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Phylogenefic

= As|a data representation

technique
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= Splits graphs and ofhers

Networks

= As a more complex

model of evolution

X5

X1 XXz X, X x, Xg

= Reticulation graphs:
suchi as hybridization
graphs or ancestor
recombination graphs
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Phylogenetic Networks

Either type of graph can be unrooted or rooted

primates.nex’ 7] - SpltsTreed-BETA (bult 2000Aug02) 1) — o] trees.nex [3] - SplitsTreed-BETA-6 (buift 2004Junc01) L83 e e
File Edit ¥i tions Method Window i

. Saimiri_sciureus

Rc

Rerithmifoliu

‘buchananiil

" pan go

i_pilifarusl

Fit=97.53 L5Fit=99_94 Taxa=6(of 12 Chars=898 Splits=12 [Characters > Hamming = SplitDecompositi Taxa=11(0f 46) Trees=2 [Trees = GalledTree] Vertices=24 Edges=25

= Rooted splitsigraph. = Unhrooted
reticulation graph
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= The split encoding 2( 1) of a tree T:

6163646467 V5 G,,6565

What is a Sﬁlifs uGr'aph? |
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What is a Spll'rs Gr'aph?

Cut-set of parallel edges defines split {A,B} vs rest
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Gloss'r'hyh ‘

Splits system X: a set of splits
(bipartitionings) of a given taxon sei X
Splits graph G: graph representing X
(includes trees, not necessarily planar!)
Splitsiliree: a program providing various
algorithmsi for computing splits graphs
Split decomposition: an algorithm for
computing splits from distances

(ofher: Neighbor-Net, consensus networks,
or Z-super hetworks)
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Example: Consensus Networks
Six input frees:
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_fungi.nex - SplitsTreed BETA 6 (built 2004June01) o)

File Edit Yiew Options Method Window
Data |

Graph

Alternaria_porri  Alternaria_tenuissi

5T 10

Alternaria_porri_GB1  Method - fungi.nex Splits Treed- BETA-6 (bullt 2004June01)
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Al 1-ni  Alternaria arborescens ?
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[ Taxa [(IPRITGRE N CHararere s Dist -‘Hiwmm: ngll*.lfm, W' P r| o V i d e S m a ny

Select |

{ ] { ]
[3] "Exserohilum_pedicellat [T CEWTd_TNMTECLOTId h I n T C n I S S
[11] "Alternaria_cheiranthi’ Hide = [4] "Alternaria_solani_GBX p y O e e | a a l

{ )
[13] 'Stemphylium_botryosy (9] 'Pleospora_herbarum' us n '|'r' s nd
[14] "Stemphylium_sarcinae i [8] Stemphylium_vesicarium’ | 9 ee G
'Pleospora_herbarum_G ™) Hide all |
: [ »] 4

plei

Show . .
— e algorithms for
L At i ol Shod wv-abnformati ui-
[12] "Alternaria_solani_GE1' [10] "Alternaria_brassicicola_G
[15] "Alternaria_selini’
; networks

From graph From graph

[nTaxa= 63 ¢ of 63 hidden)
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The Spli'rsTr'ee Pr'ogr'am

fungi.nex - SplitsTreed-BETA-6 (built 2004Junc01) 8

| | LT

File Edit Yiew Options Method Window

rraria_br

. "
Ulocladiuia _atternarm

Fle ora_herbarum _GE
Stem phylium _

[ IR

Taxa=63 Trees=55plits=133 lTrees:» ISuperHetwann Embed] Vertices=250 Edges=3§9

*Qﬁmo%n*\
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The Spli’rsTr"e“ ’Pr'ogr'am

fungi.nex - SplitsTreed-BETA-6 (built 2004Junc01) 8

File Edit Yiew Options Method Windnw:

[] Least Squares-unconstrainedy

Select splits using filter: (' Greedy Compatible
Pl
Stemphylium_herbarum _C g 1fe o e =
Exzarabdt 1 - Him by ) Greedy Weakly Compatible

Fle ora_herbarum _GEB4

\ariae L Embel
Main Win CIO\/\/ St-zm:-}'u':,-'lil.m I i ar".. " ) (' Weight threshold

Taxa=63 Trees=55plits=133 [Trees = Ziuperdetwork

Confidence threshold

) Set Maximum Dimension

MeThOd Window nsplits=133, total weight=103.07692
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Example: Z-Super Network

= Five trees fungal trees from
(Pryor: 2000) and (Pryor 2003)

" Jrees:.
= TTS (two frees)
= SSU (two frees)
= Gpd (one tree)

= Numbers of taxa differ: “partial frees”

= Trees from TreeBase
= Unfortunately, no edge lengths



Taxa=46(o0f 63) Trees=1(of 5 5pl

ernaria_alternata

=89 [Trees > FSuperdletwork > EqualAngle] Ve

m_iE1

_herbarum_GE1

e3=90 Edges=89

Show

[1] "pryor00_1_ITS"

Method - fungi.nex SpiitsTreed-BETA-6 (built 2004Junc01) 83

‘pryori
‘pryor03_3_gpd'
"pryor00_

Show all

Hide all



Individual Gene Trees

funginex - SplitsTreed-BETA-6 (built 2004June01) B3
File Edit Yiew Options Method

| l |

Taxa=40(of 63 Tre I'pryor03_1_[ = "pryor03_2_SsU°
how | rpryoro3_3_gpd'

‘pryor00_1_ITS"

‘pryor00_: sUrDMA"
Hide =
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File Edit
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Alternaria_brassickpla

Method - fungi.nex SplitsTree4- BETA-6 (built 2004.June01)

Edit

Alternaria_petrosel

Alternaria_selini File

Alternaria_smyrnii

Hide Apply

‘pryor03_1_ITS'
< Show | rpryer03_2_SSU¢
‘pryor03_3_gpd'
‘pryor00_1_ITS'

Taxa—29(of 63) Trees—1(of 5 5plits=55 [Trees = Zsuperietwork » EqualAngle] Vertices—56 Edges—55 (1]"pryor00_2_SSUrDNA'

Hide =

Show all

29 taxa

Hide all

Ly

nTrees= 1 ¢ of 5 hidden)




Individual Gene Trees \

fungi.nex - SplitsTreed-BETA-6 (built 2004June01) 03
' Options  Method

arotiincultae

Stemph

‘pryor03_1_ITS'
‘pryor03_3_gpd'
‘pryor00_1_ITS'

W ‘pryor00_ UrDMA
| showann |
| Hidean |

Show all

Hide all

nTrees= 1 ¢ of 5 hid
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Individual Gene Trees

funginex - SplitsTreed-BETA-6 (built 2004June01) 8
File Edit ' i g findow

ul lr:_-;lﬁ.n'rf_a? ut
=

Mirmbyy

Taxa=40{of 63) Tre
‘pryori

‘pryor00_1_IT!
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Gene Trees asSuper Network

N W

.

Method - fungi.nex SplitsTreed-BETA-6 (built 2004June01) m L
BT, Distances) [(OUartersy | Trees [(Splits|

Choose trees tranformation: fsuperdNetwork Apply

ZRule [boolean]
Weights [boolean]

LeastSquare [boolean]

Seed [int]

MumberOfRuns [int]

SuperTree [boolean]

IE—cIusurE super- network from partial trees (Huson, Dezulian, Kloepper and 5teel 2!]!]4]

Z-closure: a fast super-network method (WABI 2004)
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Gene Trees as Super Network |

[ [ [

fungi.nex - SplitsTreed-BETA-6 (built 2004June01) _@ .

I

ions Method

Alternari

Stemphylivm_herbarum_GE1

‘pryord3
‘pryor03_3_gpd'
‘pryor00_2_SSUrDMNA'

Show all

Hide all

oo |
e |



Gene Trees as Super' Networ'k |

fungi.nex - SplitsTreed-BETA-6 (built 2004June01) oty

il

|a I |

File Edit Yiew Options M

s LTS0S+
Alternaria_petraselini S S U OO

Jternaria_br. ola

Method - fungi.nex Splits Treed-BETA-6 (built 2004June01) @
File Edit

Taxa=46(of 63) Trees=2(of 5 S5plits=564 [Trees = ZSuperetwork = EqualAngle] Vertices=101 Ed
‘pryor00_1_ITS'

Hide all

e |

3 of 5 hidden)
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Gene Trees as Super Networ i
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fungi.nex - SplitsTreed-BETA-6 (built 2004June01) oty =

S R = e

- Method Window

solani_GE1

Plec
fium_herbarum

herbarum_oGR4
pora_herbrum_

Stemphylium_ rium

Taxa=62(of 63) Trees=3(of 5 S5plits=112 [Trees > Z5uperdetwork > EqualAngle] Vertices=126 Edges=13§

Hide all

e |

nTrees= 3 (2 of 5 hiddern)
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Gene Trees as Super Network |
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fungi.nex - SplitsTreed-BETA-6 (built 2004June01) 03

R = e
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"pryor00_2_SSUrDNA

Hide all

e |

nTrees= 4 ¢1 of 5 hidden)
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fungi.nex - SplitsTree4-BETA-6 (built 2004June01)
File Edit Yiew Options Method Window

[ Graph [ Data |
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stemphylium_vesicariumAlternaria_infectoria_GE1 Show Hide Apply

Alternaria triticina  Mimbya_scirpicola [1]'pryor03.1_ITs’
Taxa—=63 Trees=55plits=133 [Trees > ZSuperdetwork =~ Embed] Vertices=250 Edges=389 2] 'pryl:lrl]3:2:SSU' < Show
[3]'pryor03_3_gpd"
[4] "pryor00_1_ITS"
[5] 'pryor00_2_SSUrDNA'

Hide =

Show all

Hide all

L

nTrees= 5 (0 of 5 hidden)
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Reticulation Networks N
B \Ances’rr'al genome

91

Build gene frees

Q
N\
b,

by a C b
B 3 | vl [
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P-tree
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Reticulation Nﬂvrks
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gene tireel gene tiree2 combined reticulation
splits graph
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reconstructed
reticulations

Two hybridizations = all splits
four different gene trees
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generator.trees.nex’ [7] - SplitsTreed4-BETA (built 2004Aug02) g ’

File Edit VYiew Options Method Window

R
o 13

plits=33 [T Angle] Vert
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Splits Graph

untitled® - SplitsTreed-BETA (built 2004Aug02) ==

File Edit View Options Method Window

a2

Taxa=24 Trees=85plits=53 [Trees = Consensusletwork = ReticulatedEvolution] Vertices=106b Edges+
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Reticulation Grap

= — e T f“_‘n_(‘

File Edit VYiew Options Method

az%al
as

Taxa=24 Trees=85plits=53 [Trees = Consensusletwork = ReticulatedEvolution] Vertices=41 Edges=|!




Reticulation Grap

untitled® - SplitsTreed-BETA (built 2004Aug02)
Method Window

File Edit View Options
[ Graph [(Data | Input |

1.0

103

generator.trees.nex’ [7] - SplitsTreed-BETA (built 2004Aug02) oS4
File Edit Yiew Options Method Window

e

hm/ [ %‘QP
1 " hlb h?;P héQ h2P B

Taxa=24 Trees=85plits=53 [Trees = Consensusletwork = ReticulatedE

Taxa=18(0f 33) Trees=4 Splits=33 [Trees = TreeSelector = EqualAngle] Vertices=34 Edges=33
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Application to Real DaTa: Buﬁercups |

ITS.nex’ - SplitsTree4-BETA (built 2004Aug02) 83

File Edit Yiew Options Method Window
(Graph | Data | input |

Hoooo1g

ions Method
G'a h ﬁ-

.

_piliferu

rticillatusl

Fit=44.28 L5Fit=67.12 Taxa=46 Chars=665 5plits=30 [Characters > Hamming = SplitDecomposition = E

Fit=49_46 LSFit=74 01 Taxa=46 Chars=b607 Splits=40 [Characters > Hamming = SplitDecomposition =

LTS (huclear genome) JSA (chloroplasi genome)

Jjointly with Pete Lockhart
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Application to Real Data: Buﬁer.c.:_ups "

- - -
PRFFFFRRTE. RRFFRRRTTY. PR

trees.nex” - SplitsTreed-BETA (built 2004Aug02)

File Edit View Options Method Window

Fzericophyllus2
Rpinguisl Rsericophyllusd
Rpinguis? =, Psericophyllusd Rgunnianus
Tsericaphyllusb o
Hesericaphylluss g
Pik|dis
Fsericophyty Fsericaphyllus3
RpachyrrhizusH Rpachyrrhizus2
Rgrehamiiz
Rfiaastii_haastiil
- Rgrahamii
o Ranemaneus
i} . BdrAastii_haastii2
123 z RIvalliiFl

Rscrithalis «

Fgracilipesl, Rgracilipes2 AT !
Remysiil - HyalliiSplyalliis

. RIvallii3
Rgodleys s e
F:erw.-'siizEl - . 2w~Rbuchananiil

. RINZIgRL FAvalliid Rlyalliil
Funﬂgnl Rbudhananiid

O Rnivicola Rbuchananii2
Renysiid A Ruwertictllatus2

Rcrithmifolive ScrithmifoilusRhaastii_piliferusl, Rhaastii_piliferus2
Rerithmifolivs_paucifolius Pverticillatusl

Rerithmitolius_crithmifoilus2

Taxa=4bTrees=25plits=113 [Trees = Consensusletwork = EqualAngle] YVertices=194 Edges=273
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trees.nex” [4] - SplitsTreed-BETA (built 2004Aug02)

File Edit View Options Method Window

: 1.0 Fgodlevanusl Figra!:i_lipesl Fsericaphylluss
Rinsignisl _ Roracilipes2 Rsericoppfliusd
Rinsighis2 Reflaglevdyus2 Regrysiil Rpinguis2 %4 Raericophyllusd

Fip quisl Rsericnphyllusﬁ

Rhivicola - .J‘-r

Fgunnianus

/7

-y
‘f’

Method - trees.nex [4] - SplitsTreed-BETA (built 2004Aug02) :g —,:‘:__

File Edit

o Rsericophyllus

RRIGHEaN CHaraa e e e tan sy Diares|

Select |
Show Hide Apply

[1] "Riyallii4” = 'Ranemoneus’
| . [2] "Rbuchananii4’ A = show | [Rivalliiz
Fgrahamii 3] "Rbuchananii1’ "RiyalliiF)

h [4] "Rbuchananii2 "RiyalliiTE'

Rlvalliid ‘-p"'
FLI'-;&IIH

Faastii_pliferusl

[5] "Riyalliis’ "Rlyallii3'
..-f ," Rhaastii |:||||fE Fuyse ) ' [6] "Riyallii1’ i Hide > | Rverticillatus1’
= - " . [7] 'Rhaastii_haastii1’ = "Rverticillatus2
‘buchananii2 g Rgrahamii [8] "Rhaastii_haastii2’ "Rscrithalis’
Oy = H [9] "Rgrahamii’ 'Rerithmifolius_crithmifoilus’
Rbuchananiid RII:"IREE!“Ilh 1 Rh aaﬂ“—h.ﬁaﬂllz.. [10] 'Rgrahamii? Show all | rpcrithmifolius_paucifolius’
uchananii Rhaastii_haastiil [11] ‘Rsericophyllus1’ *Rerithmifolius_crithmifoilus2

[12] 'Rsericophyllus2' 'Renysii2’
[13] 'Rsericophyllus3'

! Hide ani | | ReNysiis'
[14] 'Rsericophyllus$ :
From graph From graph

|nTaxa= 33 (13 of 46 hidden)

Taxa=33(0f 46) Trees=2 5plit5=79 [Trees = ConsensusNetwork = |




Algorithm to Detect Reticulation |

> Input: set of splits X

> Process each component off the
incompatibility graph IG(X) separately
* Generate alll possible “linear”
reticulation scenarios

* Check necessary conditions on splits
* Check sufficient conditions on splits
> Modify splits graph tio display
detected reticulations
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Recognizing an Isolated Reticulation |

e

v/v/v/ /A@
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Recognizing an Isolated Reticulation |

The associated splits graph...

SO S«
o,:,o
N
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Spll’rs Graph to Re‘hculahonéraph T

The associated splits graph...

Deletie all
internal edges
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Ia 1.

- WRNNERNEN N eI
Splits Graph to Reticulation &

raﬁh

The associatied splits graph... & the refticulation graph

Delete all
internal edges
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Reconstruction From Mosaic Sequences |

Mosaic sequences evolving Splits graph containing
along two different trees the splits of both trees

B

A: . | :E
B D Nelghbor ~net \_<

B As seqguences grow. Ionger

A E

C D INeighbor-net consistent:
oh circular distances

Bryant, Huson, Kloepper and Nieseli, WABI 2003 Galled treesialways circular
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Summary |

= Splits graphs and reficulation networks
are different, but related types of
phylogenetic networks

= Based on this, algorithms for detecting
and visualizing “linear™ reticulation
scenarios; can be developed

= Implementations exist and will be' made
available in SplitsTree
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