The symbolic package Regexpcount

Pierre Nicodème

Laboratory of statistics CNRS - Genopole - Evry and Algorithms Project INRIA - Rocquencourt

Some examples

INPUT

– Σ = {a, b} alphabet – aba pattern – p_a, p_b letter probabilities

OUTPUT - number of matches

1 + pap_b(1 − u)z^2 1 − z + papb(1 − u)z^2 − pap^2_b (1 − u)z^3 = ∑ πn,ku^kz^n πn,k proba k occurrences of aba in texts of size n → expectation, variance - waiting time for the motif . . . , with error . . .

p_a

[μ, μ + σ, μ − σ] (μ expectation, σ standard dev.) Number of matches of aba in Bernoulli texts

p_a

[μ, μ + σ, μ − σ] (μ expectation, σ standard dev.) Waiting time for aba in Bernoulli texts

p_a [μ, μ + σ, μ − σ] (μ expectation, σ standard dev.) Waiting time for S_1(aba) in Bernoulli texts

S_1(aba) : matches with aba with ≤ 1 substitution

Applications and extensions

Problems – number of matches in random texts ∗ of 1 motif (calibration of Prosite motifs in proteoms) ∗ of several motifs (constrained occurrences of words in DNA) – (constrained) waiting time (r-scans of motifs in DNA Models

– uniform and non-uniform Bernoulli, Markov – matches with or without errors

(insertions, substitutions, deletions) Tools

– automata – generating functions – singularity analysis

Number of matches with 1 motif Σ = {a, b} R = aba, E = Σ^∗R = Σ^∗aba aabbaba•bbabbaba•aaaba•bbbb

0 1 2 3 L_0 L_1 L_2 L_3 a b a b a

b a

b

Chomsky-Schützenberger

L_0 = aL_1 + bL_0, L_1 = bL_2 + aL_1, L_2 = aL_3 + bL_0, L_3 = aL_1 + bL_2 + ϵ,

L_0 = aL_1 + bL_0, L_1 = bL_2 + aL_1, L_2 = aL_3 + bL_0, L_3 = aL_1 + bL_2 + 1.

L_0(a, b) = a^2b 1 − a − b m

marking: Σ^′ = Σ ∪ {m} • → m aaaabambamaaabamaa L_0 = aL_1 + bL_0 + 1, L_1 = bL_2 + aL_1 + 1, L_2 = amL_3 + bL_0 + 1, L_3 = aL_1 + bL_2 + 1.

L(a, b, m) = 1 + ab(1 − m) 1 − a − b + ab(1 − m) − ab^2(1 − m) , F (z, u) = L(p_az, p_bz, u) = ∑ π_{n,k}u^kz^n

Algorithm Bernoulli to Markov

Bernoulli automaton v w b a x c a y z

v^′ w^′ b a

x_{ca} x_{ba}

y^′ z^′ c a

Markov (order 2) automaton

Cartesian product of automata

1 2 0 a b b a

b

0 1 2 a a b a

b b

a

0, 0 1, 1

0, 2 p bbaambpbbbabpaam

2, 1 m b b a a a a b b

F (a, b, m, p) = 1 + a − ap 1 − b − ap − abm + abp gf_{bernoulli}(z, u, v) = F (z/2, z/2, u, v) = π_{ijn}u^iv^j z^n = 2 2 + z − vz 4 − 2z − 2vz − uz^2 + vz^2

Constrained words in H. Influenzae

gxtggtgg overrepresented protecting motif χ length of H. Influenzae = 1830140 μ(χ) = 56.26 σ(χ) = 7.59 observed(χ)=223

What about w = tggtgggc ?

μ(w), σ(w) knowing that observed(χ)=223 ?

Steps of the computation

Compute 1. a marked automaton B for Σ^∗χ × Σ^∗w 2. a markov automaton M (from B) 3. the probability g.f. F (z, u, v) = ∑ πi,j,nu^iv^j z^n (π_{i,j,n} = Proba. text size n distrib. like H. Influenzae has i occ. χ, j occ. w) 4. the solution β of ϕ(1830140, α) = observed(χ)

with ϕ(n, α) = [z^n]^{∂F (z,αu,1)} ∂u | | |_{u=1} [z^n]F (z, α, 1)

5 · μ(w) =

[z^{1830140}]^{∂F (z,β,v)}_{∂v} | | |_{v=1} [z^{1830140}]F (z, β, 1)

6 · Moment2(w) = [z^{1830140}]^∂_{∂v} v^{∂F (z,β,v)}_{∂v} | | |_{v=1} [z^{1830140}]F (z, β, 1) steps 5 and 6 are computed by singularity analysis

Demo maple 1

Demo maple 2

Availability

http://algo.inria.fr/libraries/software.html