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Classical Theory for Sequence Motifs

The information the transcription factor needs is

Information as a decrease in uncertainty (entropy): Hperore — Hafter encoded in the DNA sequence of its binding sites

R frequency ~ Rsequence
number of positions number of . FEACGAACGT
in the genome target sites (Schneider et al., 1986) BTAGAAAGC
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Rfrequency: information required to specity y target sites on a genome of G bp. (Schneider, 2000)
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General Theory (n = 1)

A GENERAL
INFORMATION THEORY o
Leucine-responsive OF COMPOSITE MOTIFS Rsequence(iy < — 109> (E) Vi<n

regulatory protein Lrp (equivalent to Schneider’s equation log> (V) < Rspacer) < l0og,(G) Vi<n—1
29t (de los Rios and Perona, 2007) in the special case when 11 = 1)
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We can re-write it by redefining the terms as:
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Rerequency = 10g2(G™) — log,(v) =[_ log, (_)] (bits) Rsequence T Rspacer ~ Rfrequency , 0P
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Landauer’s limit:

Regulator’s biophysics || Energy dissipation ;" '7,,2) (joutes ver bir) || COMpeting strategies

Harmonic oscillator in thermal bath - The Minimum energy dissipation per target recognition: Rsequence VS Rspacer

dict bet . G . . TP
I§ ance. etween recognizers Is Gaussian, RECRUITMENT PRE-RECRUITMENT What encoding stratfegy should be prioritized:
with variance: It depends on mutation rates:

B kBT kaln(z)(Rsequence + Rspacer) joules kaln(Z)(Rsequence)jOU/es substitutions VS indels
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K« SPring Recruitment-based searches: iy Competition experiments demonstrate the

constant less thermodynamically efficient, when the flexibility of the protein structure M importance of mutational robustness.
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Kopt value of i such that | but > 2 possible output states matches the spacer size distribution (e.g.,
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Oprotein — Otargets (combinatorial control). Gaussian spacers: Oprotein

Oprotein

Lo 100% substitutions, 0% indels
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Evolutionary simulations

The proteins quickly evolve 05
their flexibility to match the 0.0
variability in the targets’ spacer. 1.0

n = 1 to reproduce results n = 2 to validate the relationship between
from (Schneider, 2000) Rsequence aNd Rgpgcer in cOmposite motifs.

n=1,G =256,y = 16 n=2_G6=512y = 16
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—— K: spring constant of most fit organism
---- Kopt: predicted optimal spring constant
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