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splits networks

@ are unrooted phylogenetic networks

@ contain as least as much information as a phylogenetic tree

@ usually contain more information than a tree

@ visualize information that is conflicting in tree
representation

@ monophyletic groups of sequences are more easily
identified
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What is a split?

A split S = A|B is a bipartition of the sequences X into two
non-empty, mutually exclusive subsets A and B. A and B are
called split parts.

S=x]|(X\x) S=A|B S=A|B

X X
X|x X A }

A trivial split S = x|(X \ x) seperates one sequence x from the
other sequences X \ X.
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Relation Between Splits and Trees

Given a set of splits S on X, can it be represented by a
tree?

Compartibility: two splits S; = A;|B; and S, = A,|B; are
compartible if one of the four possible intersections of the split
parts is empty (or splits don’t “cross” each other).

general case compartible case

per def. S=A|B S=A|B per def.
A~ By =( AR AR Aeig

X X L —
A, By ={} \ B A, By ={}
A A
AL A, 172 | P12 A |A] By AL A,

_ A, |B) B -
BinA:  S=AIB,\ aB, |B,B, 2 [Py B2 B, ~ A, ={}
A1~ B, | A~ B,

B~ B, B;~ B,
S2:%“32

A set of splits is comartible if all pairs of splits are compatrtible.
A compartible set of splits can be represented as-a tree.
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The Information to be represented

CRCACACCCACG
GC CACCACG
C CCACACG
GAGEAGCCCAACG

0O w >

split (AB)(CD)
split (AC)(BD)
split (AD)(BC)

conserved
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Circular splits

A set of splits S on X is called circular, if there exists a linear

ordering (X1, Xz, ..., Xn) Of the elements of X such that each split
S; has the form

Xp, X ey X
Si _ Py Ap+1s -5 Aq (1)
X — Xp, Xp+1,--» Xq

forl<p<=gq<=n.
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non-trivial splits

e
f d
S1=1{a,b,cllid e f}
Sy=1a,e, fllib,c,d}
Sy=1la fll(h.c.d.e}
Sy=ta.b, flifc.d e} a ¢
b
(a) Split network N (b) Non-trivial splits (c) Split ;= 1421

Figure 5.6  (a) A split network N representing all trivial splits on X = {a, ... f} and the four non-trivial
splits listed in (b). All the edges representing a particular non-trivial split are labeled by that
split. However, the labeling of edges by splits is usually omitted, as shown in (c). Edges
representing the same split, such as the three edges shown in bold lines representing $,,
are drawn parallel and with the same length.

Is the splits system a circular splits system? Why?
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Circular Splits Systems Can be Represen

Planar Network

{a,b,d,eh|ic f.g)
{a,c.d,e.g hl| b, f}
{a,c,e,g}|ib,d, f,h)
{a,c,gl| b, d,e, f, h
{a,c,e,f,8}|{b,d, h}
{a,e,h}| {b,c.d, f,g}

(a) Circular splits (b) Circular ordering (c) Planar network
(a) A set of six circular splits S on X = {a. b, .. , h}. (b) An arrangement of the taxa around a
circle such that every split S = A| B € S can be realized by a straight line through the circle
that separates the two split parts A and B. A circular ordering is given by (a, g, ¢, f, b, d, h, e).
(c) An outer-labeled planar split network representing S.

Figure 5.9

b a
{a,b}| {c,d,e f.g h}
{a,b,c,d,e f}|{g, h} ¢ a
fa.b,c.f.g hi|{d,e} ¢
la,e,f k| tb,e.d,g) h\
P} e
(a) Non-circular splits (b) Non-planar network
Figure 5.10 (a) A set of four non-circular splits S on X = (a, b, ..., h). (b) A non-planar split network

representing S.
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Weak compatrtibility

Three distinct splits are weakly compartible if

@ at least one of the following intersections is empty:
o A1NANA3 (1)
@ AiNB,NB;3 (2)
@ BiNANB;3 (3)
o BiNByNA; (4)

@ and symmetrically, at least one of the following
intersections is empty:
o BiNB,NB;3 (A)
o BiNANA; (B)
o A;NBy;NA;3 (C)
o A1NA,NB;3 (D)

A set of splits is weakly compartible if all triples are weakly
compartible.

Sonja Prohaska Phylogenetic Networks



Weak compatrtibility

Bin Ao Az ={}

AK;B\\ A o A =D /} .
B2&y | h / %271 HE omp

C2 : : \ b |3 incomp.
e EE

Bi~NB,~B; ={}
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A Phylogenetic Network

NOVGS
SHG7Y Ssvee
FQYNg
960WV ¥ bES UYJR
VCF3C sxFvd 6PTZQ
UDHAC VASFD
3D6CH 68CPM
EWCV8 DXATE 87BAZ uxesu
MVRMS. Y4ACY . 4USUA 4AGEN 4Fso8 VZPTP
E3C! DUYF7 i/ EAZAV - yycis
MaMIU
QG3AJ
WaNF2
ca PGCE4
E78NV B38TQ GJMB] —C27F2
UXE4 KKDC9
HSBHH
QEDWY
swez7
WVSF8
FsCUZ
F6FNN SPESW
CHTIS
JCEA9
KXNT5
oW7Js ~JF536 CRNAZ
JBFXT
74887 7a3Y Fapiaz, Fe0130
Kksz NUKYN Fa0133
VJBX3 Fo0126 F90134 Fap131
NOTPH F39685 F90124
F30128
spKe F3012¢
F30127
F67866

68DJZ
U4EES
ERSYT
XWHRK _ REPNW c2MuB
9AFRS- RposR

Are the two group of sequences marked in red and blue

supported by a split?
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