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Complex Evolutionary Relationships

“Evolutionary relationships between taxa are most often
represented as phylogenetic trees and many different
algorithms for the tree construction have been
developed.

This is of course justified by the assumption that

evolution is a branching or tree-like process. However, a
set of real data often contains a number of different and

sometimes conflicting signals and thus does not always

clearly support a unique tree.”

Huson 1998
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Gene 1 Species A: ATGCGTGACT...TGA
Gene 1 Species B: ATGCGTGCCT...TGA
Gene 1 Species C: ATGCGTGCCT...TGA
Gene 1 Species D: ATGCGTGACT...TGA
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Split 1: {ABC | DEF} & 8
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Split 1: {ABC | DEF} & 8
Split 2: {FAB | EDC}



phylogenies
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Split 1: {ABC | DEF} ¢ o
Split 2: {FAB | EDC}
Split 3: {EFA | DCB}
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Splits decomposition

oSplits decomposition method, in contrast to MP and ML
(parameter optimization), is a transformation based approach.

eEvolutionary data are transformed into a sum of weakly
compatible splits and then represented by a split graph.

eFor ideal data, this is a tree

eFor less ideal data this gives a tree-like network as evidence for
different and conflicting phylogenies.

eSplit decomposition (Bandelt 1992) does not attempt to force
data onto a tree.




A Splitis ...

A “split” is a partition of the taxa into two nonempty subsets, such as the
partition obtained when we remove a branch from a phylogenetic tree.

For example, removing the branch indicated by the arrow, splits the taxa
into two groups {B, C, D, E} and {o, A, F, G, H, I, ], K}.
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Split Network

Formally, for a given taxon set X and set of splits S; we
define a split network N to be a connected graph in
which some of the nodes are labelled by taxa and all
edges are labelled by splits, such that

(N1) Removing all edges associated with a given split S
in S divides N into two connected components, one part
containing all taxa on one side of S and the other part
containing all taxa on the other side.

(N2) The edges along any shortest path in N are all
associated with different splits.
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Split System

eCompatible System of Split z:

For any 2 splits S1{A1,Al1} and S2={A2,A2} in S one of the 4
intersections:

A1NA2, A1NA2, A1NA2 or A1NA2

is empty.

(Thus any phylogenetic tree gives rise to a compatible 2 system)

eWeakly Compatible System of Split Z:

For any 3 splits S1, S2 and S3 and all Ai in Si at least one of the 4
intersections:

A1NA2NA3, A1NA2NA3, A1INA2NA3 or A1INA2NA3

is empty.

(any 2 splits are allowed to be incompatible)



ABCDEF

Split 1: {AB | CDEF} Split 1: {ABC | DEF}
Split 2: {ED | ABCF} Split 2: {FAB | EDC}
Split 3: {EFA | DCB)}
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Case Study: Salmonella lineage
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S bongori 12419 E.coli EDL933 E.coli CFT073 S.flexneri 2a 301 E_coli MGI655 Tree Num Diff-ConsMetw
SBEG0IE 20495 cOA05 SF0334 bi3ay7 166
SBEG434 20725 cET SF0447 bOGSE 242
SBEGI4E Zaang 27z SF1455 bivES T
SBEG14E 23245 c2E0Z SF2141 b207E 269
SBEGZIED 24676 c3A73 SFazh2 b3z 1392
SBEG339E 25198 c4E30 SFavhe b3T06 1600
SBG32a3 25047 cdddE SF3E6D b3E20 164
SBG329 24956 c4354 SF3574 b3533 1678
SBEGINE 2477 o193 SF3439 b3415 1732
SBEGIETI il cB003 SF4172 b4033 1212
SBEGIEI3 ZEE62 o503 SF4E1 b4054 1228
SEG000S 20003 0013 SFO010 boaog [
SBEG00a2 20075 c00g2 SFO061 bOOGE 45
SBEGE0033 Z0076 cO053 SFO062 bOasT 46
SEG032 L0452 c0433 SFOzE2 bO3gE 159
SBEG03ET 20501 cO513 SFO340 bo403 LGl
sBEG422 20581 cO554 SFO410 bO4ES 208
SBEG443 Z0E04 cOED4 SFO423 b0454 ez
SBEG043E 20727 cOETS SFO433 bOGSE 243
SBEGIEEZ 21287 ci083 SFO943 bi0a47 442
SBEGINZE Zirzz 1363 SFi038 bing4 432
SBGIGTE ZEA32 ciT45 SF1280 bi27E BE3
SBEGIEN Z2450 ciray SF1331 bi3z5 G4
sBGIE2 22681 o198z SF1E1Z k1591 E23
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SEG2080 23501 cETE4 SF2325 bZ243 943
SBEGE030 23515 cETa3 SF2336 347
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' 1 |S.bongori 12419 E_coli EDL333 E.coli CFT073 S.flezneri 2a 301 E.coli MGIE5S Tree Num Diff-ConsMetw tree
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| 25 |SBGIEE 22681 o352 SFIE12 b1531 B23 4 [[ECO,SF EDOLLSBOSESEMLIMCC SSPLISTY, TY2STRM, [ S0T.SLINLSARILCFT):
| 26 | SEG1298 22610 c2001 SFE32 bE0g B33 4 [ICFTEBO[SARISTY, TY2LISGE SEMLIIMCC, SSP)SLISTMSDTIINECD)EDL SF);
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Differences against

Number of Trees

consensus Tree Staphylococcus Streptococcus Neisseria Salmonella
0 0 10 11 0
2 1 34 49 11
4 7 70 183 43
6 27 76 467 90
8 56 95 434 158
10 74 62 46 207
12 118 51 0 261
14 155 16 0 344
16 161 12 0 335
18 108 2 0 259
20 22 1 0 153
22 4 0 0 76
24 1 0 0 15
500 1 = Salmonella
400 —— Staphylococcus
Streptococcus
g 300 - Neisseria
= 200 -
100 A

Diffs
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