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Phylogenetic trees
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Archezoa

Archaea

Euryarchaeota

Crenarchaeota

Protein 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20

1 1 13 15 15 13 11 14 15 15 16 16 17 29 29 30 33 64 62 68 Man (22)

2 1 12 15 14 12 11 13 15 14 15 15 16 28 29 29 32 63 61 67 Monkey (Macacus mulatta) (23)

3 13 12 9 8 6 7 8 13 13 13 14 15 26 27 27 30 61 59 65 Dog (24)

4 17 16 10 1 5 10 11 15 15 16 16 17 29 29 30 33 64 62 68 Horse (25)

5 16 15 8 1 4 9 10 14 14 15 15 16 28 28 29 32 63 61 67 Donkev (26)

6 13 12 4 5 4 7 8 13 12 13 13 14 26 27 27 30 61 59 65 Pig (27)

7 12 11 6 11 10 6 7 11 11 12 12 13 24 25 25 29 60 57 63  Rabbit (30)

8 12 13 7 11 12 7 17 13 13 14 14 15 27 27 28 31 62 60 66 Kangaroo (Canopus canguru) (28)

9 17 16 12 16 15 13 10 14 3 3 3 8 26 27 27 30 61 59 65 Pekin duck (29)
10 16 15 12 16 15 13 8 14 3 4 4 8 26 27 27 30 61 59 65 Pigeon (29)

1 18 17 14 16 15 13 11 15 3 4 2 9 27 27 28 31 62 60 66 Chicken (17)

12 18 17 14 17 16 14 11 13 3 4 2 9 27 27 28 31 62 60 66 King penguin (Aptenodytes patagonica) (29)
13 19 18 13 16 15 13 11 14 7 8 8 8 28 29 29 32 63 61 67 Snapping turtle (Chelydra serpentina) (31)
14 20 21 30 32 31 30 25 30 24 24 28 28 30 33 34 37 68 66 72  Rattlesnake (Crotalus ad. 32)
15 31 32 29 27 26 25 26 27 26 27 26 27 27 38 35 38 69 67 73  Tuna (33)

16 33 32 24 24 25 26 23 26 25 26 26 28 30 40 34 16 59 56 63  Screwworm fly (Haematobia irritans) (29)
17 36 35 28 33 32 31 29 31 29 30 31 30 33 41 41 16 62 60 66 Moth (Samia cynthia) (34)

18 63 62 64 64 64 64 62 66 61 59 61 62 65 61 72 S8 59 56 62  Neurospora (crassa) (35)

19 56 57 61 60 59 59 59 58 62 62 62 61 64 61 66 63 60 57 41 Saccharomyces (oviformis) iso-1 (36)
20 66 65 66 68 67 67 67 68 66 66 66 65 67 69 69 65 61 61 41 Candida (krusei) (37)
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Ever larger trees in applications:
2> GTDB
Reference taxonomy for archaea and bacteria

2z ~32,000 genomes, based on ANI| and marker genes
2 Silva
2 16S reference tree

2 9.5 million sequences
Nextstrain
2 “Real-time tracking of pathogen evolution”
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Phylogenetic trees

2 (Genome-scale data on populations for related species

2 Phylogenetics meets population genetics
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2z Unrooted phylogenetic networks

..........................

e ~.. Splits networks e m—
I 1 Split decomposition method =
(Bandelt and Dress, 1992) ©

QQQQQ

kokokoko

Haplotype networks
Median-joining method
(Bandelt, Forster & Rohl, 1999)

2 Rooted phylogenetic networks

nnnnnnnnnnn - splitsTrees

Daniel Huson 2022
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===  Unrooted phylogenetic networks

2z Use phylogenetic networks when you can't
assume that data fits on a tree

A. Dress et al.| Discrete Applied Mathematics 71 (1996) 95-109

File: HIV
SIV-Makak
SIV-Sooty Mangabe
SIV-African
Sl Mmkeys HIV-2 Armenian
Greek
Celtic

Albanian

HIV-1

SIV-Mandritl
HIV-1 Zaire SIV-Chimpanzese
[Fit=78.4% (51.4%) ntax=48 nchar=3111 gaps=1158 CONst=356 nonparsi =707
Fig. 8. The evolution of the AIDS-virus. Grey et al. 2010 NeighborNet analyses of the Indo-

European linguistic items
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Haplotype network using
median-joining method

Ma, Sun & Sun., Historical introgression among the species of Rodgersia (Saxifragaceae) in
mountainous forests of southwest China (2018)

Daniel Huson 2022
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Neighbor-Net

Unrooted phylogenetic networks

2 Input: distance matrix D on taxon set X
2 Output: set of “circular” splits 2 on X

2 Equal-angle algorithm computes network
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Data: Greenhill, 2015
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=== Njore work on Neighbor-Net

2z Analysis and improvement
Alternative using ILP
2z Dave Bryant and H:
2 Speed-up weight optimization
2 Use “phylogenetic outline” to display

Daniel Huson 2022 12
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2 Split network for circular splits:

O @ 7. Huon-languages* - SplitsTree6

> Methods | [l Alignment | %= Workflow | PX] SplitsNetwork [ splitsNetwork

? Taxa Filter «@ Hamming Distances @ Neighbor Net @ Show Splits [7 * %: » ? Taxa Filter @ Hamming Distances @ Neighbor Net «@ Show Splits- W * %: »

0 0.1 0.2 ) Allo 0.1 0.21 ) A
Fit: 99.93 Fit: 99.93
Nabak \esem
Nabak Mesem
Mape Timbe
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Kate \ -Selepet ‘Komba
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A Kube Mindik

O(n4) O(HQ) Bagci et al, 2021

Daniel Huson 2022 Data: Greenhill, 2015
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=== Rooted phylogenetic networks

2 Generalization of rooted phylogenetic trees

Hybridization

Tree-child networks)

[Horizontal transfer

' Recombination ' _| Biological concepts

[Duplication/loss

Normal networks)

/{Tree-based networks)

Mathematical concepts)

\{Leve I-k-networks)

. Identifiability

AssssEEssEssssEsssmssmns®

Incomplete lineage
sorting

SRR EEEE R S

-
-
-
-
-
-
*

[Minimize reticulations

Duplication-loss-
transfer scenarios

Explicit (evolutionary
scenario)

[Maximum parsimony)—\
Computational goals

[Maximum Iikelihood)\/

(Bayesian sampling

Interpretation

Implicit (data display))

Daniel Huson 2022
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Rooted phylogenetic networks
4 gerUR AaTpiTiogis * J‘

vl

—

L

A 4

Lamprologus meleagris

Lamprologus ocellatus *
Neolamprologus wauthioni m

Lamprologus speciosus w
genus Lepidiolamprologus - m

Lamprologus callipterus @
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Neolamprologus calliurus ‘
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Koblmuller et al, BMC Evol. Bio, (2007)
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Planet et al, Nat. Gen. (2003)
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Cluster networks («“hardwired”)

2 Cluster network - based on Hasse diagram:

Clusters Hasse diagram Cluster network

{a,b,c,d,e, f},
{a,b,c,d}, “IIIIIS///
EC,Z’eif}, L/
%aizif}}’, —
{a,,b’},, /

{c,d}, o
{a}, ..., {f}. @@6

(Splits: network can have exponential size)
Daniel Huson 2022 16

Polynomial time, size



Hybridization networks («softwired~’)

2 Hybridization network:

2 Input: Rooted phylogenetic trees 71 and 7>

2 Output: Rooted network N displaying 71 and Tz,
using minimum number of reticulations,
hybridization number h

Combinatorial problem

Daniel Huson 2022 17
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=== Hybridization networks

Autumn algorithm

2 Input: two rooted trees 71 and 7>
2 Multifurcations ok
2 Missing taxa ok

2z Output:
2 hybridization number h and
2 all minimum networks

18
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Hybridization networks

Syst. Biol. 58(6):612-628, 2009

© The Author(s) 2009. Published by Oxford University Press, on behalf of the Society of Systematic Biologists. All rights reserved.

For Permissions, please email: journals.permissions@oxfordjournals.org
DOI:10.1093/sysbio/syp068
Advance Access publication on October 21, 2009

Reticulation, Data Combination, and Inferring Evolutionary History: An Example from

Danthonioideae (Poaceae)

MICHAEL D. PIRIEV?*, AELYS M.HUMPHREYS!, NIGEL P. BARKER?, AND H. PETER LINDER!

Unstitute for Systematic Botany, University of Zurich, CH-8008 Zurich, Switzerland;
2Present address: Department of Biochemistry, University of Stellenbosch, Private Bag X1, Matieland 7602, Stellenbosch, South Africa; and
3Molecular Ecology and Systematics Group, Department of Botany, Rhodes University, Grahamstown 6140, South Africa;
*Correspondence to be sent to: Department of Biochemistry, University of Stellenbosch, Private Bag X1, Matieland 7602, Stellenbosch, South Africa;
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Pirie et al, 2009
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Rytidosperma setifolium - - - - - -
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Autumn dlgorithm
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@ java File Edit Select View Data Distances Tree Network Analysis Window Help

[ ] [ ] Danthonioideae* - SplitsTree6

> § Methods | %= Workflow Tanglegram TreePages

? Taxa Filter @ Autumn Algorithm @ Show Trees-2 taxa: 83 trees: 729 D? * E:

o §

N=13

Networks:

729
=36
9
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Autumn dlgorithm

a
java File Edit Select View Data Distances Tree Window Help
b [ ] [ ] -+ Danthonioideae* - SplitsTree6
> | & Methods | %= Workflow | [<] Tanglegram | [X] Tanglegram
C Y TaxaFilter ﬁ} Autumn Algorithm @ Show Trees taxa: 83 trees: 729 W .. B
a H1 : 211 nodes, 223 edges, 13 ret., 83 leaves, tree-based H2 : 211 nodes, 223 edges, 13 ret., 83 leaves, tree-based
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Coartadari £7462

Daniel Huson 2022

Networks:
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New interactive program for:

2z Unrooted phylogenetic networks
2 Phylogenetic trees
2 Rooted phylogenetic networks

> JavaFX, based on SplitsTree4 (2006) and
Dendroscope3 (2012)

Daniel Huson 2022
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=== Example: New Guinea languages

RESEARCH ARTICLE PLOS ONE | DOI:10.1371/journal.pone.0141563 October 27,2015

TransNewGuinea.org: An Online Database of
New Guinea Languages

Simon J. Greenhill'23*

1 ARC Centre of Excellence for the Dynamics of Language, Australian National University, Canberra,
Australia, 2 ANU College of Asia and the Pacific, Australian National University, Canberra, Australia, 3 Max
Planck Institute for the Science of Human History, Jena, Germany

2z Example: 14 languages of
Huon peninsula

2z 391 cognate word characters

Daniel Huson 2022
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PLOS ONE | DOI:10.1371/journal.pone.0141563 October 27,2015

Kate

Tobo

Kube

—1 .
SplitsTree4 | e

Nabak

Mesem
Mindik

Colors:
Blue: Western Selepet
Red: Eastern

Daniel Huson 2022 Greenhill, 2015

Nabak

Mesem
Timbe

Selepet
Komba

Mape

i Beast?2
Bouckaert et al, 2014
Ono

DensiTree
Bouckaert, 2010

Burum
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> Methods ’m Alignment

Select Sites ¥

Taxa

Borong
Burum
Dedua
Kate
Komba
Kube
Mape
Mesem
Mindik
Nabak
Ono
Selepet
Timbe
Tobo
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{ NCON | Huon-languages* - SplitsTree6

labak

eeeee

> Methods | [l] Alignment | €= Workflow “z] SplitsNetwork

? Taxa Filter @ Hamming Distances @ Neighbor Net @ Show Splits taxa: 14 splits: 40

0 0.1 0.12

Fit: 99.93 i

Nabak pesem

Mape Timbe

Kate \ Selepet

Komba

Data: Greenhill, 2015
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BEAST File Edit Window Help Kube

BEAUti 2: Standard /Users/huson/ideaProjects/community/splitstree6/examples/publications/Greenhill2015/beast2/huon.xml

Partitions  Tip Dates  Site Model Clock Model Priors MCMC

Chain Length 10000000
Store Every -1 » o © huon.xml
) ScaleOperator(YuleBirthRateScaler.t:Huon-languages) 0.2913
Pre Burnin 10000 (sca1e0perator(YuleModelTreeScaler. t:Huon-languages) 0.7468
SN ScaleOperator(YuleModelTreeRootScaler.t:Huon-languages) 0.7287
NI ULERCOH Sttemi - ‘Uniform(YuleModelUniformOperator.t:Huon-languages) -
P tracelog SubtreeSlide(YuleModelSubtreeSlide. t:Huon-languages) 0.5693
Exchange(YuleModelNarrow.t:Huon-languages) -
P screenlog Exchange(YuleModelWide. t:Huon-languages) -

P treelog.t:Huon-languages WilsonBalding(YuleModelWilsonBalding. t:Huon-languages) -
Tuning: The value of the operator's tuning parameter, or '=' if t
#accept: The total number of times a proposal by this operator has
#reject: The total number of times a proposal by this operator has
Pr(m): The probability this operator is chosen in a step of the
Pr(accEnd likelihood: -2427.4555013835156
|[m): The acceptance probability (#accept as a fraction of the total pr

Total calculation time: 1834.743 seconds

Sample From Prior

—‘

10,001 trees

Bouckaert et al, Beast 2, 2014

Daniel Huson 2022
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[ ] @ =t Huon-languages* - SplitsTree6 e

> Methods | = Workflow TreeView | ] SplitsNetwork -
1 Borong

Y Taxa Filter @ Show Trees taxa: 14 trees: 10,001 w * %: Mindik

7| ”r—‘
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Tobo

> Methods | = Workflow TreePages | ] SplitsNetwork i
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Consensus network

3 Huon-languages* - SplitsTree6

> Methods | = Workflow | <] DensiTree | PX] SplitsNetwork

Y Taxa Filter

@ Consensus Network

@ShowSplits taxa: 14 splits: 39

0 1

222

Kate Mape Ono

100
Tobo—_

Kube

100
Mindik
Burum

Borong

100- Nabak
100 Mesem

Timbe

Komba

Selepet

Daniel Huson 2022

Holland and Moulton, 2003
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Mape
@ @ Huon-languages* - SplitsTree6 -

Ono
P Methods | #= Workflow ESplitsNetwork DensiTree

Komba

Tobo

j Dedua
Y TaxaFilter Jﬁ} Reroot Or Reorder Trees >@ Shoy taxa: 14 trees: 10,001 I}’ P
TreeView

TreePages

Kube

Borong
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Text

Mindik

Nabak

|

Mesem
Selepet
Komba

Timbe

Mindik
Burum
Tobo
Kube
Borong

Daniel Huson 2022 BOUCkaert 201 O



EBERHARD KARLS

UNIVERSITAT

TUBINGEN ) °
Institute for Bioinformatics r
and Medical Informatics D en SI -t ee
) ) ;L Huon-languages* - SplitsTree6

> Methods | %= Workflow | [X] DensiTree | )] SplitsNetwork

?TaxaFilter @ShowTrees taxa: 14 trees: 10,001

Timbe omba
Selepet

Mape

Kate Mesem

Nabak

Ono

Borong

A Mindik Burum Tobo Kube

Nabak

Mesem

Timbe

Selepet
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@ java File Edit Select View Data Distances Tree Network Analysis Window Help

[ ] [ ] Danthonioideae* - SplitsTree6

Rytidosperma clade

> | § Methods | %= Workflow ETanglegram [ETreePages Mountain

Menmuelera dade  ougroups

? Taxa Filter @ Autumn Algorithm @ Show Trees-2 taxa: 83 trees: 729

New Zealand
Cortaderia clade Mermuellera arundinacea

Cape Merxmuellera

Plinthanthesis da
Notochloe Pentaschistis clade
Cortaderia pilosa
Cortaderia archboldii
Chionochloa

Chagfobromus /
Pseudopentameris

Danthonia
South American
Cortaderia clade

Networks:

/2

2 How to summarize? 2 Densi-network?

Daniel Huson 2022 36
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> Methods | %= Workflow | <] Tanglegram ‘ X Tanglegraml

? Taxa Filter @ Autumn Algorithm @ Show Trees-2 taxa: 83 trees: 729 w * %:

H1 : 211 nodes, 223 edges, 13 ret., 83 leaves, tree-based H2 : 211 nodes, 223 edges, 13 ret., 83 leaves, tree-based

'

Daniel Huson 2022
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>

) Methods H - Workflow ” Tanglegram\ Tanglegram

>Y Taxa Filter> o) AutumnAIgoﬁthm> >& ShowTrees-2> taxa: 83 trees: 729

H1 : 211 nodes, 223 edges, 13 ret., 83 leaves, tree-based H2 : 211 nodes, 223 edges, 13 ret., 83 leaves, tree-based

1.6 of 16G
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> | 8 Methods | %= Workflow H <] Tanglegram H Tanglegraml
8 O &/ ]
8% Input Taxa v 4 > Input Trees v
9 size: 83 F size: 2
Y TaxaFilter L4
v » S
38 Working Taxa v Y Input Data Filter v > Working Trees v £ Show Trees V4 £ Tanglegram v
52 size: 83 =0 & » = 7 size: 2 =1 5 » = B4 size: 2
£ Autumn Algorithm > Trees V4 £ Show Trees-2 v Tanglegram v
[ » = B4 size: 729 = [ » = F size: 2
A
<[ ) >
1.6 of 16G
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> | 3 Methods | &= Workflow ” [X] Tanglegram H X Tanglegram]
8 O &/

8% Input Taxa « > Input Trees v

03 size: 83 02 size: 2

Y Taxa Filter v Anti Consensus Network

v » Autumn Algorithm

4} ! Average Consensus
J8% Working Taxa L4 Y Input Data Filter v > Working Trees (V4 | . £ Show Trees 2V 4 £ Tanglegra '
v} size: 83 = ¥ » e o oizes2 A 'S = o < Average Distances
,\J}\ Bootstrap Tree
& Autumn Algonthm v | o x Trees J_L&Shnﬂna‘ Bootstrap Tree Sphts V
7 size: 729 /)
o » [ show Text.. Consensus Network
d Export.. | Consensus Tree
[} Add Tree >

Consensus Tree Splits

[ AddNetwork || credibility Network

[Nl W\lTol1 (sl MM Filtered Super Network

Loose And Lacy

Normalize Networks

Reroot Or Ladderize Trees

Rooted Consensus Tree
Show Trees
Super Network

Tree Selector
=| Tree Selector Splits ::]

Trees Filter

1.6 of 16G

Trees Filter2

Daniel Huson 2022
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> | ) Methods | Z- Workflow " <] Tanglegram " Tanglegram " X TreeView}
8 O &/ ]
8% Input Taxa v 4 > Input Trees v
9 size: 83 F size: 2
Y Taxa Filter v 4
v » S
sem Working Taxa v Y Input Data Filter v > Working Trees v &+ Show Trees v £ Tanglegram v
52 size: 83 o & » = 7 size: 2 =1 5 » = B4 size: 2
£ Autumn Algorithm > Trees V4 £ Show Trees-2 v Tanglegram v
5 » = B4 size: 729 = [ » = 7 size: 2
£& Nomalize Networks > Trees-2 v £+ Show Trees-3 L4 TreeView
F » a B size: 729 a 7 » = r size: 7.
A
<[ ) >
110f16G
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| XON ;. Danthonioideae* - SplitsTree6

> Methods | %= Workflow | <] Tanglegram | <] Tanglegram | <] TreeView

Y Taxa Filter @ Autumn Algorithm @ Normalize Networks @ Show Trees-3 taxa: 83
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Francis, H. and Steel (2021)
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@ @ ¢ Danthonioideae* - SplitsTree6
> | ) Methods | Z= Workflow Tanglegram Tanglegram TreeView
BSEE A+ A
Input

Pirie, M.D., Humphreys, A.M., Barker, N.P. & Linder, H.P. (2009) .
Retlculation, data compblnation, and 1nferring evolutionary history:
an example from Danthonioideae (Poaceae). Systematic Biology 58: 612-628.

Methods:

Analysis was performed using SplitsTree6 6.0.0 alpha (Huson and Bryant 2006).
The original input consisted of 83 taxa and 2 trees.

The Show Trees method was used (View=Tanglegram) so as to obtain a Tanglegram
Scornavacca et al, 2011).

: metho aEdJLingmgp}S) was used (default options)

visualization
The Autumn Algofithmzﬁéthod (Husdn,
so as to obtain 729 rooted networks.
The Normalize Networks method (Francis
729 rooted networks.

The Show Trees method was used (default options) so as to obtain a Tree View
visualization.

et al, 2021) was used so as to obtain

References:

r"Francis et al, 2021: A Francis, DH Huson and MA Steel. Normalising
phylogenetic networks. Molecular Phylogenetics and Evolution, 163 (2021)

v
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Software in
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2 Evolution of Viruses
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O [ ams Mathematics of Evolution-Phy' X +

< C @ ims.nus.edu.sg/events/mathematics_evolution

BUS | dnS

Mathematics of Evolution-Phylogenetic
Trees and Networks

(05 Sep 2023-29 Sep 2023)

Venue

IMS Auditorium

Institute for Mathematical Sciences
National University of Singapore
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Thank you!

Joint work with Dave Bryant

Some programming by Daria Evseeva

https://software-ab.informatik.uni-tuebingen.de/
download/splitstree6

ROYAL

S@EENRYG
TE APARANGI

Daniel Huson 2022



