
Supplementary methods
Multiple hypotheses testing and False Discovery Rate
For inference and multiple hypothesis testing we use the Benjamini-Hochberg method [1] and assume that the p-values (calculated in Equation 1 in the main text) assigned to each word are independent. We consider ordered p-values of  words  and for a given false discovery rate  we find the largest  for which

In order to calculate the False Discovery Rate FDRw  of a word w, we find its rank, , and we calculate the smallest FDR for which all p-values at rank  and higher are not rejected, we refer to this as .

Comparative study
miReduce and cWords were run on words of lengths 6, 7, and 8. By default Sylamer disregards 1-shift or 2-shift repeats in the sequences. In order to test the methods on fair terms, this was switched off (–r2-off). The rankings were constructed in different ways for the 3 methods. MiReduce reports a partial ranking and iteratively adds one word, and parameter, at a time; thus, gradually increasing the complexity of the model. For Sylamer to perform as well as possible we ran it with a bin size of 1 (option -grow 1), such that the background model would be as precise as possible, at the cost of longer execution time. Sylamer returns a list of p-values computed from the hyper-geometric distribution converted into log-scores for each word and we take the maximum across these, for positively correlated words, and the minimum for negatively correlated. Words were ranked by these scores.
[bookmark: _GoBack]We used a broad set of microarray experiments to compare the three methods; differential expression levels were measured over two conditions. The experiments were either cell lines transfected by miRNA versus mock transfection, or inhibition of miRNA vs. control. Of the 19 experiments, 18 were miRNA transfection and 1 miRNA inhibition. Two experiments where miR-1 and miR-124 were transfected in HeLa cells (Lim et al [2]). Nine experiments where HeLa cells were transfected by either miR-7, miR-9, miR-122, miR-128, miR-132, miR-133a, miR-142, miR-148b or miR-181a (Grimson et al [3]), five experiments were miR-34a transfections in different tissues (A549, DLD-1, HCT166, HeLa and TOV21G [4]), a transfection experiment of miR-146a ([5]), a transfection experiment of miR-449 ([6]) and a miR-21 knock-down experiment (Frankel et al [7]).
3’UTR sequence data was obtained from ENSEMBL, release 49; for each ENSEMBL gene ID the longest sequence was selected. miRBase version 19 annotation was used to define the seed regions.
Data used in miR-9 and miR-128 over-expression analysis
miR-9 and miR-128 expression data was the same used in the comparative study [3]. MiRNA and mRNA sequence data: coding regions from the hg19 assembly were downloaded from University of California Santa Cruz (UCSC) table browser ([8]) group ”Genes and Gene Prediction Tracks” track ”Ensembl Genes” release GRCh37 ([9]). 3’UTRs were downloaded from Biomart (Ensembl) release 49. For both coding regions and 3’UTRs the longest corresponding sequence was chosen for each Ensembl Gene ID.
Data used in analysis of Argonaute binding in HEK293 cells
Expression data measuring mRNA expression in immunoprecipitated (IP) Ago ribonucleoprotein particles (RNPs) relative to background mRNA expression in HEK293 cells was obtained from the supplementary material of a previous study [10]. This dataset is an average over Argonaute IP experiments done for each of the four Argonaute (AGO1-4) proteins. HEK293 miRNA expression data was obtained from a miRNA expression database for the cell line identifier ”Kidney-embryo-HEK293-exp” [11].
Data used in analysis of siRNA transfections
Microarray datasets measuring mRNA expression changes, relative to mock transfection, in HeLa cells after transfection of unmodified and 2’-O-methyl modified siRNAs targeting pik3ca, prkce and vhl were obtained from the Gene Expression Omnibus (GEO): PIK3CA-2629-a [GEO:GSM134317], PIK3CA-2629-AS pos2 modified-a [GEO:GSM134318], PRKCE-1295-a [GEO:GSM134323], PRKCE-1295-AS pos2 modified-a [GEO:GSM134324], VHL-2651-a [GEO:GSM134325], VHL-2651-AS pos2 modified-a [GEO:GSM134326]. Genes not expressed, or only expressed at low levels, were excluded from the analysis. This was done by selecting genes with expression level higher than the median expression intensity, measured for each individual microarray. The siRNA sequences and reverse complementary seeds in are shown in Table S1.
	Table S1. siRNA guide strand sequences and seed regions

	siRNAs
	Sequence
	Rev. compl. of seed

	PIK3CA-2629
	UGGCUUUGAAUCUUUGGCC
	aCCGAAAC

	PRKCE-1295
	UGAGGACGACCUAUUUGAG
	aCUCCUGC

	VHL-2651
	CAGAACCCAAAAGGGUAAG
	gUCUUGGG


Sequences of siRNAs used in the experiment and the reverse complement of the seed region. Positions in the siRNAs annotated with lowercase are independent from the actual sequence of the siRNA, analogous with position 1 in a miRNA seed region. 


	Table S2. Comparison of 7mer seed site ranks

	
	7mer Seed site ranking
	Run-time (minutes:seconds)

	
	cWords†
	miReduce
	Sylamer
	cWords†
	miReduce
	Sylamer

	miR-21*
	1
	1
	12
	6:03
	12:19
	59:11

	miR-133a
	2
	2
	2
	6:12
	9:06
	50:42

	miR-9
	1
	1
	1
	5:14
	15:33
	50:45

	miR-7
	1
	1
	1
	4:50
	13:10
	50:54

	miR-1
	1
	1
	1
	4:00
	9:17
	38:14

	miR-132
	1
	1
	1
	5:09
	14:30
	50:18

	miR-128
	1
	1
	1
	2:42
	14:38
	50:16

	miR-142
	1
	1
	1
	5:45
	11:11
	50:06

	miR-124
	1
	1
	1
	3:53
	8:33
	38:05

	miR-122
	1
	1
	1
	2:32
	17:26
	48:22

	miR-148
	1
	1
	1
	4:54
	11:13
	51:25

	miR-181
	1
	1
	1
	5:29
	13:24
	51:05

	miR-34a (A549)
	1
	1
	1
	4:27
	11:17
	38:30

	miR-34a (DLD-1)
	1
	1
	2
	4:55
	9:45
	38:38

	miR-34a (HCT116)
	1
	1
	2
	3:47
	9:25
	38:10

	miR-34a (HeLa)
	1
	1
	3
	3:47
	13:12
	38:17

	miR-34a (TOV21G)
	1
	1
	1
	4:47
	9:49
	38:37

	miR-449
	1
	1
	1
	5:47
	11:17
	57:54

	miR-146a
	1
	1
	4
	6:08
	12:07
	59:05

	Summary1
	1
	1
	1
	4:45
	11:57
	47:18


Ranks of 7mer seed sites from running Sylamer, miReduce and cWords on 18 miRNA transfection and 1 inhibition (marked by *) experiments ([3], [7], [2], [4], [5], [6] and [12]). †cWords was run on 40 cores.
1As summary median rank and average run-time is reported.
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