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Supplementary methods
Details of our analysis not covered in the main paper can be found below. For a description of the central part of the analysis we refer to the Methods section of the main paper. A visual representation of the workflow of our approach can be found in Supplementary Fig. S1. The workflow of the standard transcription factor binding site (TFBS) analysis, which is not able to predict local enrichment of TFBSs and which we used for comparison, is shown in Supplementary Fig. S4.
Co-expressed sets of genes
We obtained micro-array gene expression data for 79 human and 61 mouse tissues and cell lines from the GNF GeneAtlas dataset [1], and for mouse dendritic cells (DCs) stimulated with a number of immune stimuli 
 ADDIN EN.CITE 
[2]
. For each dataset raw intensity data were processed to calculate robust multi-array average (RMA) values. Genes with at least 3-fold differential expression were selected. Expression values for each gene were rescaled to mean 0 and standard deviation 1, and dimension reduction was performed with principal component analysis. Gene expression patterns were hierarchically clustered with Ward’s algorithm and divided into subclusters. All analyses were performed using R and Bioconductor. See Supplementary Tables S1, S2 and S3 for a simple annotation of the obtained clusters of co-expressed genes.
For the mouse GNF GeneAtlas data, we obtained 8,443 genes in 44 clusters (see Supplementary Table S1). For the human GNF GeneAtlas data, we obtained 10,415 genes in 32 clusters (see Supplementary Table S2). Finally, for the mouse DCs dataset, we obtained 1,675 genes in 18 clusters (see Supplementary Table S3).
Promoter sequences

We used a combination of DBTSS [3], CAGE data 
 ADDIN EN.CITE 
[4]
, and annotation data from the UCSC Genome Browser 
 ADDIN EN.CITE 
[5]
 to define TSS positions for both human and mouse genes, as described before [6]. We extracted the regions from -3kb to +2kb around the TSS of each gene of the hg19 and mm9 version of the human and mouse genome, respectively. In order to avoid biases in results caused by highly similar pairs of sequences, we iteratively removed a sequence if it was similar to one or more other sequences within the set S. In practice we ran an all-to-all BLAST alignment for all sequences, and used BLAST E values as indicator for sequence similarity, with a threshold value of 1e-10.
Prediction of transcription factor binding sites
From the TRANSFAC 
 ADDIN EN.CITE 
[7]
 and JASPAR 
 ADDIN EN.CITE 
[8]
 databases all vertebrate position weight matrices (PWMs) were extracted. Similarities between PWMs were evaluated using tomtom [9], and redundancies were removed in a step-by-step fashion: for each pair of similar PWMs (tomtom E-value < 1 and at least 75% of the positions in the 2 PWMs overlapping) the PWM with lower information content was removed. This resulted in a set of 198 non-redundant PWMs. To each remaining PWM a label was assigned reflecting the transcription factors (TFs) or motifs it represents.
For each PWM a score threshold was set in a way that results in about 1 hit per 5000 bps in the genomic set of promoter sequences, and the genomic set of sequences was scanned for TFBSs. Locations of predicted TFBSs were defined as the center of the oligonucleotides with a PWM score higher than the corresponding PWM threshold. At positions where 2 or more overlapping sites for the same PWM were found, sites with lower PWM scores were removed.
Comparison to existing methods and measures

Construction of realistic, artificial sequence datasets

In order to compare the performance of our method with that of other methods and measures for the prediction of local and global enrichment, we prepared a number of artificial datasets, in such a way that they were as realistic as possible. 

First, we randomized the genomic set of mouse promoter sequences by shuffling the sequence IDs within each class of sequences obtained by the k-means clustering based on GC content, using k = 10. Thus, sequences were assigned random IDs of other sequences with a similar GC content profile. 

Next, from these randomized sequences we picked up the sequences corresponding to the actual 44 sets of co-expressed genes we obtained from the GNF GeneAtlas mouse data (see section “Co-expressed sets of genes” in the Supplementary methods). This gave us 44 artificial sets of sequences of the same size and similar GC content profiles to the actual sequence sets. 

Finally, within each set of sequences, we inserted instances (TFBSs) of five randomly selected PWMs. TFBSs were inserted according to a normal distribution centered at a randomly decided position within the region -100 to +100, using a variety of standard deviations (from 5 bps to 500 bps), with an insertion rate of 10%, 20%, 30%, 40%, or 50% of the sequences, respectively. Inserted motifs were generated using the probabilities specified by each PWM. In each sequence at most 1 instance of a PWM was inserted. 

Construction of datasets based on real experimental data
In addition to artificial datasets, we prepared a number of datasets based on experimental data taken from mouse dendritic cells before and after stimulation with LPS 
 ADDIN EN.CITE 
[10]
. This data consists of gene expression data (RNA-seq based RPKM values at 0, 1, 2, 4, and 6h), as well as TF-DNA binding data for 25 TFs (ChIP-seq data-derived peaks at 0, 0.5, 1, and 2h). The 25 TFs include well known key regulators of the immune response as well as other TFs with high expression in DCs. RPKM values and predicted ChIP-seq peaks were used as provided in the original paper (GEO accession number GSE36104). 
Data was processed to a typical input for our method, e.g. promoters of sets of genes thought to be under the control of similar regulatory mechanisms. We clustered 1283 genes with at least a 2-fold induction after stimulation, and with at least 1 time point with RPKM > 1, using hierarchical clustering with distances based on correlation of log(RPKM) values. Clustered genes were divided into 6 clusters (see Supplementary Table S4).  
We collected the ChIP-seq derived binding regions of the 25 TFs over the 4 time points in the region surrounding the TSSs of Refseq genes (region -1kb to +1kb). We used the same threshold scores for significant binding levels as used in the original paper (26.9). 
For each of the 6 clusters of genes, we compared the observed number of genes bound by each TF at each time point in the region -1kb to +1kb to the expected number based on the fraction of genes in the genomic set of genes bound by the same TF. We calculated a p value for enrichment of binding based on a binomial distribution, and defined a set of genes to be under the regulation of a TF if at any of the 4 time points the p-value based on the binomial distribution was smaller than 1e-4. Several associations fit with known key regulatory interactions, such as the central role of NF-κB, and strong enrichment of IRF family TFs in genes with late induction 
 ADDIN EN.CITE 
[10]
. Finally, from our set of PWMs, we associated relevant PWMs with each of the 25 TFs, resulting in 6 sets of genes with expected regulatory motifs responsible for their transcriptional regulation.
Overview of methods and measures included in comparison

On each of the artificial sequence sets, we applied our method (including scanning for TFBSs, clustering of sequences according to GC content, up to the actual prediction of regions of local enrichment), as well as a number of other methods and measures of motif enrichment. 

The following is a brief description of each method and measure we included in the comparison, in addition to our own proposed method. Unless mentioned specifically, default parameters were used.
1. Method proposed by Berendzen and colleagues [11]. This is an approach for the prediction of regulatory motifs with a “positional disequilibrium”. Briefly, for each position in a set of aligned promoters, the number of TFBSs overlapping that position is converted to a Z score, reflecting the preference for a regulatory motif for that position. Positions with Z score ≥ 4 are regarded as significant.
2. Method proposed by Vardhanabhuti et al. [12]. Positional specificity is evaluated using a Z score based on a binomial distribution, with a window size of 20 bps. Parameters for the binomial distribution are based on predicted sites of permuted PWMs of the PWM of interest, thus taking into account to some extent the influence of GC content of PWMs. Originally, the authors defined every motif that has a Z-max ≥ 5 as “position-specific”. Here we slightly modified this definition in order to make direct comparison with our method possible, and considered each window with Z-score ≥ 5 as a region of local enrichment.
3. A-GLAM is a method for predicting cis-regulatory elements making use of their positional preferences  ADDIN EN.CITE  ADDIN EN.CITE.DATA 

[13, 14]
. Input sequences are aligned (without gaps) by their TSSs, after which k-mers are evaluated for their consistent positioning with respect to the TSSs. The genomic set of promoter sequences was used as background model.
4. FREE is a method which uses regression analysis and a likelihood test for predicting motifs with position-specific over-representation [15]. The distribution of motif instances in a set of promoters is modeled using a so-called ‘background function’ and a ‘signal function’. A likelihood test is used to determine whether the instances of the motif can be better explained by the combining the background function (no positional bias) with the signal function (representing positional bias). The method was run using 5-mers, and a smoothing window of size 20 bps was used (option –w), as recommended. K-mers with low numbers of occurrences were excluded, but thresholds were set lower than default (-x 0.01 and –X 1).

5. TFM-Explorer circumvents problems associated with standard scanning window approaches using a heuristic algorithm that takes into account observed and expected frequencies of TFBSs, using a Poisson distribution for evaluating the significance of observed hits in candidate windows [16]. A p value cutoff of 1e-6 was used.
6. Method proposed by Casimiro and colleagues [17]. This method aims at finding positional preferences of motifs, not necessarily local enrichment. They found that their proposed “bootstrap Chi-Square test” was the most powerful test for smaller sample sites, so we employed this method in our comparison. Briefly, the observed and expected number of TFBSs in bins is compared, and a bootstrap method is used to assign a p value to the observed difference.
We also included a number of measures for global enrichment (as opposed to local enrichment) of regulatory motifs. In all cases, these were applied to the TFBSs predicted in the region -500 to +500, covering the region in which the vast majority of artificial TFBSs were inserted.
1. Over-Representation Index (ORI) analysis: a measure for global over-representation (see main manuscript). We evaluated the performance of this measure using two p value thresholds (0.01 and 0.001).
2. Binomial distribution-based enrichment: This measure for global enrichment is adopted from the method used in RSAT [18]. P values are converted to a sig value, with higher sig values representing higher enrichment. We evaluated the performance of this measure using two sig value thresholds (the default value 0, and 2).
3. Hypergeometric distribution as used in AlignACE [19]. The number of sequences containing at least 1 predicted TFBS in the set of sequences of interest is compared to the genomic set of promoters using a hypergeometric distribution. We evaluated the performance of this measure using two p value thresholds (0.01 and 1e-4).
4. One-tailed Fisher exact test as used in oPOSSUM  ADDIN EN.CITE  ADDIN EN.CITE.DATA 

[20]
: this measure too compares the number of sequences in the set of interest containing at least 1 predicted TFBSs with the genomic set of sequences, and is similar to the hypergeometric probability-based method described above. We evaluated the performance of this measure using two p value thresholds (0.01 and 1e-4).
5. Information content-based measure, as used in FIRE  ADDIN EN.CITE  ADDIN EN.CITE.DATA 

[21]
. The information content of the presence/absence of predicted TFBSs in the set of interest and the remained of the genome-wide set of sequences is calculated, and subjected to randomization tests. The observed information content is compared to 10,000 randomly selected sets of sequences. Cases where the observed information content is higher than that of all 10,000 random sets are considered as significantly over-represented.

Measures of performance
Performances of all methods and measures were evaluated on the level of recall, precision, and F-measure, based on the numbers of true positives (TP), false negatives (FN), and false positives (FP). 
Recall ( TP / (TP + FN) ) was defined as the fraction of artificially inserted regions of enrichment that could be retrieved. For methods predicting regions of preferential positioning of TFBSs or local enrichment of TFBSs, a true positive prediction was defined as an inserted region of local enrichment (center ± 2 SD) overlapping with one or more predicted regions. For methods for the prediction of global enrichment of TFBSs, any prediction of enrichment of one of the five PWMs used for generating artificial TFBSs was regarded as a true positive. False negative predictions were defined as artificially inserted regions of enrichment that could not be retrieved. 
For the real data, recall was defined as the fraction of gene set – TF associations (derived from ChIP-seq data; see section “Construction of datasets based on real experimental data” above) that could be predicted correctly. Since specific positional preferences of the 25 TFs are unknown, any predicted region of local enrichment for the TF in question in the region -500 to +500 was considered as a correct prediction.
Precision ( TP / (TP + FP) ) was defined as the fraction of predicted enrichments corresponding to inserted regions of enrichment. For methods predicting regions of preferential positioning of TFBSs or local enrichment of TFBSs, any predicted region for one of the five inserted motifs overlapping with the region defined by the center of the normal distribution used for inserting sites ± 2 SD was considered as a true positive prediction. Any other predicted region was considered a false positive prediction. For methods for prediction of global enrichment of TFBSs, any prediction of enrichment of one of the five PWMs used for generating artificial TFBSs was regarded as a true positive. Any other predicted enrichment was considered a false positive prediction. 
For the real data, precision was defined as the fraction of predicted enrichments that corresponded with the experimentally derived gene set – TF associations (see section “Construction of datasets based on real experimental data” above). Here too, since specific positional preferences of the 25 TFs are unknown, any predicted region of local enrichment for the TF in question in the region -500 to +500 was considered as a correct prediction. The lack of comprehensive ChIP-seq data makes it difficult to define false positive predictions. We therefore made the simplifying assumption that any predicted region of local enrichment for TFs for which no ChIP-seq data was available was a false positive. Although this is likely to result in some correct predictions being labeled as false positives, we believe it is a reasonable approximation.
F-measure, a measure for accuracy combining precision and recall, was defined as follows: F-measure = 2 x (precision x recall) / (precision + recall).
Enrichment of weak binding sites 
Weak TFBSs were defined based on the notion that PWM scores are correlated with the binding energy between TFs and DNA motifs  ADDIN EN.CITE  ADDIN EN.CITE.DATA 

[22, 23]
: In addition to the standard PWM score threshold defined in section “Prediction of transcription factor binding sites”, a second, lower, score threshold was set in a way that results in about 1 hit per 1000 bps in the genomic set of promoter sequences. We defined weak TFBSs as sites with a score between these 2 thresholds. Using this second set of threshold scores, sites for all PWMs were predicted in the genomic set of sequences. At positions where 2 or more overlapping sites for the same PWM were found, sites with lower PWM scores were removed. This also implies that all weak TFBSs that overlap with “standard” TFBSs (e.g. sites passing the original, higher PWM score threshold) are removed. Weak sites were not used for the prediction of locally enriched regions, but were only used for the evaluation of weak TFBS over-representation.
After the prediction of locally enriched regions, for each region of local enrichment, we counted the number of weak TFBSs for the corresponding PWM within the region in all input promoter sequences. Sites overlapping stronger sites were not used. The significance of this count was evaluated using a random sampling approach. We randomly selected 10,000 sets of N sequences (See section “Random sampling approach”), and counted the number of weak sites in the region. The ratio of randomly selected sets with a count equal to or higher than the observed count in the input set of promoter sequences was used as an indicator of the significance of enrichment.
Evolutionary conservation of predicted binding sites within locally enriched regions
Evolutionary conservation of TFBSs within locally enriched regions was evaluated using PhastCons scores as available on the UCSC Genome Browser  ADDIN EN.CITE  ADDIN EN.CITE.DATA 

[24]
. These scores reflect the evolutionary conservation at a base-by-base level, based on multiple sequence alignments with 45 and 29 vertebrate genomes for the human and mouse genome, respectively. For each locally enriched region that contained at least 10 TFBSs, the average PhastCons score of all bases corresponding to the TFBSs in the set of input promoter sequences located within the enriched region was calculated. Since bases located proximal to TSSs tend to be more conserved than bases located at distal positions, we compared the observed PhastCons scores with those of an equal number of bases located within predicted TFBSs at equal distances to randomly selected TSSs (see “Random sampling approach”). Z scores for observed PhastCons scores were calculated based on the average and standard deviation of the PhastCons scores obtained from 100 randomly selected sets.
The significance of the number of locally enriched regions with Z scores ≥ 1 (74 out of 154 regions for the human datasets; 92 out of 205 regions for the mouse datasets) was evaluated based on a binomial distribution, with the number of trials being the total number of regions, and the probability of success being 0.159 (the probability of a Z score ≥ 1 given a normal distribution). Random samplings confirmed that this expected probability of success is accurate; 100 sets of Z scores of bases in randomly selected TFBSs followed resulted in roughly 15.9% of the sets having Z scores ≥ 1 (on average 25.0 out of 154 sets for human (16.3%); 33.2 out of 205 for mouse (16.2%) ) .
Supplementary figures and tables
Supplementary Figure S1: Workflow of our approach for the detection of locally over-represented TFBSs. The analysis starts with a set of promoter regions associated with a set of genes that show a similar spatio-temporal expression profile, and the predicted binding sites for a given TF within these promoter sequences. Based on the TFBSs, the Slocal profiles are calculated using 5 different window function widths. In the next step the significance of the observed Slocal profile is estimated using a random sampling approach based on predicted TFBSs in the genome-wide set of promoter sequences, giving us a Pdep and Pind value for each position in the promoters. Finally, any regions passing the p-value criteria are reduced to a non-redundant set of regions with significant local enrichment. 

[image: image1.emf]Background sequences 

with predicted TFBSs

Input sequences 

with predicted TFBSs

Local Enrichment Scores

Position independent p values

Random sampling, taking into 

account the composition of the 

input sequences

Position-dependent p values

Regions of local enrichment

0 -1000 +1000 -800

-600 -400 -200

+200

+400 +600 +800

(SD 100bp)

Processing and 

removal of redundancy

Window width:

10 bps

20 bps

50 bps

100 bps

200 bps

log

10

(

P

dep

)

distance to TSS

S

local

distance to TSS

distance to TSS

log

10

(

P

ind

)


Supplementary Figure S2: Illustration of the effect of the normalization factor Zs on the local enrichment scores. (A) A toy example of 5 promoter sequences with predicted binding sites for a transcription factor indicated by blue boxes. Sequence 5 contain a distal cluster of 4 predicted sites, possibly caused by low complexity repeat sequences. (B) Contributions ps of each sequence to the Slocal, and at the bottom the Slocal calculated with and without the normalization factor Zs. Note that the scale of the Y axis is different for sequence 5. When the normalization factor Zs is not used, the distal cluster of sites results in a strong peak in Slocal, even though only 1 of 5 sequences contains predicted sites in this region. When using the normalization factor, this peak disappears and only the proximal peak remains. This peak is supported by predicted sites in each of the 5 sequences and thus more likely to be biologically relevant.
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Supplementary Figure S3: GC content profiles of clusters obtained by k-means clustering of the genome-wide set of human promoter sequences, with k values 1 to 6. For each k-means clustering the average GC content of the promoter sequences in each cluster is shown in bins of 100 bps in the region -1kb to +1kb. Graphs A to F correspond to the cases with k values from 1 to 6, respectively. The graph for k = 1 shows the average GC content of the genome-wide set of promoter sequences.
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Supplementary Figure S4: Workflow of the standard TFBS over-representation analysis used in this study. The general flow of this approach is similar to the one for the detection of locally enriched TFBSs. The main difference is that instead of the Slocal profiles, a single parameter for over-representation is calculated; the ORI value. The significance of this ORI value is evaluated using a random sampling approach, giving us a PORI value. Motifs having a PORI value below the p-value threshold are considered to be “globally” over-represented.
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Supplementary Figure S5: General trends of significantly locally enriched regions detected in the GNF GeneAtlas mouse gene sets. These figures are the counterparts of Fig. 3 B and C in the main manuscript, for mouse gene sets. (A) Mouse enriched regions sorted by Z score of PhastCons scores of the TFBSs predicted within each region. (B) Mouse enriched regions sorted by p-value of enrichment of weak TFBSs within each region. 
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Supplementary Table S1: Annotation of sets of co-regulated genes of the mouse GNF GeneAtlas data. For each set of co-regulated genes the tissues in which the highest expression was observed is listed, along with the number of promoter sequences it contains, and the k* value (see Methods). 
Note: in cases where multiple clusters of genes are associated with similar tissues or cell types, expression levels of the genes in these clusters are different in other tissues or cell types.
	Cluster index
	Main tissues or cell types associated with this cluster
	Number of sequences
	k*

	1
	Embryo
	178
	2

	2
	B220 B cell, CD4+ T cell, CD8+ T cell, thymus
	277
	2

	3
	thyroid, Salivary gland
	47
	2

	4
	skeletal muscle, heart, kidney, snout epidermis, adrenal gland
	210
	3

	5
	preoptic, hypothalamus, substantia nigra, amygdala, olfactory bulb
	385
	3

	6
	thymus, ovary, B220 B cell, embryo
	292
	2

	7
	adipose tissue, liver, kidney, adrenal gland, brownfat
	296
	2

	8
	Placenta
	93
	2

	9
	tongue epidermis, snout epidermis, digits
	122
	2

	10
	Testis
	190
	2

	11
	dorsal root ganglion, trigeminal
	71
	2

	12
	CD4+ T cell, CD8+ T cell, B220 B cell
	221
	2

	13
	dorsal root ganglion, dubstantia nigra, preoptic, hypothalamus, trigeminal
	255
	3

	14
	oocyte, fertilized egg
	282
	2

	15
	kidney, liver
	158
	2

	16
	liver
	150
	2

	17
	amygdala, frontal cortex, cortex, olfactory bulb, hippocampus
	378
	4

	18
	lung
	96
	2

	19
	small intestine, large intestine
	159
	2

	20
	umbilical cord
	396
	4

	21
	retina
	85
	2

	22
	testis
	520
	2

	23
	oocyte, fertilized egg
	134
	2

	24
	oocyte, fertilized egg
	313
	2

	25
	oocyte, fertilized egg
	483
	2

	26
	snout epidermis, digits
	225
	2

	27
	bone, bone marrow
	101
	2

	28
	B220 B cell, thymus, CD4+ T cell, trachea, CD8+ T cell
	264
	2

	29
	B220 B cell, lymph node
	79
	2

	30
	adrenal gland, adipose tissue, ovary, dorsal root ganglion, snout epidermis
	228
	3

	31
	prostate
	169
	2

	32
	cerebellum, preoptic, hypothalamus, substantia nigra, spinal cord lower
	188
	2

	33
	blastocysts
	178
	2

	34
	oocyte, fertilized egg
	158
	2

	35
	testis
	188
	4

	36
	pancreas, spleen
	52
	3

	37
	oocyte, fertilized egg, B220 B cell, thymus, CD4+ T cell
	158
	2

	38
	B220 B cell, CD4+ T cell, thymus, CD8+ T cell, lymph node
	97
	2

	39
	skeletal muscle, heart
	112
	2

	40
	mammary gland (lact), adrenal gland, ovary
	143
	2

	41
	thymus
	61
	2

	42
	skeletal muscle
	101
	2

	43
	stomach
	61
	2

	44
	medial olfactory epithelium, vomeral nasal organ
	89
	2


Supplementary Table S2: Annotation of sets of co-regulated genes of the human GNF GeneAtlas data. For each set of co-regulated genes the tissues in which the highest expression was observed is listed, along with the number of promoter sequences it contains, and the k* value (see Methods). 
Note: See note of Supplementary Table S1.
	Cluster index
	Main tissues or cell types associated with this cluster
	Number of sequences
	k*

	1
	brain amygdala, Whole brain, Prefrontal cortex, cerebellum, occipital lobe
	407
	3

	2
	721 B-lymphoblasts, BM CD105+ endothelial cells
	205
	6

	3
	BM CD33+ myeloid cells, PB CD14+ monocytes, whole blood
	407
	2

	4
	thyroid, heart, skeletal muscle psoas, tongue, fetal thyroid
	273
	2

	5
	PB CD8+ T cells, PB CD56+ NK cells, PB CD4+ T cells, PB CD19+ B cells, PB BDCA-4 dentritic cells
	574
	2

	6
	PB CD8+ T cells, PB CD4+ T cells, PB CD56+ NK cells
	202
	2

	7
	liver, fetalliver, kidney
	280
	2

	8
	lung, uterus, prostate, trachea, human cultured adipocyte
	370
	4

	9
	smooth muscle, cardiacmyocytes
	188
	3

	10
	superior cervical ganglion, skeletal muscle psoas, appendix
	661
	2

	11
	721 B-lymphoblasts, BM CD34+ cells, whole brain, PB BDCA-4 dentritic cells, PB CD56+ NK cells
	561
	3

	12
	721 B-lymphoblasts, BM CD34+ cells, BM CD105+ endothelial cells, PB BDCA-4 dentritic cells, PB CD56+ NK cells
	793
	5

	13
	PB CD19+ B cells, Lymphoma Burkitts, BM CD34+ cells, PB CD4+ T cells, PB CD8+ T cells
	140
	2

	14
	BM CD34+ cells, 721 B-lymphoblasts, PB CD56+ NK cells, PB BDCA-4 dentritic cells, PB CD19+ B cells
	726
	6

	15
	PB CD56+ NK cells, PB CD8+ T cells, PB BDCA-4 dentritic cells, 721 B-lymphoblasts, BM CD34+ cells
	476
	2

	16
	smooth muscle, placenta, lung, PB CD14+ monocytes, BM CD33+ myeloid cells
	452
	2

	17
	human bronchial epithelial cells, colorectal adenocarcinoma
	166
	4

	18
	testis
	157
	2

	19
	BM CD71+ early erythroid cells
	391
	4

	20
	prefrontal cortex, brain amygdala, hypothalamus, whole brain, occipital lobe
	479
	2

	21
	721 B-lymphoblasts
	227
	2

	22
	PB BDCA-4 dentritic cells, PB CD19+ B cells
	357
	2

	23
	brain amygdala, whole brain, prefrontal cortex, occipital lobe, hypothalamus
	691
	3

	24
	placenta
	128
	4

	25
	tongue, adrenal gland, adrenal cortex, skin, superior cervical ganglion
	262
	2

	26
	BM CD71+ early erythroid cells, PB CD14+ monocytes, colorectal adenocarcinoma, PB BDCA-4 dentritic cells, BM CD105+ endothelial cells
	88
	4

	27
	globus pallidus, subthalamic nucleus, brain thalamus, ciliary ganglion, atrioventricular node
	122
	4

	28
	superior cervical ganglion, appendix, atrioventricular node, drg, ciliary ganglion
	116
	4

	29
	pancreas, Islet cell
	50
	2

	30
	testis
	403
	2

	31
	skin, atrioventricular node, trigeminal ganglion, PB CD8+ T cells, ciliary ganglion
	32
	2

	33
	brain caudate nucleus, cardiac myocytes, globus pallidus, subthalamic nucleus, pons
	31
	4


Note: The cluster with cluster index 32 is not included in the table. It was not used for analysis because it contained only 2 sequences.
Supplementary Table S3: Annotation of sets of co-regulated genes of the Amit et al. mouse DC data. For each set of co-regulated genes a brief description of their expression profile is given, along with the number of promoter sequences it contains, and the k* value (see Methods).
	Cluster index
	Description of expression profile
	Number of sequences
	k*

	1
	transient upregulation, weak in Pic
	128
	3

	2
	transient downregulation, strong in LPS
	189
	3

	3
	transient downregulation, weak in Pic
	126
	3

	4
	late upregulation, not in Pic
	52
	2

	5
	transient downregulation, strong in LPS
	72
	2

	6
	downregulation
	103
	2

	7
	downregulation, not in Pam
	87
	2

	8
	downregulation, not in Pic, Controls
	62
	2

	9
	Peak at 60, 120 min, not in Pic
	83
	3

	10
	strong downregulation at 30 min
	84
	2

	11
	late downregulation
	72
	2

	12
	transient upregulation, not in Pam, not transient in Pic
	153
	2

	13
	upregulated in Pic, weak in LPS
	67
	2

	14
	upregulated, not in Pic
	93
	3

	15
	transient upregulation, strong in LPS
	89
	3

	16
	continuous upregulation, not in Pic
	78
	2

	17
	upregulated, from about 240 min
	45
	3

	18
	transient upregulation, weak in CpG, Grd, not in Pam
	92
	2


Supplementary Table S4: Annotation of 6 sets of co-regulated, inducible genes of the Garber et al. data, used for the comparison of the performance. For each set of co-regulated genes a brief description of their expression profile is given, along with the number of promoter sequences it contains, and the k* value (see Methods).
	Cluster index
	Description of expression profile
	Number of sequences
	k*

	1
	late induction (4h)
	321
	2

	2
	induction at 2h after stimulation
	313
	4

	3
	early induction (1h)
	177
	3

	4
	transient early induction (1h)
	129
	3

	5
	transient early induction (2h)
	136
	4

	6
	strong, late induction (4h)
	207
	2


Supplementary Table S5: Full overview of results for the mouse GNF GeneAtlas gene sets. (see Excel file) The table gives for each motif and each cluster of promoters the regions of local enrichment (if any, at the top) and the PORI values (at the bottom). These are the raw results of our analysis and are given mainly for completeness.
Supplementary Table S6: Full overview of results for the human GNF GeneAtlas gene sets. (see Excel file) The table gives for each motif and each cluster of promoters the regions of local enrichment (if any, at the top) and the PORI values (at the bottom). These are the raw results of our analysis and are given mainly for completeness.
Supplementary Table S7: A selection of predicted regions of local enrichment that could also be found using standard TFBS over-representation analysis. Regulatory motifs are shown for which regions of local enrichment were detected in mouse and human tissues and cell types of the GNF GeneAtlas dataset. The species, cluster index, tissues and cell types, TF or motif name, the start and stop position of the region, the 
[image: image6.wmf]2
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 used, the ORI p-value, and references supporting the role of the regulatory motif in the tissue in question are shown.

	Species
	Cluster index
	Main tissues or cell types associated with this cluster
	Motif
	Region of enrichment:
x1 to x2 ([image: image8.png]h/2



)
	PORI
	References

	mouse
	2
	B cells, T cells
	ETS family of TFs, and SH2D1A
	-106 to 17 (50)
	0.0000
	[25]

	mouse
	2
	B cells, T cells
	RBPJ
	-139 to -70 (100)
	0.0057
	 ADDIN EN.CITE  ADDIN EN.CITE.DATA 

[26, 27]


	mouse
	10
	testis
	RFX factors
	-128 to 65 (50)
	0.0000
	 ADDIN EN.CITE  ADDIN EN.CITE.DATA 

[28, 29]


	mouse
	10
	testis
	MYB family TFs
	-214 to 113 (200)
	0.0007
	 ADDIN EN.CITE  ADDIN EN.CITE.DATA 

[30, 31]


	mouse
	10
	testis
	NRF-1
	-143 to 38 (200)
	0.0012
	 ADDIN EN.CITE  ADDIN EN.CITE.DATA 

[32]


	mouse
	12
	T cells, B cells
	NF-kappaB
	-309 to -100 (200)
	0.0000
	[33]

	mouse
	12
	T cells, B cells
	ETS domain TFs, including SPI1 or PU.1
	-232 to 47 (100)
	0.0000
	 ADDIN EN.CITE  ADDIN EN.CITE.DATA 

[34, 35]


	mouse
	12
	T cells, B cells
	RUNX TFs
	-142 to -23 (50)
	0.0002
	 ADDIN EN.CITE  ADDIN EN.CITE.DATA 

[36, 37]


	mouse
	12
	T cells, B cells
	MZF1
	-155 to 119 (200)
	0.0011
	 ADDIN EN.CITE  ADDIN EN.CITE.DATA 

[38, 39]


	mouse
	12
	T cells, B cells
	IRF FAMILY
	-119 to 6 (50)
	0.0047
	 ADDIN EN.CITE  ADDIN EN.CITE.DATA 

[40]


	mouse
	12
	T cells, B cells
	ETS family of TFs
	-133 to -98 (100)
	0.0073
	[25]

	mouse
	15
	kidney, liver
	HNF1
	-125 to -24 (20)
	0.0000
	 ADDIN EN.CITE  ADDIN EN.CITE.DATA 

[41, 42]


	mouse
	15
	kidney, liver
	Nuclear receptors, HNF4
	-401 to -66 (200)
	0.0000
	 ADDIN EN.CITE  ADDIN EN.CITE.DATA 

[43, 44]


	mouse
	15
	kidney, liver
	HNF4
	-105 to -41 (20)
	0.0001
	 ADDIN EN.CITE  ADDIN EN.CITE.DATA 

[45, 46]


	mouse
	15
	kidney, liver
	Ikaros
	-511 to -250 (200)
	0.0001
	[47]

	mouse
	15
	kidney, liver
	HNF4A
	-122 to -24 (50)
	0.0003
	 ADDIN EN.CITE  ADDIN EN.CITE.DATA 

[45, 46]


	mouse
	16
	liver
	HNF1
	-92 to -27 (20)
	0.0000
	 ADDIN EN.CITE  ADDIN EN.CITE.DATA 

[41, 42]


	mouse
	16
	liver
	Lmo2 complex, GATA1, 3 and 6
	-93 to -30 (100)
	0.0002
	 ADDIN EN.CITE  ADDIN EN.CITE.DATA 

[48, 49]


	mouse
	16
	liver
	HNF4
	-94 to -28 (50)
	0.0003
	 ADDIN EN.CITE  ADDIN EN.CITE.DATA 

[45, 46]


	mouse
	16
	liver
	HNF4A
	-177 to -15 (100)
	0.0015
	 ADDIN EN.CITE  ADDIN EN.CITE.DATA 

[45, 46]


	mouse
	19
	small intestine, large intestine
	Nuclear receptors, HNF4
	-112 to -68 (50)
	0.0023
	 ADDIN EN.CITE  ADDIN EN.CITE.DATA 

[50]


	mouse
	19
	small intestine, large intestine
	HNF4
	-120 to 93 (200)
	0.0026
	 ADDIN EN.CITE  ADDIN EN.CITE.DATA 

[51-53]


	mouse
	19
	small intestine, large intestine
	HNF4A
	-215 to -17 (100)
	0.0037
	 ADDIN EN.CITE  ADDIN EN.CITE.DATA 

[51-53]


	mouse
	22
	testis
	CREB-binding TFs, including ATF family
	-93 to -16 (20)
	0.0000
	 ADDIN EN.CITE  ADDIN EN.CITE.DATA 

[54, 55]


	mouse
	22
	testis
	RFX factors
	-238 to 86 (100)
	0.0000
	 ADDIN EN.CITE  ADDIN EN.CITE.DATA 

[28, 29]


	mouse
	22
	testis
	RFX1
	-156 to 36 (100)
	0.0002
	 ADDIN EN.CITE  ADDIN EN.CITE.DATA 

[28, 29]


	mouse
	22
	testis
	RFX TFS
	-153 to 47 (200)
	0.0005
	 ADDIN EN.CITE  ADDIN EN.CITE.DATA 

[28, 29]


	mouse
	22
	testis
	MYB family TFs
	-167 to 147 (100)
	0.0006
	 ADDIN EN.CITE  ADDIN EN.CITE.DATA 

[30, 31]


	mouse
	42
	skeletal muscle
	EGR factors
	-250 to -29 (200)
	0.0006
	 ADDIN EN.CITE  ADDIN EN.CITE.DATA 

[56-59]


	human
	7
	liver, fetal liver, liver
	HNF1
	-175 to -1 (50)
	0.0000
	 ADDIN EN.CITE  ADDIN EN.CITE.DATA 

[41, 42]


	human
	7
	liver, fetal liver, liver
	HNF4
	-378 to 150 (200)
	0.0000
	 ADDIN EN.CITE  ADDIN EN.CITE.DATA 

[45, 46]


	human
	7
	liver, fetal liver, liver
	Nuclear receptors, HNF4
	-115 to -25 (50)
	0.0000
	 ADDIN EN.CITE  ADDIN EN.CITE.DATA 

[43, 44]


	human
	7
	liver, fetal liver, liver
	HNF4A
	-204 to -10 (100)
	0.0000
	 ADDIN EN.CITE  ADDIN EN.CITE.DATA 

[45, 46]


	human
	11
	721 B-lymphoblasts, BM CD34+ cells
	ETS family of TFs
	-174 to 42 (100)
	0.0000
	[25]

	human
	11
	721 B-lymphoblasts, BM CD34+ cells
	ZFX
	121 to 279 (100)
	0.0004
	[60]

	human
	11
	721 B-lymphoblasts, BM CD34+ cells
	MTF1
	-231 to -90 (200)
	0.0079
	 ADDIN EN.CITE  ADDIN EN.CITE.DATA 

[61]


	human
	12
	721 B-lymphoblasts, BM CD34+ cells
	ETS family of TFs
	-151 to 37 (100)
	0.0000
	[25]

	human
	12
	721 B-lymphoblasts, BM CD34+ cells
	MYB family TFs
	-162 to -32 (100)
	0.0002
	[62]

	human
	12
	721 B-lymphoblasts, BM CD34+ cells
	STAT family
	-187 to -163 (200)
	0.0005
	[63]

	human
	12
	721 B-lymphoblasts, BM CD34+ cells
	Whn (= FOXN1, nude)
	-129 to 19 (100)
	0.0006
	 ADDIN EN.CITE  ADDIN EN.CITE.DATA 

[64, 65]


	human
	12
	721 B-lymphoblasts, BM CD34+ cells
	YY1
	-80 to 111 (100)
	0.0059
	 ADDIN EN.CITE  ADDIN EN.CITE.DATA 

[66, 67]


	human
	13
	B cells, Burkitt's lymphoma
	ETS family of TFs
	-148 to 23 (100)
	0.0000
	[25]

	human
	13
	B cells, Burkitt's lymphoma
	MYB family TFs
	-834 to -765 (50)
	0.0002
	[62]

	human
	14
	BM CD34+ cells, 721 B-lymphoblasts
	ETS family of TFs
	-81 to 10 (50)
	0.0000
	[25]

	human
	14
	BM CD34+ cells, 721 B-lymphoblasts
	CREB-binding TFs, including ATF family
	-84 to -78 (50)
	0.0017
	 ADDIN EN.CITE  ADDIN EN.CITE.DATA 

[68-71]


	human
	15
	NK cells, T cells
	ETS family of TFs
	-97 to 34 (50)
	0.0000
	[25]

	human
	15
	NK cells, T cells
	YY1
	-82 to 112 (100)
	0.0046
	 ADDIN EN.CITE  ADDIN EN.CITE.DATA 

[67]


	human
	18
	testis
	NRF-1
	-164 to -42 (100)
	0.0029
	 ADDIN EN.CITE  ADDIN EN.CITE.DATA 

[32]


	human
	18
	testis
	CREB-binding TFs
	-255 to -110 (200)
	0.0050
	 ADDIN EN.CITE  ADDIN EN.CITE.DATA 

[54, 55]


	human
	30
	testis
	CREB-binding TFs, including ATF family
	-113 to -9 (50)
	0.0000
	 ADDIN EN.CITE  ADDIN EN.CITE.DATA 

[54, 55]


	human
	30
	testis
	MYB family TFs
	-210 to 117 (100)
	0.0000
	 ADDIN EN.CITE  ADDIN EN.CITE.DATA 

[30, 31]


	human
	30
	testis
	RFX1
	-34 to 49 (100)
	0.0048
	 ADDIN EN.CITE  ADDIN EN.CITE.DATA 

[28, 29]



Supplementary Table S8: A selection of predicted regions of local enrichment in the mouse GNF GeneAtlas datasets that could not be found using standard TFBS over-representation analysis. For a number of mouse tissues and cell types included in the GNF GeneAtlas dataset, the tables shows regulatory motifs for which a region of local enrichment of sites was detected, with the tissue in which it was found, the start and stop position of the region, the [image: image10.png]h/2



 used, the ORI p-value (as measure of over-representation in the region -1 kb to -1), and references supporting the importance of the regulatory motif in the tissue in question. Only regions of enrichment located inside the region -500 to +500 around the TSS are shown. Table 1 in the main paper shows a subset of these results.
	Cluster index
	Main tissues or cell types associated with this cluster
	Motif
	Region of enrichment: 
x1 to x2 ([image: image12.png]h/2



)
	PORI
	References

	2
	B cells, T cells
	HIF1
	55 to 200 (200)
	0.1093
	[72]

	2
	B cells, T cells
	ETS domain TFs, including SPI1 or PU.1
	-10 to 0 (10)
	0.1529
	 ADDIN EN.CITE  ADDIN EN.CITE.DATA 

[35, 73]


	10
	testis
	RFX1
	-91 to 129 (200)
	0.0116
	 ADDIN EN.CITE  ADDIN EN.CITE.DATA 

[28, 29]


	10
	testis
	CREB-binding TFs, including ATF family
	-148 to 31 (100)
	0.0350
	 ADDIN EN.CITE  ADDIN EN.CITE.DATA 

[54, 55]


	10
	testis
	RFX TFs
	-61 to 35 (50)
	0.2589
	 ADDIN EN.CITE  ADDIN EN.CITE.DATA 

[28, 29]


	12
	T cells, B cells
	GC-box, Zinc finger TFs (Sp TFs, KLF TFs)
	-193 to -82 (100)
	0.0295
	 ADDIN EN.CITE  ADDIN EN.CITE.DATA 

[74, 75]


	16
	liver
	Cux1 (CR3+HD)
	-103 to -90 (10)
	0.0374
	[76]

	19
	small intestine, large intestine
	HNF1
	-93 to -37 (20)
	0.0115
	 ADDIN EN.CITE  ADDIN EN.CITE.DATA 

[77]


	19
	small intestine, large intestine
	RXR, RAR, and VDR
	-52 to -43 (10)
	0.0654
	 ADDIN EN.CITE  ADDIN EN.CITE.DATA 

[78, 79]


	22
	testis
	MYB family TFs
	-72 to 95 (100)
	0.0245
	 ADDIN EN.CITE  ADDIN EN.CITE.DATA 

[30, 31]


	22
	testis
	heat shock factors
	-58 to 217 (200)
	0.0317
	[80]

	22
	testis
	PPARA, RXRA, VDR, AIRE
	-44 to -18 (20)
	0.1159
	 ADDIN EN.CITE  ADDIN EN.CITE.DATA 

[81, 82]


	42
	skeletal muscle
	THR alpha and beta
	-30 to -15 (50)
	0.0248
	 ADDIN EN.CITE  ADDIN EN.CITE.DATA 

[83-86]



Supplementary Table S9: A selection of predicted regions of local enrichment in the human GNF GeneAtlas datasets that could not be found using standard TFBS over-representation analysis. For a number of human tissues and cell types included in the GNF GeneAtlas dataset, the tables shows regulatory motifs for which a region of local enrichment of TFBSs was detected, with the tissue in which it was found, the start and stop position of the region, the [image: image14.png]h/2



 used, the ORI p-value (as measure of over-representation in the region -1 kb to -1), and references supporting the importance of the regulatory motif in the tissue in question. Only regions of enrichment located inside the region -500 to +500 around the TSS are shown.
	Cluster index
	Main tissues or cell types associated with this cluster
	Motif
	Region of enrichment:
x1 to x2 ([image: image16.png]h/2



)
	PORI
	References

	7
	liver, fetal liver, liver
	Sp1
	-105 to -84 (50)
	0.0111
	 ADDIN EN.CITE  ADDIN EN.CITE.DATA 

[87, 88]


	7
	liver, fetal liver, liver
	ZIC and GLI zinc finger TFs
	-192 to -31 (200)
	0.0175
	 ADDIN EN.CITE  ADDIN EN.CITE.DATA 

[89]


	7
	liver, fetal liver, liver
	AR
	-200 to -2 (200)
	0.0292
	[90]

	11
	721 B-lymphoblasts, BM CD34+ cells
	HIF1
	-41 to 194 (200)
	0.0229
	[72]

	11
	721 B-lymphoblasts, BM CD34+ cells
	YY1
	-81 to 123 (100)
	0.0319
	 ADDIN EN.CITE  ADDIN EN.CITE.DATA 

[66, 67]


	12
	721 B-lymphoblasts, BM CD34+ cells
	Nkx2-3, Nkx2-9, Nkx3-1
	926 to 1000 (200)
	0.6105
	 ADDIN EN.CITE  ADDIN EN.CITE.DATA 

[91, 92]


	13
	B cells, Burkitt's lymphoma
	Klf4
	-8 to 6 (10)
	0.0462
	 ADDIN EN.CITE  ADDIN EN.CITE.DATA 

[93-95]


	13
	B cells, Burkitt's lymphoma
	ZEB1
	-40 to -30 (20)
	0.0573
	 ADDIN EN.CITE  ADDIN EN.CITE.DATA 

[96, 97]


	13
	B cells, Burkitt's lymphoma
	ETS domain TFs, including SPI1 or PU.1
	-66 to 32 (50)
	0.0577
	 ADDIN EN.CITE  ADDIN EN.CITE.DATA 

[35, 73]


	13
	B cells, Burkitt's lymphoma
	YY1
	-63 to 174 (100)
	0.4782
	 ADDIN EN.CITE  ADDIN EN.CITE.DATA 

[66, 67, 98]


	13
	B cells, Burkitt's lymphoma
	E box-binding TFs
	248 to 578 (200)
	0.9940
	 ADDIN EN.CITE  ADDIN EN.CITE.DATA 

[99, 100]


	14
	BM CD34+ cells, 721 B-lymphoblasts
	ETS domain TFs, including SPI1 or PU.1
	-81 to -32 (50)
	0.0651
	 ADDIN EN.CITE  ADDIN EN.CITE.DATA 

[35, 73]


	14
	BM CD34+ cells, 721 B-lymphoblasts
	YY1
	-36 to 52 (100)
	0.4645
	 ADDIN EN.CITE  ADDIN EN.CITE.DATA 

[66, 67]


	15
	NK cells, T cells
	Whn
	-125 to 23 (100)
	0.0375
	 ADDIN EN.CITE  ADDIN EN.CITE.DATA 

[101, 102]


	18
	Testis
	MYB family TFs
	-19 to 3 (20)
	0.1184
	 ADDIN EN.CITE  ADDIN EN.CITE.DATA 

[30, 31]


	18
	Testis
	BLIMP1 (PRDM1)
	228 to 255 (50)
	0.5756
	 ADDIN EN.CITE  ADDIN EN.CITE.DATA 

[103, 104]


	30
	Testis
	RFX factors
	-140 to 87 (100)
	0.0135
	 ADDIN EN.CITE  ADDIN EN.CITE.DATA 

[28, 29]


	30
	Testis
	AHR, ARNT
	-158 to -158 (200)
	0.0546
	 ADDIN EN.CITE  ADDIN EN.CITE.DATA 

[105]



Supplementary Table S10: Examples of TFBSs for which regions of local enrichment were detected in different sets of sequences. We list a number of TFs whose binding motifs showed significant local enrichment in multiple sets of promoter sequences. The species, and the tissues and cell lines associated with the promoters in which the motif was found are listed, as well as the regions of local enrichment. Only regions of enrichment located inside the region -500 to +500 around the TSS are shown.
	TF or regulatory motif
	Species
	Cluster index
	Main tissues or cell types associated with this cluster
	Region of enrichment:
x1 to x2 ([image: image18.png]h/2



)

	ETS family of TFs
	human
	5
	T cells, NK cells
	-141 to 51 (100)

	
	
	11
	721 B-lymphoblasts, BM CD34+ cells
	-174 to 42 (100)

	
	
	12
	721 B-lymphoblasts, BM CD34+ cells
	-151 to 37 (100)

	
	
	13
	B cells, Burkitt's lymphoma
	-148 to 23 (100)

	
	
	14
	BM CD34+ cells, 721 B-lymphoblasts
	-81 to 10 (50)

	
	
	15
	NK cells, T cells
	-97 to 34 (50)

	
	mouse
	2
	B cells, T cells
	-106 to 17 (50)

	
	
	4
	Skeletal muscle, heart
	-161 to 26 (100)

	
	
	6
	thymus, ovary
	-137 to 18 (100)

	
	
	10
	testis
	-133 to -58 (100)

	
	
	12
	T cells, B cells
	-133 to -98 (100)

	
	
	25
	oocyte, fertilized egg
	-139 to 42 (100)

	
	
	34
	oocyte, fertilized egg
	-240 to 34 (200)

	
	
	35
	testis
	-178 to 71 (200)

	
	
	37
	oocyte, fertilized egg
	-77 to -11 (50)

	YY1
	human
	11
	721 B-lymphoblasts, BM CD34+ cells
	-81 to 123 (100)

	
	
	12
	721 B-lymphoblasts, BM CD34+ cells
	-80 to 111 (100)

	
	
	13
	B cells, Burkitt's lymphoma
	-63 to 174 (100)

	
	
	14
	BM CD34+ cells, 721 B-lymphoblasts
	-36 to 52 (100)

	
	
	15
	NK cells, T cells
	-82 to 112 (100)

	
	
	20
	prefrontal cortex, brain amygdala
	-46 to 217 (200)

	
	mouse
	2
	B cells, T cells
	-63 to 153 (100)

	
	
	4
	Skeletal muscle, heart
	-40 to 85 (50)

	
	
	6
	thymus, ovary
	-61 to 122 (100)

	NRF-1
	human
	2
	721 B-lymphoblasts, BM CD105+ endothelial cells
	-123 to -88 (100)

	
	
	11
	721 B-lymphoblasts, BM CD34+ cells
	-127 to -3 (100)

	
	
	12
	721 B-lymphoblasts, BM CD34+ cells
	-109 to -77 (100)

	
	
	18
	Testis
	-164 to -42 (100)

	
	mouse
	4
	Skeletal muscle, heart
	-153 to -59 (100)

	
	
	6
	thymus, ovary
	-125 to -38 (100)

	
	
	10
	Testis
	-143 to 38 (200)

	
	
	25
	oocyte, fertilized egg
	-104 to -20 (50)

	
	
	37
	oocyte, fertilized egg
	-81 to -65 (20)

	HNF4A
	human
	7
	liver, fetal liver, liver
	-204 to -10 (100)

	
	
	15
	kidney, liver
	-122 to -24 (50)

	
	
	16
	liver
	-177 to -15 (100)

	
	
	19
	small intestine, large intestine
	-215 to -17 (100)

	Sp1
	human
	7
	liver, fetal liver, liver
	-105 to -84 (50)

	
	
	16
	smooth muscle, placenta
	-124 to -52 (50)

	
	mouse
	7
	adipose tissue, liver
	-115 to -25 (50)

	
	
	20
	umbilical cord
	-76 to -72 (100)

	
	
	24
	oocyte, fertilized egg
	-86 to 0 (200)

	
	
	28
	B cell, thymus
	-146 to -37 (100)

	
	
	33
	blastocysts
	-159 to -78 (100)

	RFX1
	human
	30
	testis
	-34 to 49 (100)

	
	mouse
	10
	testis
	-91 to 129 (200)

	
	
	14
	oocyte, fertilized egg
	-134 to -134 (20)

	
	
	22
	testis
	-156 to 36 (100)

	
	
	35
	testis
	253 to 261 (10)

	CACCC box-binding factors
	human
	8
	lung, uterus
	-142 to 31 (100)

	
	
	10
	superior cervical ganglion, skeletal muscle psoas
	-173 to -145 (100)

	
	
	17
	human bronchial epithelial cells, colorectal adenocarcinoma
	-133 to -80 (50)

	
	mouse
	9
	tongue epidermis, snout epidermis
	-178 to -66 (50)

	
	
	12
	T cells, B cells
	-97 to -39 (200)

	
	
	18
	lung
	-127 to 33 (100)

	
	
	41
	thymus
	-149 to -17 (100)

	CREB-binding TFs, including ATF family
	human
	14
	BM CD34+ cells, 721 B-lymphoblasts
	-84 to -78 (50)

	
	
	23
	brain amygdala, whole brain
	-210 to -147 (200)

	
	
	30
	testis
	-113 to -9 (50)

	
	mouse
	6
	thymus, ovary
	-236 to -54 (200)

	
	
	10
	testis
	-148 to 31 (100)

	
	
	22
	testis
	-93 to -16 (20)

	ZFX
	human
	3
	BM CD33+ myeloid cells, PB CD14+ monocytes
	-77 to -51 (20)

	
	
	11
	721 B-lymphoblasts, BM CD34+ cells
	121 to 279 (100)

	
	
	12
	721 B-lymphoblasts, BM CD34+ cells
	203 to 262 (50)

	
	mouse
	6
	thymus, ovary
	152 to 334 (100)

	
	
	25
	oocyte, fertilized egg
	54 to 262 (100)


Supplementary Table S11: Full overview of results for the gene sets obtained from TLR-stimulated DCs. (see Excel file) The table gives for each motif and each cluster of promoters the regions of local enrichment (if any, at the top) and the PORI values (at the bottom). These are the raw results of our analysis and are given mainly for completeness.
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