L{aw 0(01(3 -
R elonlhon s




__D@-l-o..'l;;a‘ £U9(uﬁ‘omwa Secetnerios:

Ew LLJdl'hj 0<{
(7€) to £

.I.J cD;HLJ

@ speciation

» species are characterized by its B duplication
genome: A et

3 ” I’ﬂ(ahél/l.al'b"‘ .
a “bag of genes

> “Genes” evolve along a rooted tree
with unique coloring

£V > M= {oma} = (TIE)

» "x"=gene loss

m Gene duplication : an offspring has two

copies of a single gene of its ancestor #v m\f

e Speciation : two offspring species | M duplication
inherit the entire genome of their m\f AHGT *ﬁ
common ancestor

/ speC|at|0n

A HGT :transfer of genes between il

organisms in a manner other than .

traditional reproduction and across
different species
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Tree-based inference
e ]

» construct gene and species trees and find reconciliation map . between
them

» based on the placing of vertices in gene tree to species tree on infers
speciation events

Graph-based inference

Typically run in two phases:

» a graph construction phase, in which pairs of orthologous genes are
inferred and connected by edges

» a clustering/clean-up phase, in which (groups of) orthologous genes are
constructed/extracted based on the structure of the graph



[REE - BASED (DEA)

Sm—
A l gene a ‘ gene a
B | gene b ] \ \ gene b
C | gene c | gene c

@ ComEute Sgecies Tree:
» Find 1:1-orthologs

= collection of genes such that from each species one gene and
each gene is ortholog to all other genes in this collection

» Select families of genes that rarely exhibit duplications
(e.g. rRNAs, ribosomal proteins)

» Alignments of protein or DNA sequences and standart techniques yield
gene tree with speciation-events only

This history is believed to be congruent to that of the respective species.

Compute Gene Tree without events:

» Alignments of protein or DNA sequences and standart techniques

Compute Gene Tree without events:

» Alignments of protein or DNA sequences and standart techniques

@ Compute Events of Gene Tree:

» Find reconciliation map p w.r.t. certain optimization criteria
(e.g. minimize number of losses and duplications)
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Observation (TR £€E - 2AasE D)
» Compute Species Tree

» some orthologs must already be known!
» since only 1:1 orthologs are used, ~ 90% of the genetic sequence
material remains unused

» Compute Gene Tree + Reconciliation

» Methods that allow to reconstruct the history of arbitrary genes rely on
“restrictive” evolutionary models (e.g. event probabilities, maximum
parsimony)

This reveals a circular problem:

Reconstruction of species trees requires identifying events of the family evo-
lution

Reconstruction of event-labeled gene trees requires a known species trees

Accuracy strongly depends on the predicted gene tree and the used methods

(together with underlying evolutionary model) to reconcile gene and species
tree.
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CRAPH- BASED (i1DEA)

2 Phoases

» a graph construction phase, in which pairs of orthologous genes are
inferred and connected by edges

@ » a clustering/clean-up phase, in which (groups of) orthologous genes are
constructed/extracted based on the structure of the graph
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@ ® speciation

B duplication
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A

time

Orthologs tend to be the homologs that diverged least. Why?

If no HGT, orthologs branched by definition at the latest possible time
point—the speciation between the two genomes in question.

/ DEA:
» T gene tree, S species tree
» ts5(X,Y) = divergence time of
species X, Y.

» y e Yis orthologous to x € X, if

Q X+#Y,
orthologs are never found in the
same species

Q r(x,y) ~ts(X.Y), divergence
timeof xand yin T ~ tg(X, Y).
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> T gene tree, S species tree

> (Y =-divergencetime-of
speecies XY~

» y € Y is acandidate orth. of x € X,

if

Qo

XY,
orthologs are never found in the
same species

sim(x,y) =z sim(x,y')Vy €Y
and

sim(x,y) 2 sim(x’,y) V¥V x’ € X.
if x and y are orthologs, then they do

not have (much) closer relatives in
the two species.

e



Not too weired mutation rates: tr(x,y) < tr(x,y') < sim(x,y) > sim(x, y")
“closer related, higher similarity”

This cannot work perfectly:
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Estimates of R SR B R
Sequence

Orthology tree-free magic Alignments
Relation ProteinOrtho, InParanoid, OMA,
eggNOC, OrthoMCL, Roundup, COG DB

How can we trust such estimates ﬁ. of the true R,?

The least task we can do:
Ask for an event-labeled gene tree that supports our observation.

An estimated orthology relation R. is feasible if
there is atree T = (V, E) with coloring t: V0 — {e, e} such that

t(lcar(x,y)) = e < (x,y) € R, for all distinct x, y € X.

Can we mathematically characterize feasible estimates Re?
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