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Ernst Haeckel,
Tree of Life
1866
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Phylogenetic Tr'ees

= et X = {Xy,... X} denotie a set of taxa.

= A phylogenetic free T (or X-free) is given by
labeling the leaves off a free by the set X:

Fin Whale
E}Iue Whale

Cow
Fin Whale
Blue Whale
Habor Seal
Rat

Mouse
Chimp
Human
Gorilla

Taxa + free —  phylogeneftic tree



- © 4
Doaocan

. = s LN TTA C
" Unrooted vs Rooted Trees

Blue Whale Blue Whale
Fin Whale Ein Whale Né%L;SE

; Harbor SealCow __Human
Cow : Chicken Ch'l.mp

Harbor Seal Gorilla

Human
Gorilla

Chicken

Unrooied tiree Rooted tree, rooted using

: Chicken as outgroup
mathematically and
algorithmically biologically relevant, defihe:

easier to deal with clades of related taxa
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*Mutations along branches
*Speciation events at nodes

Sequence of common ancestor
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(Doolittle, 2000)
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Splits Networks

Represents|incompatible signals inidata, from:
= Seguences, e.g.:
= Median network (Bandelt et a/1994)
= Spectrall analysis! (Hendy and Penny 1993)
= Distances, e.g.:
= E.g. Split decomposition (Bandelt and Dress 1992)
= Neighbor-Net (Bryant and Moulton 2002)
= [irees, e.g.:
= Consensus network (Holland and Moulton 2003)

o Super' network (H., Dezulian, Kloepper and Steell 2004)
= Boo#sitrap network (H., implemented in SplitsTree4)
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SplitsTreed-BETA [hu = Lﬂ X = LEJ X
I File Edit ¥iew Data Distance Trees Network Analysi Draw Windov File Edit View Data Distance Trees Network Analysi Draw Windov

mettetatetetettottetageteacetagtt cogogttttot tteangat thtod = |

Taxa=36 Chars=b60 [Characters = DRNA25plits = EqualAnglePG ] Taxa=36 Chars=60 [Characters = DNA2Splits = EqualAnglePG ]

L't charactiers have only 2 staties and not too conflicting:
interpret columns as splits and draw full splits network
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ROl By dusky dolp p Y = N 129 clusky_dofphins.next - SplitsTreed-BETA G (=) 12 1

FIIE Edit View Data Distance Trees Network Analysi Draw Wmtlm- Flll! Edit View Data Distance Trees Network Analysi Drau Windov

[ Network | Data | Source | Network | Data | Source |

IRz 1! 0082332238 0 11&886eT 0.1 0.123232333 0 _123332233 4
TRE 2! 0.0323333335 O 0REEEEET 0,05 O.0832332338 0_083233]
e O.11E6EEET 0,15 012233224 016686667 0. 1EEEEEE
14! O_11ERREET 0.15 0_123233333 0 13333333 0 _1EEREER
A5 0.13323333 0 1REEBEET 0,15 0.15 0_18332334 0.1
TAE! 0.1 0.132232228 011666667 0.15 0.15 011866667
IAT! 0.116EREET 0,15 0_132332334 J_18EEEEET O _1EERGE
RS .1 0.05 005 0.0BREEGET 0.1 O_0BEEEAET 0 _133323124
TR 21 O OREEEEET O OREEEEET 0 _ 0823233238 O _11EEEEET O
TR 0.083233238 0 11866867 0.1 0.13233233 0 _1333332
TA10! 0.05 0_082323233& 0 0&BEEERT 0.1 0.1 0_13322324
1R11! O 0BEEEEET (00322332235 0 _ 09821332238 O _1166EERET
TRl 0.033233235 0 _0EEEREAT 005 005 0.083233228 0
TA14! 0.08EEEEET 0.1 O _0REEEEET 0. 11666667 (0. 11EE66E
TR1T! 0,05 O0_08233232333¢ 0 08REEERT O _0DBREEERT O.1 0.1
TA18! 0.1166666T7 0,15 0.1232322324 J_1866EEET O _1EE6GE
TA19! 0.083233228 0082322238 0.1 0.12332234 0.1 0.1
1EL! 0.118EREET 0,15 0_1322332334 J_18EEEEET O _1EERGE
- 0 11666667 0,15 0.1232322324 J_1866EEET O _1EE6GE
TE2 2t 0.1 0.1322322a 0 _118&&EET 0.15 O0.15 O _116EE&ET
N 0.1 0.133233323 0 116668867 0.15 0.15 O _116EERGT P
- 0.13333324 0 1666667 0,15 018233224 0_182332]% 03 . '
|P| A7 Al

| LSFit=96.27 Taxa=36 Chars=60 [Characters > Uncorrected_P = SplitDec | Fit=84.59 Taxa=36 Chars=60 [Characters > Uncorrected_P = SplitDecom

Split decompositionior Neighbor-Net producesi network
from distances
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rees to Spll'rs Network

o
> trees.nex® [@] = 5plitsTreed-BETA (built 200 L..l (&) (X

File Edit View Datc: Distance Trees Network Analysi D[a\ﬂ Windo

Rpinguis2
Rgunnlanus
= Rpipguisl

Fsericophyllusk
Rsericophyllus,

Rscrithalis RSEI’itORPh [

Renwsiil

_ > rees.nex® (4] - 5plitsTreed-BEETA (it Zl]l] il L.=_| X

" File Edit View Dat: Distance Trees Network Analysi Drav Windoyv

Rpinguisl
Rpinguis2

Rzericophyllusd
Riericokhylluss

. Paunnianus

.crithm ifolivz_paucifalius
crithmifolius_crithmifoilus 2

3
Rerithmifoliuz_critl m' ailu

Rlyallii4
Rehysii - Rlyalliil
Rempsiia | “Pinguisl Rbuchananijl| Rbuchananij?
W ophyllus?, Rsericd I

Rlvalmib Rgrahamii2
{i, Rhaastii_haastiil, Rhaastii_haastii2

iferusl, Rhaastii_piliferus2
Rlyalliii

Taxa=46 [Trees = TreeSelector = E

Rverticillatus2
Ruerticillatusl

Rinsignis2

Rerithmifolivg_paucifoliv

Rgracilipes2, Raracilipesl, Renysiil
Rerithmifolivs_crithmifoilus, Rorithmifolivs_ckithmifoilus2

Rerysii2

2
Rzericophyllus3

Rscrithalis Rsericnph v
i L Rpachyrrhizus2

Pgracilipes1, RaracilipesZ Rhaastii_haastii2

Renysiil . F'\.grﬁlhamjjlz
" Rhaastii_haastii
Al Rgrahamii
anii2 Rhyalliifl
* Ranemoneus

Renysii3
lius_crithmifailus2 7
Rerithmifolivs_paucifolius Rwerticilfatusl Rbuchananiil

Rerithmifolius_crithmifoilys  Fwerticillatus3  Rlyalliil
Rbtchananiid

Rlvallii4
Taxa=46 [Trees = ZClosure = EqualAngle ]

Taxa=46 [Trees = TreeSelector = EqualAngle ]

A collection of frees can be represented by a consensus

network or super network
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Bootstrap Ne'rwor'k

RN EaY beesbs.nex [31- SplitsTreed-BETA (built ) = 2 (X

File Edit View Datz Distance Trees Network Analysi Drav Windov

| Elle Edit Yiew Dat: Distance Trees Network Analysi Draw ﬂmduu?

Ac_erana Aomellifer

A mellifer A cerana

i

100

. A dorsata

A dorsata

M0 A andrenof
BB
A florea

A andrenof

ﬁ._kDSI-:hEH

A koschew

Afiurea

Taxa=6& Chars=677 [Characters = Hamming = NJ = Tree5Selector = Equa¥

Taxa=h [5plits = EqualfAngle ]

Draw all splitsi that have positive booftistirap score



Sp'l'l’ Decomposition & Boo'rs'rr'ap Networ'k'

= Compare the resuli of Split: Decomposition
with aniNJ firee and bootstrap network:

A.cerana A.mellifer
A, ceran

a A.mellifer

A.megllifer
dorsata \

A.koschev

Bio-NJ' tiree Bootstrap network Splits network obtained
via the Split Decomposition

A.dorsata A.dor

A.andrenof: 122
A.florea ROSElEY A.koschev.

A.florea

Bill' Martin: Splits networks show which signals free reconstruction methods are fighting over...
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Rooted Splits Networks

ﬁ mammals.nex* 41 -"splitsTreed-BEETA (built ) - L

O * - =
RN b2y mammalsinext (4]~ SplitsTreed-BETA Ll (= (& )

| File Edit Yiew Dat: Distance Trees Wetwork Analysi D[a'-.ﬂ ﬂml:llul'-.-E

. chicken

Rattus_norr

guinea_pig . Mus_mouse

« Gorilla

* fin_whale

B blue_whale
rabbit

harbor_sel

grey_seal Bos_ta_cow

chiclken

LSFit=99_99 Taxa=11{of 300 Chars=3310 [Characters = ProteinhiLdist =

| File Edit Yiew Dat: Distance Trees Metwork Analysi Drav Windov

Gorilla

harbor_sel
blue_whale i
fin_whale 972y, seal guinea_pig
B rahhlt

, Rattus_norv
. Mus_mouse

L5Fit=99.99 Taxa=11{of 30) Chars=3310 [Characters = ProteinMLdist =

Splits network can be “roofed" e.g. using anioutgroup
(Gambette and H, manuscript)
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Philippe Gambetite, currently visiting Tuebingen from ENS Cachan
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3. Consensus networks



Gene Trees Can Differ

Also allow gene duplication and' loss:

X1 % "

”"

Gene duplication
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Gene Tirees vs Species Trees

Differing gene trees give rise o “mosaic sequences”

Gene A Gene B Gene C Gene D

' ' ' '
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Consensus of lefer'enf ‘Gene r'ees

= For a given set of species, different:
genes lead fo different: trees

= How 1o form a consensus of the trees?
= Consensus trees

= Consensus networks
= Consensus| super hetworks



The Splits of a e

= Every edge of a free defines! a split of:
the Taxon set X:

X1,X3,X4, X6, X7 VS X3,X5,X8 |




The Split E"COd'"Q

d
Tiree Tt
C b
e

Split encoding X(T):

- : {a} {o} {c} {d} e}
D) frivial SPIITS: {b,c,d,e} {a,c,d,e} {a,b d, e} {a,b,c,e} ane {a, b, c,
2 non-trivial splits: ta:be} gng 100

{c,d} fe.d.el



Compafili§ B

= Two splits A;|B; and A,|B, of X are
compatible, if
De{ANA,,ANB,,B.NA, B:A AL}

Two compatible splits:




Compafili§ B

= Two splits A;|B; and A,|B, of X are
compatible, if
De{ANA,,ANB,,BiNA, B:A AL}

Twol incompatible splits:
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Consensus of Trees

%(1/2): majority consensus: %(1/6): (0]
splits contained in more splits contained in splits contained
than 50% of frees more fthan one tree inat least one tree
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Z-Closure Method
= Tdea: Extiend partiall splits.

H Z_r'UIe: Al i AZ A1 AIUAZ




= Five fungal trees firom
[Pryor, 2000] and' [Pryor, 2003]
= Jirees:
= TTS (two frees)
= SSU' (two frees)
= Gpd (one tree)

= Numbers of taxa differ: “partial frees”



SplitsTree 4

Beta

Daniel H. Huson and David Bryant (2005)

Written by:

with contributions from:
Markus Franz, Migtiel Jette’, Tobias Klopper
and Michael Schroder

www.splitstree.org

4beta2b: User manual now available from www.splitstree.org!
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Individual Gene Trees

File Edit Eiew Options Method Window
[ Graph [(Data |

=1

Alternaria_solani_GE2
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Ulacladium_botrais I ARernaria_brafsicde Method - fungi.nex Splits Tree4-BETA-6 (built 2004June01) g
Alternaria_altematEpgh . " -
Ulacladium_chartarum " File Edit

Ulocladium_atrum Alternaria_alternta_GﬁulAlternaria_tenuissima

Alternaria_alternata (Method | Select |
Show Hide App

[1] "pryor00_1_ITS" ‘pryor03_1_ITS'

[ <snow | pryoros 2 ssur

‘pryor03_3_gpd'

"pryor00_2_SSUrDMNA
Hide =

46 taxa e

Taxa=46{of 63) Trees=1{of 5 Splits=569 [Trees = ZSuperletwork > EqualAngle] Vertices=90 Edges=89

i
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Individual Gene Trees

fungi.nex - SplitsTree4-BETA-6 (built 2004.Juned1)
File Edit Eiew Options Method Window
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Method - fungi.nex SplitsTreed- BETA-6 (built 2004.June01)

File Edit
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Ulocladium_atrum
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Show Hide App

[1] "pryor03_1_ITS" ‘pryor03_2_S51

< Show | rpryoro3_3_gpd

‘pryor0D_1_ITS'

"pryor00_2_SSUrDMNA
Hide =

40 taxa e

Taxa=40(0f 63) Trees=1(0f 5 Splits=70 [Trees = Z5uperdetwork = EqualAngle] Vertices=71 Edges=70

i
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Individual Gene Trees

fungi.nex - SplitsTree4-BETA-6 (built 2004.Juned1) 7__ ™

File Edit View Options Method Window

. Pleospara_herbarum
Stemphylium_sarcinaeforme

hyliuﬂm_callistephi Uocladium_botrytis

Stemphlium_yesicariy o Alternaria_cheiranthi

Stemphylivm_botreasum
o Ulocladium_chartarum

Alternaria_altefnata

Exserohilum_pedicellatum ; S
Alternaria_tenyissi o Ulacladium_atrum

Bipolaris_tetramera

Alternaria_brassicae
Alternaria_radicina
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Method - fungi.nex SplitsTreed4-BETA-6 (built 2004June01) g

File Edit

Alternaria_selini

Alternaria_petrosel

Alternaria_smyrnii ["Method | Select |
Show Hide App

[1] "pryor00_2_SSUrDNA" ‘pryor03_1_ITS'

[ <snow | pryoros 2 ssur

‘pryor03_3_gpd'

‘pryor0D_1_ITS'
Hide =

29 taxa e

Taxa=29(of 63) Trees=1(of 3 Splits=55 [Trees > ZSuperdetwork = EqualAngle] Vertices=56 Edges=55

i
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Individual Gene Trees

fungi.nex - SplitsTree4-BETA-6 (built 2004.June01)
File Edit Eiew Options Method Window

[ Graph [Data |

R

1.0
Alternaria_carotiincultas
Alternaria_radicinas
Stemphylium_callistephi
Stemphylivm_wesicarium
Alternaria_petroselini *Pledspoga_herbarum
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Alternaria_brassicigola * Lewia_infectoria
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Alternaria_cheiranthi =

Wacladium_consortiale o Alterharialsolani ® Embellisia_proteae

7 Fries “ i Alterfan LdaETibEIIISIa'hYaJnthI Method - fungi.nex SplitsTreed- BETA-6 (built 2004.June01)
Wocladium_botrytis bellisia_indefessa Alfernaria_crassa Embellisia_novae-zelandiae

: , : : o : File Edit
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Ulocladium_atrum  Alternaria_alternata
Show Hide App
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Hide =

40 taxa e

Taxa=40(of 63) Trees=1(of 3 Splits=65 [Trees = ZS5uperletwork = EqualAngle] Vertices=66 Edges=65
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Individual Gene Trees

fungi.nex - SplitsTree4-BETA-6 (built 2004.Juned1)
File Edit Eiew Options Method Window
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Alternaria_alternata
Alternaria_longipes =

Alternaria_smyrnii
Alternaria_selini

Embellisia_hyacinthi
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Nimbya_scirpicala = :
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Gene Trees as Super:

Br% [ Distances | GUartersi| Trees | Spiits.|

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 Steel 2!]!]4]

Z-closure: a fast super-network method
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Part IV

4. Hybridization and
reticulate networks



Hybr'"idiﬂzihafo —

= Occurs when two organisms: firom
diffierent: species interbreed and
combine Their genomes

Copyright © 2003 Unive:si*ry of Illinois Copyright © 2003 University of Illinois Copyright © 2003 University of Tllinois

Water hemp Hybrid Pigs weed
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Speciation by Hybr'ldlzcmon |

= In allopolyploidization, two different:
lineages produce a new species that
has the complete nuclear genomes of;
botih parental species:

Allopolyploidization

Linder et a/. 2004
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Speciation by Hybr'ldlzcmon 2

= Tn diploid (or homoploid) hybrid
speciation, each of the parents
produces normal gametes (haploid) 1o
produce a normal diploid hybrid:

Diploid Hybridization

Linder et a/. 2004
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Horizontal Gene Transfer

= There are a number of known
mechanisms by whichi bacteria can
exchange genes

- Tr'ansforma’rion Mechanisms of Gene Exchange

= Conjugation (

- TFGnSdUCTIOH ){/ Cn;'uugatmn
'I'rans{urmatmn /

@ / 4 'l'ransductiun
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Reticulate Networks and Trees

= The evolutionary: history associated
WiThi any given gene is a firee

= A network N with k reticulationsigives
rise to 2% dififerent gene tirees

P-tiree Q-tree



Definition Let' X be a set of taxa, A rooted
reficulate network Nion X is a connectied,
directed acyclic graph witih:

= precisely one node off indegree 0, the roof,

= dlllother nodes are free nodes;of indegree 1,
or reticulation nodes'of: indegree 2,

= every edge s a free edge joining two free
nodes, or a reticulation edge firom a tree
node to a reticulation hode, and

= the set of leaves consists of tree nodes and
is labeled by X.



root



7T
R ¥
-

: I:' L o
y va 1
. .--"-"-_

L J

()

Most Parsimonious Network Proble

= Given a set of trees 1, determine a
reticulate network N such that
T C T(N)
and NI contains a minimum number of
reticulation nodes.

= In fully generality, this: isi known to be
a computationally hard problem
[Wang et a/ 2001, Bordewich and Semple 20041].



Independent Reticulations

= Reficulatiion nodes r;, r; € Niare /nadepenadernt;
if they are not contained in a common cycle:

= Tndependent reficulations also called ga//s and a
network only containing galls is also called a ga//ed
free [Gusfield et a/. 2008]



SPR's and Reticulations

Observation (maddison 19971: Lt N contains only one
reticulation r, then it corresponds fio a
“sub-tfree prune and regraft” operation:

Refticulate Y

network N: r

| |

SPR



SPR-Based Algorithm

= Given two bifurcating trees, compute
their SPR distiance:
= Tf = 0, return the ftree
= Tf = 1, retiurn the reticulate network
= Else return fail

= Generalized fio netiworks with multiple

independent retficulations: iNakhieh er a/20043
= Maximum agreement forest approach (Semple e a/2005)
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Splits-Based Appr'oach

A new. splitis-based approach [Huson, Kloepper, Lockhart and Steel 2005]

b1

Fot
root root root

gene treel gene free2z  splits network  reticulate

of all splits network
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Multiple Independent Re'rlculahons

: : . Reticulate network
wo reticulations — all splits that induces all
Y No anT Tr'ees

.
) M (> £l A
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: Reticulate network
Input trees all splits that induces all

inntit freec
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Decomposition Theorem

4. 11

= Each incompatibility compoenent can be
considered independentily:
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Decomposition Theorem

4. 11

= Consider a component:
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Algorithm

4. 11

= Fihd decomposition R U B as a set of
reticulate taxa and backbone taxa




' ‘91 e

VDoaoanm-

Algorithm

4. 11

= Necessary condition: splitis restricted
to B must correspond to a firee
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Algorithm

4. 11

= Consider all choices for R of size 1
[Gusfield et a/., 2003, 2004 ];

R={+-1 ..hot a tree, R not good
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Algorithm

4. 11

= Consider all choices for R of size 1
[Gusfield et a/., 2003, 2004 ];

R={ic} ..hot a tree, R not good
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Algorithm

4. 11

= Consider all choices for R of size 1
[Gusfield et a/., 2003, 2004 ];

R=ft} .notatree, R notgood
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Algorithm

4. 11

= Consider all choices for R of size 2:
[H., Kloepper, Lockhart and Steel, 2005]

R={+, +-1 ..hot a ftree, R not good
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Algorithm

4. 11

= Consider all choices for R of size 2:
[H., Kloepper, Lockhart and Steel, 2005]

R={b c} ©)...Is a tree, R is a candidate
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Check Candidate

= For R={b,c}, check that reticulation
cyclesioverlap correctly along a patih:
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Network Construction

4. 11

= Modify: splitis hetwork fo represent:
reticulations:




Splits-Based _Al;r' N

= Tnput:
= Set of firees 9, noi: necessarily
bifurcating, can be pariial trees
= Parameter k
= Output:
= All retiiculate networks Nifor which every
incompatibility component cani be

explained by at most k overlapping
reficulations

= Complexitiy: polynomial for fixed k



Application to Real Data

INew! Zealand Ranuncu/us;(buttercup) species

r
& ITA.nex - SplitsTreed-BETA (built 20040ct07)
File Edit View Options Method Window

"qTr
[E)E)X] & Jsa.nex[2] - SplitsTree4-BETA (built 20040ct07)
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File Edit View Options Method Window
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Application to Real Data

New! Zealand Ranuncu/us;(buttercup) species

r — i — -
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Splits network for both genes Reticulate network



5. Recombination networks
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Recombination

4. 11

= Recombination is studied in population
genetics [24, 20,16, 46, 47, 48] and there
ancestor recompination grapris (ARGs) are
used for statistical purposes.
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Chromosomal Recombma'non

4. 11

= We will study The combinatoriall aspects|of
chromosomal (meiotic) recombination and will
consider recombinaiion neifworks rather
than ARGs.

= Simplifying assumptions:
= all sequences have a common
ancestor, and

= dny posifion can mutate
dal most once.
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Recombination Network

Tree-based approach [Gusfield et a/ 2003]
fior computing galled tirees:

= For each component:

= Determine whether removing one faxon
produces a perfect phylogeny

= If so, arrange taxa in gall
= Return description of network



Recombination

< L%

etwork

Splits-based approdachi iHuson & Kioepper 20051

fior compuiing over

= Determine a reticu
described above.

apping hetworks:
ate network as

= Compute the labeling off hodes and

edges.



£

work

Recombination Net

= [Lungso, Sun and Hein, o appear in WABT 2005]:
Branch and bound approach to
computing unrestricted recombination
network



Example 1, Data

Input: Presence (0) or absence (1) of a given
restiriction sitie in a 3.2kb region of variable
chloroplasi DNA in Pistacia [parfitt & Badenes 19971;
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.chinensis
.integerrima

. terebinthus
.atlantica
.mexicana

. texana
.khinjuk

.vera

v v v v U v v v v o

Schinus molle

01110010100000000111000000010000
11001110100000010111000000010000
01011000100000000111001100010000
01011010100000000111001100010000
00011010000000001111101100010000
01011011000000000111001100010000
01011110100000010111010000010000
01011110100000010111010000010000
01011010000000000111001100010000
01011010000000000111001100010000
01011010011111100000000011101111
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Example 1, Recombination Ne1'wor'k "

4. 11

= | oad this data in to SplitsTree4 and select
RecombinationNetwork fior obtain:

r .
parfitt_1997.nex - SplitsTree4-BETA (built 2005Mar09, beta17) =13
File Edit View Options Method Window

("Graph | Data | Input
* Schinus molie
_ . P. weinmannifolia
P.Ient:scusj
3, 5 P. mexicana

10-15,18-20,25-32 9 ﬁ 16 7 P.texana

__‘\‘? P. chinensis

T P.integerlima
P. khinjuk
P. vera

P. atiantica

217,21

P. tereﬁinthus
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Example 1, Slﬁgle Crossover

= Combinatorically, this can be explained using
only one single-crossover recombination:

F |
parfitt_1997_cpy.nex* [2] - SplitsTree4-BETA (built 2005Mar09, beta17) =13
File Edit Yiew Options Method Window

(Graph | Data | Input

p:0101310310100000000111000000010000
r:01013101010000000013131001100010000
gq:01013103100000000001311001100010000

— P.chinensis

T Plintegerrima

LdAwniover: reoramhinatinan af ~hlaranlact ie tinliles vy
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Example 2, Data

= Thput: Restriction maps of the rDNA cistron (length ~ 10kb)
of twelve speciesi of mosquitioes using eight 6bp recognition
restriction enzymes [Kumar et a/, 1998]:

Aedes albopictus 11110101010100010101010010
Aedes aegypti 11110101000100010101000010
Aedes seatoi 11110101010100010101010000
Aedes avopictus 11110101010100010101010010
Aedes alcasidi 11110101010100010101010000

Aedes katherinensis 11110101010100010101010000
Aedes polynesiensis 11110101000100010101010010

Aedes triseriatus 10110101000110010101000000
Aedes atropalpus 10110101000100010111000010
Aedes epactius 10110101000100010111000010

Haemagogus equinus 10110101000110010101010000
Armigeres subalbatus 10110101000100010101000000

Culex pipiens 11110111000100011101001011
Tripteroides bambusa 11110111000100010101000010
Sabethes cyaneus 11110101001100010101010000

Anopheles albimanus 11011101100101110101110100
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Example 2, Median Network

= This data set wasi analyzed using different tree-
reconstiruction methods with inconclusive results. The
associated splits network (or median neitwork [Bandelt et a/, 1995]
in this context), with edges labeled by the corresponding
mutiations:

Aedes_kat heri nensi s
Aedes_seat oi
.. Aedes_al casi di

. Aedes_fl avopi ctus
Aedes_al bopi ct us

° Aedes_pol ynesi ensi s

3,5,9,14-15, 21, 24 ! ° Tripteroi des_banbusa

17, 23, 26

. Aedes_aegypt| .
Sabet hes_cyaneu Cul ex_pi pi ens

- Aedes_epacti us
g Aedes_at r opal pus
Haemagogus_equi nus . Arm ger es_subal bat us

Aedes triseriatus
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Example 2, Subse’r

Recombination scenariosi based on the compleie datia set look
unconvincing. However, trial-and-error removal of' two taxa
Aedes triseriatus.and Armigeres. subalbatus gives rise to a
simpler splitis network:

- Anophel es al bi manus

Sabet hes cyaneus

3,5,9, 14- 15, 21, 24 . Haemagogus equi nus

1 Aedes epacti us

Aedes at ropal pus
° Aedes aegypti

17, 23, 26

Tri pteroi des banbusa

Aedes kat heri nensi 4\ . '
Aedes seatoi * Aedes al bopi ctus

Aedes al casidi Aedes fl avopictus
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Example 2, Recombination Nefwork‘

= A possible recombination scenario is given by:

. Anophel es_al bi manus

Haemagogus _equi nus
Sabet hes_cyaneus 909 4 . Aedes_epacti us

3,5,9, 14- 15, 21, ’ ) Aedes_at r opal pus

Aedes_aegypti
26 Cul ex_pi pi ens

gter0|des banbusa

Aedes polyne5|en

Aedes_kat heri nensi s\\* * Aedes_al bopi ct us

Aedes_seat oi pedes_fl avopi ct us
Aedes_al casi di

= Here, Haemagogus: equinus.appears! to arise by a single-
crossover recombination, and a second such recombination
leadsi Yo A.albopicius.andl A.avopicius.



Example 3, Data e

= 19 restriction endonucleases were used
to analyze patterns of cleavage site
variation in the mtDNA of Zonotrichia.

= 7 taxa, 122 characters
= [Zink et al, 1991]

notrichia querula’ 111000111111100011110011111111100001111000111010101100011111001111111100010011111001111110111100110111]
_atricapilla' 1110007111110000110000117111110000011111001110001011100111110011111111000100111111011111101117101101104
_leucophzrys' 1110001111110000110000111111110000011111001111001011100111110011111117000100111111011111101111101701101
_albicollis" 11100071111100001100001011111101000011101011100010111101111110711111111001001111100111110011110011011043
_capensis--Bolivia' 0111001110010000100000111111100011011000001110101011110111110011011110010110111110001111100111011011104

_capensis--Costa Rica' 111001111001011010000011111110001101100000111000101111071111001101111001011111111000110110011101101110x

_hyemalis'

11101011100100011000110071111000001111000111101111117001110010101010111001100111100000110010111001101105

= However: recombination of mtDNA
unlikely
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Example 3, Median Network

4. 11

= The unrootied splits network for a dataset
of restriction sites in the mtDNA of
Zonoirichia:

F =N
Zink1991.nex - SplitsTree4-BETA (built 2005May27, beta25) M=E3

File Edit View Data Distances Trees HNetworks Analsis Draw  Window

(Metwork | Data | Source
. hy:emah‘s

Z. capensis- Bohwa
Z. capensis-Costa_Rica . _ /

- Zonofrichia querula

Z. albicollis ~ |

© 2. leucophrys
Z. africapilia
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Example 3, Significant Differences

4. 11

The rooted splits network for the same datia

set, but suppressing all splitsi that are only

supported by one site in the data:
e

‘Network | Data | Source

.. J. hyemalis

. 2. albicollis

%—— 2 et
Z. leucophrys

" Zonofrichia quertiia

. Z. capensis-Bolivia

Z. capensf&-Cosra_Rfca
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Recombination Network

4. 11

= Possible recombination scenario involving two
non-independent reticulations:

r -
Zink_net.nex [3] - SplitsTree4-BETA (built 2005May27, beta25) =13
File Edit VYiew Data Distances Trees HNetworks Anahlsis Dra ﬁ’ Window

Network | Data | Source

_.. J. hyemalis

.. Z. albicollis

- Z. atricapilla
" Z. leucophrys

T Zonotrichia querula

T~ Z. capensis-Bolivia

Z. capensis-Costa Rica
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Summary.

= Tncompatible signals in'gene frees can be
usefully displayed using splits networks

= A reficulate network
may. be extracted by
combinatorial analysis
of individual compoenentis

= Tmplementationsi of many: tree and network
methods are available in SplitsTree4
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3rd RECOMB
Comparative Genomics __
Satellite Workshop /4

Trinity College Dublin

Bringing together researchers from molecular biology, computer science
and mathematics to discuss the latest developments in comparative
genomics. This is the third workshop in this highly successful series.

Scientific organising committee

Aoife McLysaght, Trinity College Dublin

Daniel Huson, Tubingen University, Germany

Jens Lagergren, Stockholm Bioinformatics Centre and KTH
David Sankoff, University of Ottawa

http://www.gen.tcd.ie/recomb_cg



