Supplementary Methods
De novo search discovery by MotiGA



We employed a genetic algorithm (GA) based method MotiGA similar to previous implementation SiteGA [Levitsky et al., 2007] to search for motifs represented as a PWM/PFM. The GA taken the input data as the dataset  of N nucleotide sequences {S1…Sn…SN} and the fixed length k of motif was the input parameter. The dataset  was described by nucleotide frequencies (pa, pt, pg, pc). A motif  was represented by related matrices of frequencies {fi,j} and weights {wi,j}. Both matrices had the size 4×L. For any i-th column of frequency matrix we required that , since the motif compiled one k-mer from each sequence of the dataset. We compute weights wi,j as follow:  [Wasserman and Sandelin, 2004; Levitsky et al., 2007]. Matrix score for any k-mer X1X2…Xk was computed as the sum of weights for respective nucleotide types and positions: . The matrix score was normalised to the interval [0; 1] [Levitsky et al., 2007].


[bookmark: _GoBack]The GA optimized the set (population) of motifs (individuals), so that fitness function () for any motif was maximized. This function () was calculated as ratio T()/F() of estimate for the motif content for the dataset  to that expected on the basis of nucleotide content of this dataset. Namely, the value T() we computed as the Kullback-Leibler Discreate Information Content [KDIC, Kulakovskiy et al., 2010] as follow: , here. This measure reflected the column conservation in the frequency matrix {fi,j}. 

To evaluate F(): (a) application of PWM {wi,j} provided the best scoring k-mers {n} for each sequence Sn the dataset ; (b) respective the best scores {BS(1)...BS(N)} of matrix {wij} were computed. Than for each score BS(n) p-value PV(N) was computed as follow. The p-value for score S() was defined as the fraction of the total dictionary (all sequences of length k) that had scores equal or greater than S(). For example, for the length k the dictionary size is 4k. If among them only Q sequences have scores equal or greater than S(), than p-value is equal to Q/4k . The algorithm [Touzet and Varre, 2007] was applied to compute the dependence of p-value from matrix score for a given matrix. Finally F() value was estimated as .
GA started from the population of P arbitrary assigned motifs {1, 2,…, P}. Genetic operators mutation and recombination were defined as a shift in nucleotide distribution in a column of frequency matrix {fij} of a motif  and an exchange of respective columns between two distinct motifs 1 and 2. Application of these operators gradually moved the population to the local maxima of the fitness function. This maximization implied an overrepresentation of high-scoring motifs in the dataset  in the comparison with the expectation based on nucleotide content. 
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