best antibody”): Bicoid AB2, Caudal AB1, Giant AB2, Hunchback AB1, Knirps
AB2, Kruppel AB2, Huckebein AB1, Tailless AB1, Dichaete AB1, Fushi-tarazu AB3, Hairy AB2,
Paired AB1, Runt AB1, Sloppy-paired1 AB1, Dorsal AB3, Mothers against dpp AB2, Snail AB2
and Twist AB2. In order to represent every bp of ChIP-chip peaks, intervals from wig files were
extended by +/- 25 bp.

Definitions of ChlP-seq peaks of TFs from the AP patterning network in stage 4-5
embryos (Bradley et al. 2010) were downloaded from the NCBI Gene Expression Omnibus
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repository with the following accession numbers (single replicate): Bicoid AB1 (GSM511083),
Caudal AB1 (GSM511087), Giant AB2 (GSM511086), Hunchback AB1 (GSM511081), Knirps
AB2 (GSM511088) and Kruppel AB2 (GSM511085). For greater specificity, ChlP-seq peaks
were additionally filtered based on their overlap with peak summits from ChIP-chip
experiments generated with the same antibody (Li et al. 2008). Definitions of ChIP-chip
summits were downloaded from Berkeley Drosophila Transcription Network Project (primary
peaks defined by the symmetric null test at FDR = 1%).

Overlap of ATAC-seq peaks with annotated cis-regulatory elements

Differential and constitutive peaks were tested for their overlap with three categories of
annotated cis-regulatory elements (minimum overlap = 100 bp). Vienna Tiles (Kvon et al. 2014)
were filtered with the following parameters: verification_status = correct, positive = 1 (reported
as active at any stage of embryogenesis). Temporal activity was assigned based on the
earliest stage of embryogenesis at which a Vienna Tile was reported as active. REDfly
enhancers were downloaded from the REDfly database v.5.4.2 (Gallo et al. 2011) with the
following criteria: 1) CRM (data type), 2) expression + only (restictions), and 3) blastoderm
embryo (ontology/expression term).

AP enhancers represent a carefully selected set of blastoderm REDfly enhancers that
drive patterned expression specifically along the AP axis (Supplemental Table S8). Only
elements that met the following criteria were considered: 1) availability of high-quality RNA
in situ hybridization images, 2) annotated and validated target gene, 3) agreement of RNA
in situ hybridization images with an expression pattern of the target gene, and 4) non-
background accessibility signal (indicating an active functional element). Additionally, the
elements were excluded if they: 1) produced very weak or spurious expression, 2) their
expression pattern was characterized by strong modulation along the DV axis, and 3)
overlapped promoters, coding sequences and UTR regions. For greater clarity, enhancers that
defined only one or two activity domains along the AP axis were selected, resulting in omission
of enhancers of segment polarity genes. Overall, AP enhancers represent cis-regulatory
elements of gap, pair-rule and homeotic genes of the AP gene regulatory network (Nasiadka
et al. 2002). Those elements whose target genes could not be easily classified are referred to
as enhancers of secondary downstream genes.

Names of AP enhancers were standardized to represent their distance in kb to the
closest TSS of their target gene. Overlapping AP enhancers that represent the same regulatory
element are indicated as “broad” and “narrow”.

Overlap of tagged domains with activity patterns of AP enhancers

Activity patterns of AP enhancers were measured using published RNA in situ hybridization
images of reporter constructs (references listed in Supplemental Table S8) and defined as
distribution of the signal along the axis connecting the anteriormost and posteriormost tips of
the embryo. Activity patterns of the enhancers, expressed as percent of the axis length (1-
100%), are provided in Supplemental Table S9.
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Proportion of a tagged domain being overlapped by the activity pattern of an AP
enhancer, i.e. the proportion of active nuclei, was additionally scaled based on the density of
blastoderm nuclei along the AP axis. The number of nuclei within each percent of the axis was
calculated using the embryo model from Drosophila Virtual Expression eXplorer (DVEX.org,
Karaiskos et al. 2017).

Linear correlation between ATAC-seq signal and proportion of active nuclei

Linear regression was performed between ATAC-seq signal defined as the mean normalized
number of Tn5 transposase cuts per base-pair and the proportion of nuclei in a given tagged
domain that displayed transcriptional activity of the considered enhancers. Duplicates of
tagged domains were considered as separate data points, apart from D6 Rep1 that was
omitted from the analysis. For the whole-embryo controls, average values of four Rep1 and
four Rep2 samples were considered.

Enhancers that overlapped drivers of the nuclear marker displayed unusually elevated
ATAC-seq signal in their respective tagged domain. This likely resulted from the presence of
two accessible copies of the element, one in its endogenous locus and one in the attP2
integration site. As this property biased the calculated correlation coefficient and slope of the
linear regression, accessibility signal of these enhancers was additionally corrected by halving
their ATAC-seq signal in their respective tagged domains (for the analysis summarized in
Supplemental Fig. S15). Values of Pearson’s correlation coefficients and slope of the linear
regression, before and after correction, are provided in Supplemental Table S8.

Identification of background regions

Background regions were defined by subtraction of the union of ATAC-seq peaks that were
called in all samples (tagged domains and whole-embryo controls) from the entire Drosophila
genome. Only intervals 1 kb — 50 kb long were considered. After normalization, background
ATAC-seq signal was defined as an average across all tagged domains. Intervals from the top
and bottom deciles were removed before comparison with ATAC-seq signal of active and
inactive enhancers.

Nucleosome occupancy predictions

Nucleosome occupancy over AP enhancers was predicted with the NucleoATAC tool v.0.3.4
(Schep et al. 2015) based on the local size distribution of ATAC-seq fragments. Input intervals
represented extension of AP enhancers by 10 kb upstream and downstream.

Tracks with nucleosome occupancy score (...occ.bedgraph...) were used for
comparison with coverage profiles of 1-100 bp ATAC-seq fragments (smoothed over a sliding
window of 15 bp). Correlations were calculated over individual base-pairs, using mean signal
from duplicates. Only domains representing inactive (0% active nuclei) and active (100% active
nuclei) enhancer states were considered. When multiple tagged domains represented either
state of an individual enhancer, mean correlation over the multiple comparisons was
considered for the box plot in Fig. 7D.
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Sequences of enhancer drivers, DNA linker, basal promoters, UNC84-3xFLAG
and PCR primers

enhancer: hb_anterior_actv

AACAATTGCAACAGGCATTAGTTTATATATCGCTCAGGTAGACGGATGCACGCGTCAAGGGATT
AGATGGGCAGAGGTGACGGGAAGTCAGGTACAGGTCGCGGATCGGTCGGGAATCGAGGATC
ACGGATCGCGGATTGAGGATTGCGCTCTTGATCCATTCTGGATTAGAGCAGAAACAAAAAATTA
TGCGCACTTGGATTTGGATGATCCGGGAGCTTAGCGGATGGCCAGCTTAGCAGCGAGCTGCG
AATTTTCCACCGGTTTTCTATGGGGATTACGTTGGTCAGGAGTCGACAGCAGGAGTAGGCAGC
TAGCGTGGGCAGTTTCGTAGTTAATAATAAAAAGTAAAAAGGATTGCGGGACTTAACTAAATTA
ACGGATCAGAACTGCTTACACCTGCGGGAAAACTCTAAGGACCAACTAAACTATATGCATAATA
TGTGCAGTATAATTATTACACACCCATTTGAAAAACATTTTCCTGACAACAATTTTCCGCCAGAC
ATTTCACTTTGATTTGCGTAGTTTTTCTAATAATTCTCGCATTAAAATTGCTTGTTGCCTATATTTT
TTCCATTTCCAATTTCACACTGAAAAATTGTGCAGTTGCTGCATTTTTGGCTAATTGTTTGTGCT
TTCAAGTAAATATTATTAAAAACGCAAAACGGGAAAAAGGGGCATTTACGGAATATTATTATGG
GAGGATGGTGCTGTGCTA

enhancer: eve_stripe2

AATATAACCCAATAATTTGAAGTAACTGGCAGGAGCGAGGTATCCTTCCTGGTTACCCGGTACT
GCATAACAATGGAACCCGAACCGTAACTGGGACAGATCGAAAAGCTGGCCTGGTTTCTCGCTG
TGTGTGCCGTGTTAATCCGTTTGCCATCAGCGAGATTATTAGTCAATTGCAGTTGCAGCGTTTC
GCTTTCGTCCTCGTTTCACTTTCGAGTTAGACTTTATTGCAGCATCTTGAACAATCGTCGCAGTT
TGGTAACACGCTGTGCCATACTTTCATTTAGACGGAATCGAGGGACCCTGGACTATAATCGCA
CAACGAGACCGGGTTGCGAAGTCAGGGCATTCCGCCGATCTAGCCATCGCCATCTTCTGCGG
GCGTTTGTTTGTTTGTTTGCTGGGATTAGCCAAGGGCTTGACTTGGAATCCAATCCCGATCCCT
AGCCCGATCCCAATCCCAATCCCAATCCCTTGTCCTTTTCATTAGAAAGTCATAAAAACACATAA
TAATGATGTCGAAGGGATTAGGGGCGCGCAGGTCCAGGCAACGCAATTAACGGACTAGCGAA
CTGGGTTATTTTTTTGCGCCGACTTAGCCCTGATCCGCGAGCTTAACCCGTTTTGAGCCGGGC
AGCAGGTAGTTGTGGGTGGACCCCACGA

enhancer: eve_1_ru

GGCCTAATCACTTCCCTGAAATGCATAATTGTGCCGCGGCTTTTGATACGCTCCTGGCGGAGA
GGGAGATGAGGAAAGGATGCACGGGAACCGCAGCCAAGTGGCAGTCGAGATTGGCAAATCC
GCCAGCGGACAATGCCCAGAGAATGGGCAACAAGTAGCGGCGAATTAGCAATCCTATCATGCT
TTTATGGCCGGCCAACTCTTGCCCGCGCATCTCAGTTCATCCGAAGCGGGACCAGGTCCAGG
TTCAAGTCGAGGTCCAGTACCCCTGCTATCCCGTCAACCCCTTTAGGGCGATAATCCTTCTAAA
TGTTTGCATTAATTTCGAGGCGTGGACGGATTAGGGCGTGCTGGCTGGGCGGAACCCGCAGC
AGAAACCGCCGAGGACACTGCACCGACTGACCTGCAGCCTACAGATCTCTGATCTTCGATCTC
TAATCCTTTCGCATTTGCAACTGACTTCTGCACTGGGTCCGCCCCTAATCCTTCCGCCGAGAAG
GCGGCAGAGTCGCGAGGTACTGGCCCGGGGTAATGGGATTATCTGCGATTACCCCAGATGAT
CCGCAGAAAGTCAATCTGGTTCAGGGGCTAATTGTCAGCGAAGTCAACTAAATCCAATCCTTTC
GCGCCCCCTTCTGTTTATTTGTTTGTTTTCGTTTGTTTTGAGAATTTCTGGCAATTAAGTTGCCC
GTTTTGATGCGCGGGGGCGGGTGCATCAAATCCTTTCGGCATACCTGTCCTGCACAAATGCTG
AATTCCGCATCCCATGGATACCCAGATATTCAGATATCCCAAGGCCGCAAAG

enhancer: D_(+4)

CGGGGAGATCCTTAAATACGCAGAAAACTACCAGAGTTACAAAACAGAGAACAGCTTGACCCC
TTTGCAAAACGATCTTGGAAGAGTCCCGCCAGCAAGTTAATGTTTATGGCAGCCACAACCCGA
ACGATAAACATAAACTGAACCTTCCGCGTAAGAAAGGCATTTGGAAATTGCACGGAAAATGTGG
AAAATGAGAACAGCCGACGAGGTCGTCACAATGATTTCACTAGCAAATTGTATCACCGTTATTA
GCTAATCCGTCTGGTCCTTTGTCGCTAATCCGGCGGATTAGCGCGTGCATCTTTCGCCTAAAA
AAGTGCACAAAAACAGACGGATTTTTGGGAAAACTTGAAGGAAATCAATAGTCTGGCTAATCCG
GGTCCAAAGTTACCACAGGTAGCCAAAACACTGCACGAAAAGAGCAACAACAACCCAAACAGA
CAGCGCTAGAAGCATAAAAATCTCGCGACATTTCGCACACTCCTTTCTGCGGACCGGACGCTA
ATCCCCGGTCATAAAGTCGTAAAAAAATCGAAGCAACCGGGAGGCTGCAAATTATATTTGTATA
CAGACGTGACCAAATGGGACGAAAGGCGTGGCTTTTGGGAGTAGGAGGCGTAGGCGAGATG
GGTCGTAAAACGTTCTCGACAATCCTTAAAAACCCAACGAGTTGAAATGGAATTTCAATTATTC
GTGCATCATTTTTTTTGGATGAAATGTTTAAACTATGGATCAGGAAGGCGTGAGCGGGCTTATG
TTTTAAGCTTGGCTTAGTCGGATGGATGGATTGGGCGTTTAGCGAAAGTTAATCACTTCCGTTT
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GGGTTCGGCAAAGGCAACATCCGATATTTGATCATAGATTGTTTTAATGGCTGATTATGGTTGT
AACTAGTTTTATGATCAGAATGTTATGATGCGAAAAATGGCATAAAATTTAACTTGTAAGATTCA
AAGTAGTTACGAAATATAATGTAATAAAGTAGAATAATAAAATACAATATGTTACTTCAGCAGCG
CGAATTCTTGAGCCGCTATTATCTAAAGGATGTCAAATTAAAATGCAATTTTTAAAATGCGGATG
CCGTTCTTTTAATTGATATTTATTATTTACAAAATCTGTAATAGTTTCTAGATTTGAAAAATAGTTA
TCCAATCAAAATACTATAAAAACCTCTTTCCTTACAATACAAATGTATTGTTGAACCCTTTGGAA
GCCTTTACCGCTGTGCACACAAAGTAATGTTCCAAAGAGCTAAGCCAGAAGAATCCAATTTTTA
TATAATTATTCAATATCACGTCAATGCTGGGTAAATATTTGTTTGCAGAGCAAACGGAGAATGGA
GAAACAAGGCATGGAAAAAAGACCAATATCAACAATACGCATAATAACAACAATAATCAATATTT
GATATTTTAACACATTTGACATACAACGTGGAAAACGAAGGGGAGCGGGGCAGAGGGCATTGA
ATAGACTCCCAAAGACTTGAAAACGGCAATCGAAGAGTCAGAGTTCGGGGGAAGACAATGCAA
GTGGATTTATTAATGACCGCAATTATTCTTATTATTATTACGAAAAGAAGCTAAAAATCAAAACG
GAAAAACACGCGTTGATTTCTTTCGCCAGGGTATTCAGTTACACTCCGAATAGTGAGGTCTTAG
AGGGCCCAGGCCCCCCGTTGATCCCGAAAAAAAAACACAATGTGACCCCCATCCAAAGAGC

enhancer: Kr_CD1_ru

AAATCGGGATCCTAAGTTAACTATAATCCAGGCTTAATCACTGGATCAATAACTAAGTAGCATTT
TCCGGGATGGAAATATGAAGTTACCTGCATATGCCTACCGATCCTGAAAACTGCTTTAACTTAA
TCGACATGCATGATCATAAAAAGCAATTTGCTACAATTTATATTTTTTTGCTTTTCCTTCTTTTAA
GCATCTGGGATCTGGATCAGAAAAGAAAAAGTGTAACGCCTACCTTCAGAAACGGATTAAATTT
TTTCAGACAAATAATCCAGCCTTAAGCATGGTGATTAAGCTTGATCCCCTACCAAGGGGCGTAA
TATTGACGGATTTTCCTTAAATCCCTCTGTTAATCTCCGGCTTAGAGCGCGACGCGTTTTTTCG
CGACTCCGCCTGCATTGTTTTTTTTTTCAGTTTCTTCAATTCGCAAGAAGGCAGGCCTATGGAC
CGAATGAGGATCATAATTATGGAATTCCTAAATAAACTAAGAAGGGCAGTCGGCATAGTATTGA
TCTACCTGTAAGCGTGGGTTCTATCTTTGCCCCTCGCATTCGAGACTCTCTAGTCACAGGTAGA
CCAGCCTTGAGTTCGTCGGCAATTAAGAAGTCAAATTTCTCTTAAAAACAACAAAAAATGTCAAA
GTAAAAACAATGCAAAAAATATGTGTAACTGAACTAAATCCGGCTTAGGATTCTTGCGTCATAAA
CATGACTAGGGAGCCATTAAAATTTGATAATTTGCATGTCACTTGTGCACCGTAAACGAAGCCA
ACACATCGGCTGAAACCCAGCGTCATTTATGCTATGCTATCTCACTCTTTTGCATAATTTTTTTA
AATTATTGACTTGTCTTTTTTACGAATGCAAAGGAAGTACTTGTGTACTTCCGTTTTTCAAAGTC
CGATTTTATTATCTACCTGCAATTTATAATGACAACCAAGTTTTTAACATTCCAAAACGTGGTTTT
TTGAGTTCAATAAGCTTCATTTTTTAAAGGCTCTTTTCGAACCACATTAACATTTGCGGTTACGT
TTTTGTAGAAATTTTCCATAGCTGCATAAAGGTACAAGTTTCATTTATTTGATGGGAAAATGAATT
AGAGACCAGCACGATCTTTAACAGAAACAAAAAGGCGTGGATATTGTTATATGTACAAAAACAA
CCATGGCATATACGTATGTATTGTATATCCTAATTCGGCCTTCCTCTTATTTAATCACTTGCAAT
AATTTTCAACTATACAGATCAGCAATCAAAGTTCTTGATCCAATCGCTATAGTAACCAGATGCGC
AAGCTGATAATTTATTGAAAACTTTTTTCTTAGGATTCTTCCATATTAAGCATTTCCCTTGCTGTG
ACCTCGATTCAAAAGAAAGCACTGATTTAATGCAGGTAATCGTCAAAAAAATAA

enhancer: eve_stripe5

GGGCGGGTGCATCAAATCCTTTCGGCATACCTGTCCTGCACAAATGCTGAATTCCGCATCCCA
TGGATACCCAGATATTCAGATATCCCAAGGCCGCAAAGTCAACAAGTCGGCAGCAAATTTCCC
TTTGTCCGGCGATGTGTTTTTTTTTTAGCCATAACTCGCTGCATTGTTTGGGCCAAGTTTTTCTT
CTGCCAAATTGCGGAGATGATGCGGGGATTATGCGCTGATTGCGTGCAATTATGGACATCCTG
CGAGGCCCCGAGGAACTTCCTGCTAAATCCTTTCATCCGCCTACAGAACCCCTTTGTGTCCCG
TTCGCCGGGAGTCCTTGACGGGTCCTTCGACTATTCGCTTACAGCAGCTTGCGTAAAATTTCAT
AACCCTACGAGCGGCTCTTCCGCGGAATCCCTGGCATTATCCTTTTTACCTCTTGCCAATCCGT
TGGCTAAAAAACGGCTTCGACTTCCGCGTAACTGCTGGACAACAAAGACAAAAAACGGCGAAA
GGACGGCGATTTCCAGGTAGCATTGCGAATTCCGTCAAACTAAAGGACCGGTTATATAACGGG
TTTATATGGCCAGAATCTCTGCATCTCCACGACCGCCAGAAGCTGCGTAAAACTGCAGGCTCT
GTTTTGATTTCTGCAACTTCAGTTAATTGCCCGGGATGGCCAGCAATTGCCGGCAATTATAAAA
CAGCGCAGATGTGACTCAGCTTCCATATCTAACTCTATATCTCATGCCGAAAATCTAGGGTGGG
GAGCGGAGGGGCGGGGTGCGTGGGTGACTTGCCTGCCA

enhancer: gt_(-3)

CTGCTCGTGTTTGCCCTCCTCCTTAAACATCCTTGATTCTACGTCCTTTATCCCTTTGGCTTCCG
CTGCGGCGTGGGATGTGGGATCCTCGACAAGTTGTTTCACTTTGTTAACTGTTTGTCCTAACG
GTCGCCTCGACAGCCAACGGAAGTGGGTAGCGGTACAAAGTTGGCTATCATCCATGGGAAAT
GTTATGCTAGATACTTACTGCAGCTAATTCGAGGACATAACGTAGTTTAGATTTGTTACGCTGAA
ATGTTATCAAATCCTATCAACAATACCTACATTATATACTATCTTTCATTCATTCTCTTTTTACAAC
TGCCCATTCAGGGGGATTGGGTGAATTGCAAATAAAAAGAGGGATCGATCGATGGTAATCAGT
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AAAAAACCGCGAACTTATCCGCTAATCCGTGCGCTAATCCAACCGTAAAAATGGTGGATTAAAC
TAAAACTCGGACCGTCACGTCGCCGTCATTGAGTCGATCCCTTACCTGCGGTTACCGGGCCCG
AACCCGAGCCCTTCCAGATCCTGGACATACGTATAGCCCAGCCCAATCGATCCCGAGCAGATG
CCATAAAAAGTCGCGGCCGAAGTCGAAGCCAAAGAGTTGCCAAGTTCGGTGTAAAAACCAGAT
TCAGCGAAAAAAAAACGTAAAAAACAGCAGGCCATAAAACCATATATTCATATACTCGGACTGC
TGTTCCTTCGCCATAATGAGCTCCGAACCAAAGATGCAATATTTGTGCAATCCTTTGAGTTGTG
ACCTTGGGCGCGTTTTTTACGGAATCATCTACCTGATGGCCGAACGGGTTGCCCACCCACGGT
ATGCGCTGTATTAGGCTGTTATGCTGTTGCCTAAAAAACATCCAAAGTTTTATTGCATAATGGAC
GCTTCGTGCGAAAAGGCCTCATTCCGAGTCCGCGGGCCCTAAAACCGCTGCAGTTTTTTAAGG
AGCCATAAACTGATATTTCGGACACCGGCGGTCCTTAAAAAAAAAAGGGTTCTCTCCTCCGACC
ATTGTGGCTGCGATTTTTATATTGGTCCGCTGCTAGGTGACAAAGAAAATCAGCGACTAATTGA
CTGAAAGGGGTTTTGCCTTATATGACCCGTCCCACCCGTCCAAAAAAGGGTGAGGAGTGGTTT
GGATTTGGATTCGTGCTTGGTTTCGGGGAATTGCCGTTAACTCCTTTCGCGGCCCTTTGTC

linker DNA

TCCAGTGTGGTGGAATTCTGCAGATATCCAGCACAGTGGCGGCCGCTCGAGTCTAGAGGGCC
CTTCGAA

basal promoter: Hs43

AAGAGCGCCGGAGTATAAATAGAGGCGCTTCGTCTACGGAGCGACAATTCAATTCAAACAAGC
AAAGTGAACACGTCGCTAAGCGAAAGCTAAGCAAATAAACAAGCGCAGCTGAACAAGCTAAAC
AATCTGCAG

basal promoter: DSCP

GAGCTCGCCCGGGGATCGAGCGCAGCGGTATAAAAGGGCGCGGGGTGGCTGAGAGCATCAG
TTGTGAATGAATGTTCGAGCCGAGCAGACGTGCCGCTGCCTTCGTTAATATCCTTTGAATAAGC
CAACTTTGAATCACAAGACGCATACCAAAC

nuclear tag: Unc84-3xFLAG

ATGGCTCCCGCAACGGAAGCCGACAACAACTTCGACACCCATGAATGGAAATCGGAATTCGCA
TCCACACGCTCTGGACGCAATTCTCCAAACATTTTTGCAAAAGTTCGCCGGAAGCTTCTCCTGA
CTCCACCAGTTCGAAACGCCAGATCGCCACGTCTTACCGAAGAAGAGCTGGATGCTTTGACAG
GCGACTTACCATACGCAACCAACTACACATACGCATACAGCAAAATCTACGATCCATCCTTGCC
GGACCACTGGGAAGTGCCAAACCTTGGTGGTACTACTTCAGGATCACTCTCTGAGCAGGAGCA
CTGGTCAGCGGCCAGTCTCAGCAGACAGCTTCTCTATATCCTCCGTTTCCCCGTCTACCTTGTT
CTTCACGTCATCACCTACATTTTGGAAGCTTTCTACCACGTCATCAAGATCACTAGCTTCACCAT
CTGGGACTACCTGTTGTATTTGGTGAAACTCGCGAAAACTCGTTACTACGCCTACCAAGATCAT
CGTCGCCGTACAGCTCTCATTCGCAACCGGCAAGAGCCATTCTCCACTAAGGCTGCTCGTTCT
ATTCGTCGATTCTTTGAGATCCTTGTCTACGTCGTGCTTACTCCTTACAGAATGCTCACAAGAA
GTAACAATGGCGTGGAACAGTACCAGTACCGTTCGATCAAGGATCAATTGGAAAATGAGAGAG
CTAGCAGAATGACGACAAGATCCCAAACATTGGAAAGAAGCCGCAAGTTTGATGGATTATCGA
AATCACCAGCACGCCGAGCAGCTCCAGCCTTTGTGAAGACTAGTACAATTACCAGAATCACTG
CCAAGGTGCTCTCGAGCTCTCCATTCGGAGAAGGAACGTCCGAAAATATAACCCCGACTGTTG
TGACTACTAGAACAGTGAAGCAACGCTCAGTTACCCCAAGATTCCGCCAAACCCGTGCCACTC
GTGAAGCTATAACTCGAGCACTCGATACTCCGGAACTCGAAATCGACACACCACTCTCCACAT
ATGGACTTCGAAGCCGAGGACTGAGTCATCTGAATACTCCTGAACCAACTTTTGACATTGGTCA
TGCTGCTGCAACTTCCACGCCTTTGTTCCCACAAGAAACTTACAATTATCAATACGAAGAAGCG
ACAGGAAATAAGATTAAAACTGCATTCACTTGGCTAGGTTACTTGATATTGTTCCCGTTCTTTGC
GGCACGACATGTATGGTATACGTTCTACGATTATGGAAAGAGTGCCTACATGAAGCTGACCAAT
TATCAGCAAGCGCCAATGGAGACTATTCATGTCAGAGATATCAACGAACCGGCACCAAGTTCA
TCAGATGTTCATGATGCTGTTGGTGTTTCTTGGAGAATTCGAATTGCCGATTTCTTGAGCTCATT
CGTAGCAACAATCGTTGAAGCGCATCAAGTGGTATTTGCAATGTTCAAAGGAGGAATTGTCGA
GACAGTTTCCTATTTTGGAGGACTATTTGCTGGTCCTACCGATAAGAAATCATCAAAGTTCTCG
TGGTGTCAAATTCTCGGTCTACTTCTGGCTCTTCTCTTCGCCATCTTTCTCCTTGGATTCCTGAC
ATCTGACAACACAGCAATAAGAGTTAAAGAAATTACCAAAGATAAGAATGCATCTAAGAAGTCG
GAAGGATCCCTCCCAGCTGTGCCAATCTGGATTTCAGCTGCAAATCACGTTAAACATTACACAT
GGATGGTGAAGGAATTTGTTGTAGATATTGCATTTGACACGTACAACTATGGAAAGTCGACGAT
TGGTAGACTTGGCACTACTCCACGTTATGCTTGGGACCTGATTGCAAGCGGATGTGGCGCTGT
TGGAAATGGCTTAAAATCTGTGCTCTCATCGAGTTTTCGATTCATCGATTTTTGTGCTGGAAAG
CTATTTTACTATGGCTCAGATGGGTTCTTGTCAGCAAACAAGTCTATCGGAACCTTTTTCAACG
GTTGCTACGAAACCTTGTACAACGGATGCACAGCAATTGTTGGCCATACAAAGAGCTTCATCTA
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CAATGCTTCAAATGCTGTTTACAACTTTTTCTCAACTATCTTTGCCGGCCTCTTAAACTTTTCTAC
TTCTTCCCAAAACTCCATTCTTTCTCTTCTCAAGTCATTTGGCACCGGAATCACTAACATTTTTTA
TAACTTCATTTATGCACCAATCGCTGGAGTGTTCAACTTTGCTGGTGATAACTACATGTATTTCT
TCAATGAGGTAGCGGCAGTCTTTGGAAAAGTGTACAACTCCGTGGTTTCCGTGCTCAAAACTG
TAATTAACTGGATTCTCTTCCTCATTGCCTACCCATTCAGTTTGTGCACTCGTGCTTGGATTCGC
ATCAGCCAATATGCTCCAGAAGATGTTGTTCAAGTGATTCCAATTCCACAAGCTATTACCCCAA
CTCCGGATGTGGAGCGTATTGTTGAAGAGCCACTGAGAAAAGTCACCGATGTGGAGGACGAA
GAACTAGTGATAATTCCCGCCCCCGCACCTAAACCTATCCCAGTCCCAGCGCCAACTCCGGCC
CCAGTAATTATCCATCAGACTAACGTTGTTGAGACTGTTGACAAAGATGCCATCATTAAGGAGG
TAACGGAGAAGCTTCGCGCCGAGTTGTCCGCCCAATTCCAGCAAGAGCTTAGCGCAAAGTTTG
AGCAAAACTACAACACAATTATTGAGCAACTGAAAATGGAAAACACCAACATTCAATATGATAAG
AATCATTTGGAAGCTATCATCCGTCAAATGATCTACGAGTATGACACGGATAAAACTGGGAAAG
TTGACTATGCCCTGGAGAGCTCAGGTGGAGCTGTTGTGTCAACAAGATGCTCGGAGACGTACA
AAAGCTACACAAGGCTGGAAAAGTTTTGGGATATCCCAATCTACTATTTCCATTACTCTCCAAG
AGTTGTCATTCAGAGAAATTCCAAATCCCTGTTTCCTGGGGAATGCTGGTGCTTCAAAGAATCC
CGTGGCTACATTGCTGTCGAGCTGTCTCATTTCATTGATGTTTCTAGCATCAGCTATGAGCACA
TTGGATCAGAAGTTGCTCCAGAAGGGAACCGGTCGAGTGCTCCAAAGGGAGTCCTCGTTTGG
GCTTACAAGCAGATTGACGACCTGAACTCGAGAGTTTTGATTGGCGACTACACTTATGATCTTG
ATGGCCCGCCACTTCAATTCTTCCTTGCCAAGCACAAACCCGATTTTCCTGTCAAGTTTGTGGA
GCTCGAGGTGACAAGCAATTACGGAGCTCCGTTCACATGTCTCTACCGCCTTCGTGTTCATGG
AAAAGTTGTTCAAGTTCTGGCCGAGGCCGCCGCCAAGGAGGCCGCCGCCAAGGAGGCCGCC
GCCAAGGAGGCCGCCGCCAAGGCCGCCGCCGACTACAAAGACCATGACGGTGATTATAAAGA
TCATGACATCGATTACAAGGATGACGATGACAAGTGA

fw primer: hb_anterior_actv AACAATTGCAACAGGCATTAGT
rv primer: hb_anterior_actv TAGCACAGCACCATCCTCCC
fw primer: eve_stripe2 AATATAACCCAATAATTTGAAGTAACT
rv primer: eve_stripe2 TCGTGGGGTCCACCCACAACTA
fw primer: eve_1_ru GGCCTAATCACTTCCCTGAA
rv primer: eve_1_ru CTTTGCGGCCTTGGGATATC
fw primer: D_(+4) CGGGGAGATCCTTAAATACGCAGAA
rv primer: D_(+4) GCTCTTTGGATGGGGGTCACATT
fw primer: Kr_CD1_ru AAATCGGGATCCTAAGTTAACT
rv primer: Kr_CD1_ru TTATTTTTTTGACGATTACCTGCA
fw primer: eve_stripe5 GGGCGGGTGCATCAAATCCTTTCGG
rv primer: eve_stripe5 TGGCAGGCAAGTCACCCACGCACC
fw primer: gt_(-3) CTGCTCGTGTTTGCCCTCCTCCTT
rv primer: gt_(-3) GACAAAGGGCCGCGAAAGGAGTTA
fw primer: UNC84 coding sequence ATGGCTCCCGCAACGGAAG
rv primer: UNC84 coding sequence AACTTGAACAACTTTTCCATGAACAC
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