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Phylogenetic trees
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Genetic material transfers

Transfers of genetic material between coexisting species:
e |ateral gene transfer
e hybridization
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Phylogenetic networks

Phylogenetic network: network representing evolution data

e explicit phylogenetic networks

model evolution
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Who is who in Phylogenetic

Networks?

£ Who is Who in Phylogenetic Networks - Articles, Authors & Programs
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Program Arlequin

The goal of Arlequin 15 to provide the average user in population genetics with quite a large set of basic
methods and statistical tests, in order to extract information on genetic and demographic features of a collection
of population samples. In particular, Arlequin implements a Minimum Spanning Metwork algorithm to embed the
set of all minimum spanning trees computed from a distance matrix of haplotypes
(http-/lcmpg unibe ch/software/arlequin3/).

5 publications in the database mention Program Arlequin

Program Beagle

Beagle is a small collection of related programs for analysing the minimum number of recombinations required
for a SNP data set under the infinite sites model. Available at hitp:/fwww stats ox.ac.uk/~lyngsoe/beagle/.
3 publications in the database mention Program Beagle

Program Bio PhyloNetwork

Bio-PhyloNetwork is a Perl package that relies on the BioPerl bundle and implements many algorithms on
phylogenetic networks (http://dmi.uib.es/~gcardona/Biolnfo/Bio-PhyloNetwork tgz). It is used in a Java Applet
which can compare and draw two phylogenetic networks entered in eNewick format with the same set of leaves
(http://dmi_uib.es/~gcardona/Biolnfo/alignment.php)

4 publications in the database mention Program Bio PhyloNetwork

Tushar Agarwal
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Who is who in Phylogenetic Networks?
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Benjamin A_'L.brecht, Celine Scornavacca, Alberto Cenci and Daniel H. Huson.
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28(2):191-197, 2012. [Comment] BBFX  Toogle
Keywords: explicit network, from rooted trees, mininmum number, phylogenetic network, phylogeny, Program Dendroscope,
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Phylogenetic network reconstruction
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: ACCTGGTG TAAAAT

G1 G2

{gene sequences}

distance methods
Bandelt & Dress 1992 - Legendre & Makarenkov 2000 -
Bryant & Moulton 2002 - Chan, Jansson, Lam & Yiu 2006

parsimony methods

Hein 1990 - Kececioglu & Gusfield 1994 - Jin, Nakhleh,
Snir, Tuller 2009 - Park, Jin & Nakhleh 2010 - Kannan &
Wheeler, 2012

likelihood methods
Snir & Tuller 2009 - Jin, Nakhleh, Snir, Tuller 2009 -
Velasco & Sober 2009 - Meng & Kubatko 2009
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Phylogenetic network reconstruction

Problem: methods are usually slow,
especially with rapidly increasing sequence length.
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Phylogenetic network reconstruction

espece 1 : AATTGCAG TAGCCCAAAAT

espece 2 : ACCTGCAG TAGACCAAT

espece 3 : GCTTGCCG TAGACAAGAAT

cspece 4 : ATTTGCAG AAGACCAAAT {gene sequences}
espece 5 : TAGACAAGAAT

espece 6 : ACTTGCAG TAGCACAAAAT

espece 7 : ACCTGGTG TAAAAT

G1 G2 Reconstruction of a tree for each gene

present in several species
Guindon & Gascuel, SB, 2003

AN

L
{trees} HOGENOM Database “\\'(r’ TNR

& \ /\% Dufayard, Duret, Penel, Gouy, a
N A Rechenmann & Perriere, Biolnf, 2005

Tree reconciliation or consensus

explicit . , ¢ u ﬁd} ps
network “° T /A :
. 4~ optimal super-network N:
¢ -_ELQP‘\@ - contains the input trees

- has the smallest number of reticulations

http://doua.prabi.fr/databases/hogenom/home.php?contents=hogenom4


http://doua.prabi.fr/databases/hogenom/home.php?contents=hogenom4

Phylogenetic network reconstruction

espece 1 : AATTGCAG TAGCCCAAAAT

espe:ce 2 ACCTGCAG TAGACCAAT

Corice 4 . ATTTGCAG ARCACCAAAT {gene sequences}

espece 5 : TAGACAAGAAT

espece 6 : ACTTGCAG TAGCACAAAAT

espece 7 : ACCTGGTG TAAAAT

G1 G2 Reconstruction of a tree for each gene
present in several species
Guindon & Gascuel, SB, 2003
T1 ‘“ie
A % s
{trees} HOGENOM Database =\/ TNR
Dufayard, Duret, Penel, Gouy,
Rechenmann & Perriere, Biolnf, 2005
1470 species, >290 000 trees
Tree reconciliation or consensus
o .
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network < ° [ A .
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DN - contains the input trees
- has the smallest number of reticulations
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Phylogenetic network reconstruction

espece 1 : AATTGCAG TAGCCCAAAAT

espe:ce 2 ACCTGCAG TAGACCAAT

Corice 4 . ATTTGCAG ARCACCAAAT {gene sequences}

espece 5 : TAGACAAGAAT
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espece 7 : ACCTGGTG TAAAAT
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The Tree Containment Problem (T.C.P.)

Input: A binary phylogenetic network N and
a tree T over the same set of taxa.

Question: Does N display T?
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Input: A binary phylogenetic network N and
a tree T over the same set of taxa.

Question: Does N display T?

— Can we remove one incoming arc, for each vertex with >1 parentin N,
such that the obtained tree is equivalent to T7?

a b c d a b ¢ d



The Tree Containment Problem (T.C.P.)

Input: A binary phylogenetic network N and
a tree T over the same set of taxa.

Question: Does N display T?

— Can we remove one incoming arc, for each vertex with >1 parentin N,
such that the obtained tree is equivalent to T7?
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The Tree Containment Problem (T.C.P.)

Input: A binary phylogenetic network N and
a tree T over the same set of taxa.

Question: Does N display T?

e NP-complete in general (Kanj, Nakhleh, Than & Xia, 2008)

e NP-complete for tree-sibling, time-consistent, regular networks (lersel,
Semple & Steel, 2010)

e Polynomial-time solvable for normal networks, for binary tree-child
networks, and for level-k networks (lersel, Semple & Steel, 2010)
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Classes of Phylogenetic Networks and the T.C.P.

Our contributions ® explicit
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Outline

e Phylogenetic networks

e Who is who in phylogenetic networks?
e Classes of phylogenetic networks

e The Tree Contaiment Problem

e A quadratic-time algorithm on quasi-stable networks



Stable and nearly-stable networks

A vertex u is stable if there exists a leaf / such that all
u paths from the root to / go through u.

A phylogenetic network is stable if every reticulation

vertex is stable. &

£, t, £ £,

N

A phylogenetic network is nearly-stable if for each vertex,
either it is stable or its parents are.




Strategy to get a quadratic time algorithm for T.C.P.

Given N, a phylogenetic network with n leaves and the input tree T of the T.C.P.

Theorem 1: If Nis stable then:  #{reticulation vertices of N} < 4(n-1)
#{vertices of N} £9n

Theorem 2: If N is nearly-stable then #{reticulation vertices of N} <12(n-1)

Theorem 3: Considering a longest path in N, and following a case analysis:
e either realize that T is not contained in N
e or build a network N’ with less arcs than N such that
T contained in N if and only if T contained in N’



Number of reticulations of a stable network

Decompose N into 2n-2 paths:

e remove one reticulation arc per reticulation,
ensuring we get no « dummy leaf », to get a tree T with n leaves

e summarize T into a rooted binary tree T" with n leaves... and 2n-2 arcs

We can prove (technical) that:
each path contains at most 2 reticulation vertices
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Number of reticulations of a stable network

Decompose N into 2n-2 paths:

e remove one reticulation arc per reticulation,
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Number of reticulations of a stable network

Decompose N into 2n-2 paths:

e remove one reticulation arc per reticulation,
ensuring we get no « dummy leaf », to get a tree T with n leaves

e summarize T into a rooted binary tree T" with n leaves... and 2n-2 arcs

We can prove (technical) that:
each path contains at most 2 reticulation vertices

- N contains at most 4(n-1) reticulation vertices



Number of reticulations of a stable network

« Dummy leaves »?

N Deleting reticulation arcs can create « dummy leaves »
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Number of reticulations of a stable network
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Number of reticulations of a stable network

Possible to avoid creating « dummy leaves »?

16.2 Matchings in Bipartite Graphs 423

16.2.13 Let 7 := G[X, Y] be a bipartite graph such that d(z) > 1 for all z £ X

and d{x) > d(y) for all zy £ E, where r € X and y £ ¥. Show that (7 has a J.A.Bondy
; . U.S.R. Murty

matching covering every vertex of X. (N. ALON)

Graph Theory
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16.2 Matchings in Bipartite Graphs 423
16.2.13 Let (7 := G[X, Y] be a bipartite graph such that d{x) > 1 for all x £ X
and dx) > d(y) for all zy = E, where r € X and y £ Y. Show that & has a J.A.Bondy
5 iE . : : U.S.R. Murty
matching covering every vertex of X. (N. ALON)
' Graph Theory
Given N
tl t3
@Springer
rl qr2
a b ¢ d
: —— . X Y
Build G(N), bipartite graph such that:
X = reticulation vertices of N " tl
— all vertices in X have degree 2 2
e Y = tree vertices of N with at least one reticulation child r2 3
— all vertices in Y have degree 1 or 2 G(N)

e edge between x and y iff x is a child of y



Number of reticulations of a stable network

Possible to avoid creating « dummy leaves »?

16.2 Matchings in Bipartite Graphs 423
16.2.13 Let 7 := G[X, ¥] be a bipartite graph such that d{z) > 1 for all z £ X
and d{x) = d(y) for all ry = E, where r € X and ¥ £ Y. Show that (7 has a J.A.Bondy
d iE . - U.S.R. Murty
matching covering every vertex of X. (N. ALON)
' Graph Theory
Given N A
tl t3 A
@Springer
rl r2
a b c d
| L | X Y
Build G(N), bipartite graph such that:
X = reticulation vertices of N " tl
— all vertices in X have degree 2 2
e Y =tree vertices of N with at least one reticulation child r2 3
— all vertices in Y have degree 1 or 2 G(N)

e edge between x and y iff x is a child of y

—> matching covering every vertex of X - edges to remove from N




Number of reticulations of a nearly-stable network

Reduce nearly-stable networks to stable networks

Remove one
incoming branch node
from each unstable node contraction

o

#UnstableRet < 2 #StableRet < 8(n-1) #StableRet < 4(n-1)



Deleting reticulation arcs to simplify the question

Simplify N by removing an edge near the end of a longest path P.

Case analysis (8 cases):

f%%%%%?%‘



Perspectives...
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