Text S1: Overview of cisTargetX using dorsal (dl) as an example
CISTARGETX

consists of two steps, illustrated in the Figure below for a positive
control TF, namely Dorsal, for which an informative position weight matrix (PWM)
and many direct target genes are known [1,2,3]. In the first step (A-F), the ClusterBuster [4] algorithm and a PWM is used to predict binding site clusters (BSC) in all
5kb upstream sequences and all introns for all Dmel genes, and in all the net
alignments [5] of these regions to 10 other Drosophila genomes. The choice of 5kb
upstream and introns as search space is based on a benchmark study we performed
before [6]. The Cluster-Buster scores are converted to ranks in each species separately
and then combined into a final ranking of all Dmel genes (F). We recently reported
that this procedure to score multiple genomes is a powerful approach to use
comparative genomics, without being dependent on strictly aligned binding sites [6].
By scoring each orthologous region separately, this method takes advantage of
evolutionary conservation without being affected by alignment artifacts or binding
site plasticity [7,8,9,10]. Note that for this example and for the applications in the
retinal differentiation network we only perform homotypic scans (i.e,. one PWM is
used as input of Cluster-Buster) because we explicitely search for target genes of a
one particular TF. An extension of this framework to heterotypic scans is feasible
[11].
In the second step of the CISTARGETX procedure (G-H), we plot the genomic ranks of
a set of co-expressed genes in a cumulative recovery curve (H), as applied before on
similar or related problems [6,11,12,13,14]. If the co-expressed gene set is
significantly enriched for direct targets of the PWM, we expect the area under the
recovery curve (blue curve in H) to be significantly larger than the area under the
control curve. A theoretical control curve, for example calculated by the
hypergeometric p-value at each rank cut-off, is not valid because longer loci have a
higher likelihood of being selected purely by chance [14,15]. Therefore, we use an
empirical distribution of control curves over nearly 2000 PWMs (Table S2). The areas
under these curves, at x=410 (3% of the genome), are normally distributed. For 80 coexpressed genes downstream of dorsal (a mix of direct and indirect target genes) [3],
the recovery curve for the dl PWM (MA0022) is indeed significantly better than the
control curve (Z-score for AUC03 is 5.60), which means that this set is enriched for
direct dl targets, compared to the rest of the genome and compared to the rest of the
motif space or regulome. To determine the optimal cutoff we plot the average
recovery curve and two standard deviations above this average, for the same set of
input genes. At 3% of the genome, the numbers of recovered genes (y-axis) for all
motifs, are also normally distributed. In our example, a cutoff at 220 genes yields a pvalue of 1.97e-09 and predicts 13 direct target genes of dl, out of the 80 co-expressed
input genes. Of these, 12 are true targets as reported by Zeitlinger et al [16], which
yields a PPV of more than 90%, compared to a PPV less than 20% using motif
predictions and comparative genomics alone.

Availability of cisTargetX
To make target gene prediction and regulatory network mapping possible for other
biological processes, we have generated the genome-wide ranking for more than 2000
PWMs and created a web application that assesses whether an input gene set is
statistically enriched for targets of any of these motifs. Because the scoring and
ranking have been performed offline, users can upload their own candidate set and
obtain the analysis results directly online, in about 15 minutes, without the need to
install software or analyze genome sequences locally. Significantly enriched motifs
can be selected, along with their predicted target genes, to obtain predicted enhancers
and binding sites. The latter are visualized directly as custom track in the UCSC
Genome Browser.
The application is available at http://med.kuleuven.be/cme-mg/lng/cisTargetX.

Overview of cisTargetX. (A). Position weight matrix for a TF under study, here
dorsal. (B). Cluster-Buster scoring with PWM on all 5kb upstream and all intronic
regions of Dmel (93330 regions in total). (C) net alignments are used to retrieve
sequences for 11 other Drosophila species that are orthologous to the upstream and
intronic Dmel sequences. (D) Example of the Cluster-Buster hit overlapping the dl
target enhancer in a vnd intron. Not all binding site predictions are conserved. (E) To
the right of the sequences are the Cluster-Buster scores (first column) and the ranks of
the vnd gene in each genome independently. (F) The ranks for each species are
integrated into one final gene ranking, using Dmel CG numbers as reference. (G) A
set of candidate target genes, such as co-expressed genes after TF perturbation, is
obtained, for example by microarray studies. (H) The genomic ranks of the candidate
genes are plotted in a cumulative recovery curve (blue) and compared to the ranks
obtained for the same genes, using genomic rankings by other PWMs.
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