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end of 1950s: body plan of each life form is encoded in
genomes

genome projects: differences between genomes are rather
small

today: time, location and amount of gene products are
responsible for causal differences

= regulation of gene expression is basis for differentiation,
morphogenesis and versatility and adaptability of any organism
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Summary: Gene Regulation

e basis for differentiation, morphogenesis and versatility and
adaptability of any organism

e mainly performed by binding of trans-regulatory factors
(transcription factors, TF) to cis-regulatory elements
(transcription factor binding sites, TFBS)

e mutations at TFBS have potential for immense changes

e = research of regulatory elements is one of main fields in life
sciences
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TFBS is limited to small reveal timing/kind of
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computer based methods affect gene regulation

e = Tracker-Algorithm e = creto-Algorithm
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e = vast number of alignments
between random similarities in
unrelated areas

e aim: determining alignments
between evolutionary related areas
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subset of A for consistency %
e exponential growth

e 7 alignments: 128 subsets y
e 250 alignments: ~ 107° subsets

e biological data sets contain of z
millions of alignments = need for
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Heuristic: Algorithmic Sketch

e input: arbitrary set A of local pairwise
alignments

e assemble multiple alignment M, starting with
M =10
e checking iteratively all alignments A € A

e consistent alignments are inserted, inconsistent
are rejected

e alignments in M are consistent subset of A

e problem: inserted alignments cannot be removed
or corrected = insertion order is crucial
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direct / indirect support
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for fast and accurate multiple sequence
alignment. J Mol Biol, 302(1), 205-217
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e artificial data sets A
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n
e comparison of o
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solutions -
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e optimal result found S A
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e calculate local pairwise alignments with low stringency
between all input sequences

e remove repetitive areas based on entropy and mutual
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Footprint Detection with Tracker

calculate local pairwise alignments with low stringency
between all input sequences

remove repetitive areas based on entropy and mutual
information content

calculate maximal consitent subset of alignment set

correct column transition errors caused by
inconsistency-tolerance
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Summary: Detection of Regulatory Elements

tracker detects phylogenetic footprints by computing a new
form of multiple alignments consisting of local motifs that still
satisfy sequence order condition

computation of initial alignment sets and other alignment
steps are completely generic and can be adopted to new

alignment algorithms

todo: usage of phylogenetic information, check for motif
overrepresentation in footprints
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e TFBS turnover (loss and
generation of TFBS) is common
event even when transcriptional
output remains conserved

e existence of TFBS is more
important than exact location

e supported by variability of TF
binding
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evolutionary events are
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specific differences

different rates can
indicate timing and kind
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that affect gene
regulation

problem: evolutionary
rates are unknown
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Model: Assumptions

e arrival of new TFBS is not T 1’:1':::::
influenced by number of
existing TFBS \2‘

e TFBS arise with constant random placement
rate A and decay with 3880300800 o
constant rate p Vo v exponential decay

= Kolmogorov forward equation:

po(t) = —Apo(t) + pupa(t) (1)
pn(t) = Apn—1(t) — (A + pn)pa(t) + (n+1)upari(t)  (2)
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Model: Sketch of Derivation

e replace probability distribution by generating function
e partial differential equation (PDE):

OP(z,t) _

B Mz —1)P(z,t) + pu(l — 2)

0z

e use characteristic equations to solve PDE

OP(z,t)
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Model: Sketch of Derivation

replace probability distribution by generating function
partial differential equation (PDE):

OP(z,t) B
ot

OP(z,t)

Mz —=1)P(z,t) + p(l — z) o

use characteristic equations to solve PDE

expected binding site number:

Eln(0)] = (1 - &) + Eln(e = 0)}e
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Model: Transient probability distribution

e solution:
(1) = L e-OVma—er) mh’(fn) ki (”) (”0) <A> "
Pkt = — \k/\ k L (5)
% (e—ut)k(l _ e—pt)n—i—no—Zk

e for t — oo follows stationary Poisson distribution:

(B e
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Tree Likelihood
e tree likelihood:

Nmax

L= Y w(n)L(n) (7)

N=nNmin

e likelihoods of subtree defined by node i:

. 12 Human
max 14 Chimp
L,-(n) = H Z Pr(m\n, tj) Lj(m) 4|_—|:11 Baboon

Jj€Echildren(i) M=nmin
(8)

17 Marmoset

e breakup criteria for leaves:

Li(n) = { 1 : n=bs(i) (9)

0 : else
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Likelihood Landscape

= Linax(W)
M1 =N max/ e
Au=m
L= 2.18e-06
Amax = 7.956-08
Umax = 1.216-08
— -~ Lo =2.96e-07

T T
4e-08 6e-08
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Lmax(1)
M= Amax Mmax
Mp=n

max= 2.18e-06
Amax= 7.95e—08
Hmax= 1.21e—08
Lo =2.96e-07
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Results: Simulation of Evolution

simulation on linear and binary
trees with different taxa number

number at root: 10

simulation for different realtive
clade ages (RCA = age of root /
half-life time of TFBS)

age of root node: 108, adjust age
by pr and A

draw TFBS number at inner nodes
randomly based on distribution
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Results: Evolution of Methionine Pathway in Yeast
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Results: Evolution of Vertebratee HoxA Clusters
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Summary: Evolutionary Analysis of Regulatory Elements

e completely new approach independent of conserved regulatory
sequences (works even with data where turnover changed
location and arrangement of binding sites)
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e completely new approach independent of conserved regulatory
sequences (works even with data where turnover changed
location and arrangement of binding sites)

e simple, mathematically non-trivial, phenomenological model
for binding site number evolution at a genomic locus
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Summary: Evolutionary Analysis of Regulatory Elements

e completely new approach independent of conserved regulatory
sequences (works even with data where turnover changed
location and arrangement of binding sites)

e simple, mathematically non-trivial, phenomenological model
for binding site number evolution at a genomic locus

e allows detection of heterogeneity in rate of origination/decay
between different lineages/clades = hints for functionally
important changes in the evolution of regulation
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Final Summary

e tracker and creto present complete new approaches to well
known problems concerning detection and evolutionary
analysis of regulatory elements
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Final Summary

e tracker and creto present complete new approaches to well
known problems concerning detection and evolutionary
analysis of regulatory elements

e both programs have been tested on artificial and biological
data and are available for download via homepage of institute
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Thank You

Then the Dean repeated the mantra that
has had such a marked effect on the progress
of knowledge throughout the ages.

“Why don't we just mix up absolutely ev-
erything and see what happens?”’ he said.

And Ridcully responded with the tradi-
tional response.

“It's got to be worth a try.” he said.

Terry Pratchett, Hogfather
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