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What Is |Splits?
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SplitsT ree Reloaded

Otherwise known as SplitsTree4.

Software for analysing evolutionary data using phylogenetic methods including:
1) Split decomposition
i) Parsimony splits
iii) Neighbor-net (Bryant and Moulton 2002)
Iv) Neighbor-joining and Bio-Nj
v) Buneman Tree
Data types supported:
1) (un)aligned sequences
ii) distances
i) splits
Iv) trees
V) networks

vi) quartets
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SplitsT ree Reloaded

New methods are easily added to the program by providing plug-ins, and a number are in

preparation, e.g. a faster version of the re ned Buneman tree,

SplitsTree now supports the nexus trees blocks and currently provides the new

Consensus network construction (Holland and Moulton 2003),

SplitsTree supports analysis plugins, for example one providing quartet mapping and

highway plots.
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Input File: us.nex

#nexus

BEGIN taxa;
DIMENSIONS ntax=6;
TAXLABELS

1] Bernd

Seth

lan

Me

Rudy

Josephine

o 0 WN P

END [taxa];
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Input File: us.nex

BEGIN distances:
DIMENSIONS ntax=6;

FORMAT
triangle=LOWER
diagonal
labels
missing="
MATRIX
1] Bernd 0
2] Seth 6 0
3] lan 7 7 0
4] Me 8 8 9 0
5] Rudy 6 10 11 12 O
6] Josephine /7 11 12 13 7 O
END;
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Output of us.nex

1.0 Bernd

2.0

1.0
udy

Josephine

Me

Figure 1: Our true relationship
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Input File: algae.nex

#NEXUS [Comments come In square brackets]

[! A comment starting

BEGIN taxa;
DIMENSIONS ntax=8;

TAXLABELS
Tobacco
Rice
Marchantia
Chlamy
Chlorella
Euglena
An_nidul
Olithodiscus

END;

with  "I"' is printed

when read]
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Input File: algae:n

BEGIN characters;

DIMENSIONS nchar=920;
FORMATdatatype=RNA gap=- labels interleave;

MATRIX
Tobacco
Rice
Marchantia
Chlamy
Chlorella
Euglena
An_nidul
Olithodiscus

END;

AAGAACCUGCCCUUGGGAGCUGGRHFAGCUARNACCC
AAGAACCUGCCCUUGGGAACUGERANGCUARACCC
AAGAACCUGCCCUUGGGAGCUGGANGCUANACCC
AAGAACCUACCUAUCGGAUUGGAEMAULGCUANACCC
AAGAACCUACCUUUAGGAACUGGABAGCUANACCC
AAGAAUCUGCGCUUGGGAGAUGGAAAGCUANGCOC
GAGAAUCUGCCUACAGGAGUUGEAGCUANACCG
GAGAAUCUGCCUUUAGGAUUUGGEGRAGCUANACMIU
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Input File: algae.ne

BEGIN distances:

FORMATtriangle=LOWER

MATRIX
Tobacco
Rice
Marchantia
Chlamy
Chlorella
Euglena
An_nidul

Olithodiscus

END;

0

0.02815
0.03241
0.12904
0.08754
0.15235
0.14353
0.17907
0.16007
0.15286

diagonal

0

0.04554
0.13856
0.09909
0.16207
0.15509
0

0.16695
0.15208

labels:

0

0.11065
0.06990
0.13663
0.14003

0.15076
0

0

0.11317
0.16205
0.16569

0.18069

0
0.12710 O
0.13724

0.12851
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Output for algae.nex

algae.nex
Euglena
o
Olithodiscus
Chlorella
Anacystis_nidulans
°
Marchantia
Tobacco

Rice Chlamydomonas

—0.01
Fit=87.3 ntax=8 nchar=920 gaps=20 const=650 nonparsi=783 -dsplits -log det

Figure 2: ntax=8
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stage in presentation

Algorithms.
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The Math

Split Decomposition

Given a nite set X and a (pseudo-)metric d.
A split, S, of a set X is a bipartition of X into two non-empty sets, A, B.

Then the split (pseudo) metric, g, associated to this split S is de ned by
8
<0 iftX;y2 Aorx;y 2 B;

s(x;y) = . .
-1 otherwise :

And the isolation index w.r.t. the pseudo-metric d is de ned by

1 :
d:=2  min_ fmaxfab+ a%’a%+ ad’aa’+ blfy aa’
Nm“momkcncomm

Furthermore, S is a d-split if m > 0.

big:
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The Math

Let S be the set of all d-splits of X .
Then the main theorem of [BD92a] gives us the split-prime residue of d

X
Qo = d m S

S2S

is a split-prime pseudo-metric, a pseudo-metric with isolation index mo =

X.

It was also shown in [BD92a] that if d satis es the four-point condition, then

X d

S2S

The splittability index 0 1

whered®:= d dp.

O for all splits S of
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Algorithms

Step 1. Find all d-splits for our (pseudo-)metric d by nding the d-splits on subsetf1;:::;igQ

or A; B [ figisa d-split, bounded by m [BD92al].

Step 2. Produce a graph from the N d-splits on our metric d that is a subgraph of the

N -dimensional hypercube .
Step 3. Make the length of the edges proportional to the weight.

Step 4. Done if graph is planar. Otherwise, remove "redundent” edges to make the graph

planar.

Note: resulting planar representation is not unique.
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Algorithms

Given X = fa;b;c;d;e;f;gg, metric d with d-splits:
S1 = fa;b;t;gg;fcid;eg S; = fa;f;gg;fb;c;d;eg Sz = fa;b;c;dg;fe;f;gg,
S, = fa;b;c;gg;fd;e;fg.

abcdefg @)

(b)

(c)

(d)

(e)

Figure 3: subgraph of N -hypercube
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Algorithms

Figure 4. Before and after removing "redundent” edges
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Stage in presentation

Demo
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Output for 1-10.neX

+,0.01 Fugu

Zebrafish

Rat

Mouse

KPlatypus

Human

£ow Lat

ig Dog

Figure 5: ntax=10
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