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The workflow of motif detection.
The work flow of motif detection is described in pseudocode (Table S2). Some detailed information can be found below.

Motif Generation
Motif generation was accomplished by using the MEME-ChIP software(Machanick and Bailey 2011) available online (http://meme.nbcr.net/meme/), which was designed especially for discovering motifs in large sets of short DNA sequences centered on locations of interest. At each run, every sequence was considered to have zero or one target motif on either strand. Every run produced a single motif with the highest confidence as the output motif.

Motif Evaluation
The reliability of the generated motif was evaluated from two aspects. First, it should possess high confidence, i.e, the E-value reported by MEME-ChIP, which is the estimate of the number of motifs one would expect to find by chance if the letters in the input sequences are shuffled, should be small enough (less than 0.001 here). Motifs with such small E-value (<0.001) were very unlikely to be a random sequence artifact (1). Second, the detected
motif should have enough similarity to the target motif, as previously reported in the public motif databases, to prevent the production of a cofactor’s motif. Motif was compared against JASPAR (2,3) and UniPROBE databases (4) by TOMTOM (5). Motif was seen as sufficiently similar to the target if its minimum False Discovery Rate (FDR) (TOMTOM q-value) returned by TOMTOM was less than 0.01. If the above two conditions were satisfied simultaneously, the discovered motif was reported as reliable.

Sequence Elimination
Given the motif produced by Motif Generation, the sequence scanning tool FIMO (6) was utilized to find motif occurrence on both strands of each sequence. Motif occurrence was seen as confident if the q-value returned by FIMO was less than 0.01. Those sequences containing no occurrence and FIMO q-value<0.01 were discarded contemporarily.

Stopping Criteria
Motif discovery iteration was considered broken if either one of following two conditions was met: (1) similarity between two consecutive sequence sets Seqi and Seqi+1 was greater than 98%. The similarity was defined as shown below:


(2) the size of Seqi was less than 10% of initial sequence set Seq0. If (2) was met at any time, the whole workflow was terminated.
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