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ADDITIONAL MATERIALS AND METHODS

Generation of the SoxNDam transgenic line

SoxN was first PCR-amplified with specific primers from the LD44245 clone (Drosophila

Genomics Resource Center) and then cloned (EcoRI-NotI) into pCMycDam. SoxN-Myc-

Dam was then excised and cloned (EcoRI-XbaI) into pUAST. Plasmid DNA was injected

into w1118 embryos together with a helper plasmid carrying P element transposase [1]. 

Gene expression

Embryos from SoxNU6-35/CyO, twi-Gal4 UAS-EGFP X Df(2L)ED647/CyO, twi-Gal4 UAS-

EGFP crosses were collected, dechorionated and kept in PBS on ice. For stage 10 and

older, approximately 200 SoxN-/- and SoxN+/- embryos per replicate were selected under a

fluorescence dissecting microscope on the basis of GFP expression. The standard FlyChip

protocol was used for the subsequent steps [http://www.flychip.org.uk]. RNA was

recovered using TRIzol extraction followed by ethanol precipitation. RNA was then

retrotranscribed into cDNA and a second strand synthesis reaction was performed to yield

double-stranded cDNA. Amplification and labelling of cDNA with Cy3 and Cy5 was

performed using the Klenow fragment of DNA polymerase and random priming. For earlier

stages of development, a PCR-based method for genotyping single embryos was

employed [2]: Individual embryos were squashed with a tip in 14.5 μl of PBS, and 3.5 μl

were used for genotyping with a PCR assay designed to amplify part of EGFP and a

region of chromosome X. The remaining 11 μl were stored at -80C after the addition of 30

μl of TRIzol (Life Technologies), and then combined together or discarded after the

genotype of each sample was known. For each replicate, 12 homozygous mutant and 12

control embryos were amplified using the SMART method (Clontech) prior to labelling for

microarray analysis. In all cases, sample and control DNAs were precipitated, combined

together and denatured prior to loading onto FlyChip FL003 long oligonucleotides arrays



(GEO platform GPL14121). Slides were hybridized for 16 hours at 51°C, washed and

scanned using a GenePix 4000B scanner. Each experiment was performed in

quadruplicate.

DamID

Embryos from Dam, SoxNDam, DDam, SoxNU6-35/CyO, Dfd-YFP; DDam and SoxNDam;

Dr72/TM6B, Dfd-YFP stocks were collected, dechorionated and kept in PBS on ice.

Approximately 2.5 mg dry weight of embryos per replicate were used for the SoxNDam

reference profile. For the comparative experiments examining SoxN and Dichaete binding

in mutants, approximately 200 embryos per replicate were collected from the SoxNU6-

35/CyO, Dfd-YFP; Ddam: SoxNDam; Dr72/TM6B, Dfd-YFP: Ddam: SoxNDam and Dam

lines. For the mutants, YFP negative embryos were selected under a fluorescence

dissecting microscope. Samples were then processed according to the method of Vogel

and colleagues [3]. Genomic DNA was extracted using the Qiagen DNeasy blood and

tissue kit and precipitated with ethanol. DNA was digested overnight at 37°C with DpnI to

cut methylated GATC sequences and the fragments were ligated to a double-stranded

adapter oligonucleotide. Ligation products were subjected to DpnII digestion to remove

unmethylated GATC sequences and amplified by PCR. Klenow labelling by random

priming was used to incorporate Cy3 and Cy5 into the DNA. After combining samples with

Dam-only controls, DNA was loaded onto NimbleGen Drosophila melanogaster Whole

Genome 2.1M tiling arrays (GEO platform 15641). For each experiment, three arrays,

corresponding to three biological replicates, were hybridized overnight at 42°C, then

washed and scanned the following day.

ChIP-on-chip

ChIP followed by microarray hybridization was performed as described by Sandmann and



colleagues [4]. SoxND1 and SoxND2 are polyclonal antisera raised in rabbit immunized

with protein fragments corresponding to amino acids 2-92 and 317-417 of SoxN,

respectively, and were produced by the modENCODE consortium (a gift of N Negre and K.

White). SoxNPA179 is an affinity-purified rabbit polyclonal antibody designed against a

506-LHYQTDSPDLQQQHQS-521 peptide at the C-terminal of SoxN, commissioned from

Eurogentec. A mouse monoclonal antibody against βGal (40-1a, Developmental Studies

Hybridoma Bank, DSHB) was used for control immunoprecipitations. Following

dechorionation, approximately 2.5 mg wet weight of embryos per replicate were

crosslinked with formaldehyde and lysed to extract protein-DNA complexes. After

sonication, chromatin average size (~500 - 1000 bp) was checked by electrophoresis.

Chromatin was then incubated overnight with protein A agarose beads, salmon sperm

DNA and anti-βGal (control) or anti-SoxN antibodies. After extensive washes, crosslinking

was reversed by incubation at 65°C for 6 hours and DNA isolated through phenol-

chloroform extraction. DNA was amplified with two rounds of ligation-mediated PCR, then

labelled by Klenow amplification and random priming, and hybridized onto NimbleGen

Drosophila melanogaster Whole Genome 2.1M tiling arrays (GEO platform 15641)

overnight at 42°C. Each experiment was performed and hybridized in triplicate.

Data analysis

Gene expression arrays were processed according to established FlyChip pipelines

[http://www.flychip.org.uk]. Scanned images were imported into Dapple [5] for spot finding

and quantification, raw data was normalised with the variance stabilization method (VSN)

[6]. Experiments performed at different stages of embryonic development were analysed

together with the limma Bioconductor package [7] to retrieve probes differentially

expressed (p ≤ 0.05) over the timecourse. Nimblescan was used to quantify features on

the scanned images of DamID and ChIP microarrays. Quantile normalisation was applied



to the raw data before using the Ringo Bioconductor package [8] for peak calling at

different FDRs. Window scores (SGR) and binding intervals (BED) files were visualised

with the Integrated Genome Browser, [9]. The SoxNDam, DDam, SoxN-DDam and D-

SoxNDam DamID experiments were quantile normalised together and the resulting ratios

were used to perform pairwise and three-way comparisons between the datasets with

SimBindProfiles [10]. This tool does not rely on peak calling, but directly compares binding

profiles, allowing the retrieval of commonly and differentially bound regions between

datasets, as well as trans- and over-compensation events. The BEDTools suite [11] was

used for operations with BED files. Assignment of intervals to genes was performed using

a custom script identifying the closest TSS in a 10 kb window. If no TSSs were found, the

interval was assigned to the closest gene boundary in the same 10 kb window or left

otherwise unassigned. GO:BP terms enrichment analyses were performed using BiNGO

[12], a Cytoscape plugin. Terms were considered significant if their p-value, corrected for

multiple hypothesis testing with the Benjamini-Hochberg method, was below a 0.05

threshold. The HOMER software suite [13] was utilised for both de novo motif discovery

and to find enrichment of previously known motifs. Mapping de novo motif matches to the

Drosophila genome was done using FIMO at a p-value cut off of 1E-4 [14]. To assess the

similarity of binding datasets, an algorithm performing pairwise comparisons of BED files

and relying on a subsampling-based approach was employed [15, 16]: Embryonic binding

datasets from the BDTNP (Berkeley Drosophila Transcription Network Project) [17] and

modENCODE (Model Organism Encyclopedia of DNA Elements) [16, 18] projects were

used. FlyExpress [19] was used for the production of genome-wide expression maps. For

network analysis, the whole DroID database [20], with the exception of TF-gene,

microRNA-gene and predicted protein-protein interactions was used. The resulted network

was imported into Cytoscape [21] and used for further analysis.



SimBindProfiles

The SimBindProfiles Bioconductor package [10] identifies common and unique binding

regions in genome tiling array data. This package does not rely on peak calling, but

directly compares binding profiles processed on the same array platform. It implements a

simple threshold approach, thus allowing retrieval of commonly and differentially bound

regions between datasets as well as events of trans- and over-compensation. In order to

identify probes or regions that are similarly or differentially bound between the data sets,

we implemented the twoGaussiansNull method established in the Ringo package to set a

bound cut-off, probes above this threshold are considered "bound". When comparing two

datasets, a probe is considered uniquely bound in one data set if it is bound above a

diff.cutoff threshold (in our case we used a diff.cutoff threshold of 75% of the bound.cutoff

of the other data set). The R package is available from BioConductor

[http://www.bioconductor.org/packages/2.14/bioc/html/SimBindProfiles.html].

Immunohistochemistry

After collection and dechorionation, antibody staining of embryos from SoxNU6-35/CyO, twi-

Gal4 UAS-EGFP X Df(2L)ED647/CyO, twi-Gal4 UAS-EGFP or Kr-Gal4/CyO X UAS-SoxN

crosses was carried out essentially as described by Patel [22]. The following primary

antibodies were added at the indicated concentration and left rolling overnight at 4°C: anti-

Ac (1:3, [23]), anti-Antp (1:20, [24]), anti-Ase (1:400, [25]), anti-Cas (1:500, [26]), anti-Ct

(1:100, [27]), anti-D (1.100, [28]), anti-Dbx (1:500; [29]), anti-Hb (1:200, [30]), anti-Hkb

(1:250, [31]), anti-Insc (1:500, [32]), anti-Kn (1:500, [33]), anti-Kr (1:500, [34]), anti-L'sc

(1:300, [35]), anti-Lola (1:50, [36]), anti-Mid (1:500, [37]), anti-Nerfin-1 (1:1000, [38]), anti-

Nub (1:250, [39]), anti-Pdm2 (1:5, [40]), anti-Poxn (1:100, [41]), anti-Pros (1:4, [42]), anti-

Run (1:200, [34]), anti-Sc (1:300, [35]), anti-Sema-1a (1:1000, [43]), anti-Sna (1:100, [31]),

anti-Spdo (1:1000, [44]) and anti-Wor (1:1000, [32]). Following extensive washes,



biotinylated secondary antibodies (Vector Labs) were added at a 1:200 concentration and

left for 2 hours rolling at room temperature. After washes, detection was performed by

incubating embryos for 1 hour with the Vectastain ABC system. Colour development was

achieved by addition of DAB and H2O2 to embryos in watchglasses. After washing,

embryos were left to sink in 50% and then 70% glycerol, mounted on slides and observed

with a Zeiss Axioplan microscope. 

RNA in situ hybridization

RNA in situ hybridization to embryos from SoxNU6-35/CyO, twi-Gal4 UAS-EGFP X

Df(2L)ED647/CyO, twi-Gal4 UAS-EGFP crosses was performed as described by Tautz

and Pfeifle [45]. cDNA clones for ey, gcm and toy were obtained from the Drosophila Gene

Collection. Probes were synthesized by random priming and Klenow-mediated

incorporation of DIG-11-dUTP.



ADDITIONAL FIGURE LEGENDS

Figure S1: SoxN gene expression and binding datasets. (A) Differential GO:BP

enrichment of the three groups of genes. Only the 25 most enriched terms for each

dataset are shown (See Table S1E, S1G and S1I for the full enrichments). (B) Pairwise

comparisons (colour-coded by z-score) between SoxN FDR25 binding datasets. (C)

Proportional Venn diagram showing the overlap between the lists of genes assigned to

each binding dataset.

Figure S2: Features of SoxN binding. (A) Histogram and probability density showing the

minimum distance between SoxN binding intervals and TSSs. (B) Differential GO:BP

enrichment for genes assigned to intervals hitting intergenic regions, introns or exons.

Only the 25 most enriched terms for each dataset are shown (See Table S2J, S2K and

S2L for the full enrichments). (C) Percentage GC content of SoxN binding intervals and

surrounding areas. (D) Sequence conservation, expressed as average phastCons score,

of the areas surrounding SoxN binding intervals. (E) Top three known motifs

overrepresented in the SoxN core dataset. Their best TF match and associated p-value

are shown.

Figure S3: SoxN and the chromatin landscape. (A) Pairwise comparisons (colour-coded

by z-score) between the SoxN core dataset and binding datasets of TFs from the

modENCODE (.M suffix) project. (B) Colour-coded z-scores of pairwise comparisons

between the SoxN core dataset, chromatin binding and modifying proteins, histone

modifications  and TFs datasets from the modENCODE project (.M suffix). 

Figure S4: Expression of SoxN direct targets in SoxN mutant embryos. Expression

patterns of a selection of SoxN direct targets identified in this study in SoxN heterozygous



(left) and homozygous embryos (right). With the exception of gcm, ey and toy (in situ

hybridization), all the images represent immunohistochemistry stainings. (A) Sim, a

negative control not showing any expression disruption (B) Proneural genes; (C) NBs

temporal identity genes; (D) Genes involved in NBs asymmetric divisions and

differentiation, and/or in gliogenesis; (E) Genes involved in different aspects of neural

development; (F) Genes involved in the development of neuronal projections. All embryos

are shown as ventral views with anterior orientated to the left.

Figure S5: Differences in genes targeted by SoxN and D in wild type embryos.

Differential GO:BP enrichment of genes uniquely bound by SoxN, uniquely bound by D or

bound by both factors. Only the 25 most enriched terms for each dataset are shown (See

Table S5Q, S5R and S5S for the full enrichments).

Figure S6: Changes in SoxN and D binding in wild type, D and SoxN mutant

embryos. GO:BP enrichment of genes associated with the five types of events. (A)

Changes in SoxN binding in wild type and D mutants. Only the 25 most enriched terms for

each dataset are shown (See Table S5D” - S5H” for the full enrichments). (B) Changes in

D binding in wild type and SoxN mutants. Only the 25 most enriched terms for each

dataset are shown (See Table S5I" - S5M" for the full enrichments).



ADDITIONAL TABLE LEGENDS

Table S1: Genes differentially expressed genes in SoxN mutants. (A) Probes showing

differential expression in SoxN mutants, together with their IDs, expression values and p-

values. (B) List of differentially expressed genes. (C) GO:BP enrichment of differentially

expressed genes. (D) List of downregulated genes. (E) GO:BP enrichment of

downregulated genes. (F) List of upregulated genes. (G) GO:BP enrichment of

upregulated genes. (H) List of variable genes. (I) GO:BP enrichment of variable genes.

Table S2: The SoxN core dataset. (A) Genomic coordinates of intervals in the core

dataset. (B) List of genes assigned to the core dataset. (C) GO:BP enrichment of genes

assigned to the core dataset. (D) Genomic coordinates of intervals in the core dataset

hitting intergenic regions. (E) Genomic coordinates of intervals in the core dataset hitting

introns. (F) Genomic coordinates of intervals in the core dataset hitting exons. (G) List of

genes assigned to intervals in the core dataset hitting intergenic regions. (H) List of genes

assigned to intervals in the core dataset hitting introns. (I) List of genes assigned to

intervals in the core dataset hitting exons. (L) GO:BP enrichment of genes assigned to

intervals in the core dataset hitting intergenic regions. (M) GO:BP enrichment of genes

assigned to intervals in the core dataset hitting introns. (N) GO:BP enrichment of genes

assigned to intervals in the core dataset hitting exons.

Table S3: SoxN direct targets. (A) List of SoxN direct targets. (B) GO:BP enrichment of

SoxN direct targets. (C) Gene expression data for direct targets downregulated in SoxN

mutants. (D) Gene expression data for direct targets upregulated in SoxN mutants. (E)

Gene expression data for direct targets variably expressed in SoxN mutants.

Table S4: Genes bound by SoxN and mouse Sox2 or Sox11. (A) List of Drosophila



genes with mouse orthologs bound by Sox2. (B) GO:BP enrichment of SoxN - Sox2 bound

genes. (C) List of Drosophila genes with mouse orthologs bound by Sox11. (D) GO:BP

enrichment of SoxN - Sox11 bound genes. (E) List of Drosophila genes with mouse

orthologs bound by Sox11 but not Sox2. (F) GO:BP enrichment of SoxN and Sox11 but not

Sox2-bound genes.

Table S5: SoxN and D binding in wild type, D and SoxN mutant embryos. (A)

Genomic coordinates of intervals bound by both SoxN and D. (B) Genomic coordinates of

intervals uniquely bound by SoxN. (C) Genomic coordinates of intervals uniquely bound by

D. (D) Genomic coordinates of intervals bound by SoxN showing no change in wild type

and D mutant embryos. (E) Genomic coordinates of intervals bound by SoxN showing

compensation in D mutant embryos. (F) Genomic coordinates of intervals bound by SoxN

showing increased binding in D mutant embryos. (G) Genomic coordinates of intervals

bound by SoxN showing de novo binding in D mutant embryos. (H) Genomic coordinates

of intervals bound by SoxN showing loss of binding in D mutant embryos. (I) Genomic

coordinates of intervals bound by D showing no change in wild type and SoxN mutant

embryos. (J) Genomic coordinates of intervals bound by D showing compensation in SoxN

mutant embryos. (K) Genomic coordinates of intervals bound by D showing increased

binding in SoxN mutant embryos. (L) Genomic coordinates of intervals bound by D

showing de novo binding in SoxN mutant embryos. (M) Genomic coordinates of intervals

bound by D showing loss of binding in SoxN mutant embryos. (N) List of genes associated

with both SoxN and D binding. (O) List of genes exclusively associated with SoxN binding.

(P) List of genes exclusively associated with D binding. (Q) GO:BP enrichment of genes

associated with both SoxN and D binding.  (R) GO:BP enrichment of genes exclusively

associated with SoxN binding. (S) GO:BP enrichment of genes exclusively associated with

D binding. (T) List of genes associated with SoxN binding intervals with no change. (U) List



of genes associated with SoxN compensated binding intervals. (V) List of genes

associated with intervals displaying SoxN increased binding. (W) List of genes associated

with SoxN de novo binding intervals. (X) List of genes associated with SoxN loss binding

intervals. (Y) List of genes associated with D binding intervals with no change. (Z) List of

genes associated with D compensated binding intervals. (A") List of genes associated with

intervals displaying D increased binding. (B”) List of genes associated with D de novo

binding intervals. (C") List of genes associated with D loss binding intervals. (D”) GO:BP

enrichment of genes associated with SoxN binding intervals with no change. (E”) GO:BP

enrichment of genes associated with SoxN compensated binding intervals. (F”) GO:BP

enrichment of genes associated with intervals displaying SoxN increased binding. (G”)

GO:BP enrichment of genes associated with SoxN de novo binding intervals. (H”) GO:BP

enrichment of genes associated with SoxN loss binding intervals. (I") GO:BP enrichment of

genes associated with D binding intervals with no change. (J") GO:BP enrichment of

genes associated with D compensated binding intervals. (K") GO:BP enrichment of genes

associated with intervals displaying D increased binding. (L") GO:BP enrichment of genes

associated with D de novo binding intervals. (M") GO:BP enrichment of genes associated

with D loss binding intervals.

Table S6: SoxN and D binding intervals targeting FlyLight enhancers with reported

CNS expression. (A) Genomic coordinates of FlyLight enhancers targeted by both SoxN

and D. (B) Genomic coordinates of FlyLight enhancers targeted uniquely by SoxN. (C)

Genomic coordinates of FlyLight enhancers targeted only by D.
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