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i Motivation

= gene order data provides a whole
genome view on phylogeny

= performance criteria
= Ability to infer correct tree topologies
= Number of events recovered
= Quality of ancestral reconstructions

= A new criteria
= Accuracy of predicted rearrangement events
= Multiple sorting scenarios for even 2 genomes
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i Basic concepts

= Representation of a chromosome
= Sighed permutation (eg.,12 3 or1-3-2)
= Each integer corresponds to a gene
= The sign corresponds to a gene's strand

= A genome canh be
= Uni-chromosomal
= Multi-chromosomal
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‘_L Rearrangement events

m Reversal: 17 4 —= 1 4
= Translocation:

12 12

| e—

56 56
= Transposition: 12 /1567=—1256""7

= Fission/fusion

1234 12
34
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i Phylogenetic trees

= evolutionary relationship of species

= Unrooted, binary

= Leaves are contemporary genomes
= Internal nodes are ancestors
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i Inferring rearrangement events

= Given a set of genomes 61, G2,.., Gm and
the phylogenetic tree T, infer the
ancestral events on T.

= The genomes have equal gene content and
each gene is unique in each genome

= reversals, transpositions modeled

= NP-hard to a infer most-parsimonious
scenario for even 3 genomes (Caprapa,'99)
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i related works

= GRAPPA (Moret, et al, 2001)
= Only reversals considered

s MGR (Bourque and Pevzner, 2002)
=« Reversal, translocation, fission/fusion allowed

s BADGER (Larget,2005)
= MCMC-based
= Computationally prohibitive
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i Our contribution

= Efficient Method 1o Recover Ancestral
Events (EMRAE)

= Only output highly reliable events

= Better our understanding of the
evolutionary mechanisms

= Model transpositions
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Qur idea

Adjacency: two adjacent genes - A
- eg.123 (1,2)(2,3) R
= A reversal affects 4 adjs
= (1,2) (34) inA Al a2)em
. (1-3) (-2,4)inB do
s Conserved adjs for edge (A,B)
« (1.2) (3.4) in Sa, not in Se B\ (1-9)(24)
= (1-3) (-2,4) in Sg, not in SA N
= All_vs_All condition G4 G5 Gs G7
= 3 adjs to infer transpositions VS il
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‘_LA simple algorithm: All_vs_All

Sa
. (r31 G2 ‘Gs

s Given (1,2) (3,4) for Sa, (1,-3) (-2,4)

for Se

. Al (1,2)(3,4)

= trivial to recover the reversal
« All_vs_all | |

= Step 1. extract conserved adjacencies B| (1,-3)(-2,4)

= Step 2. track back ancestral events

AN

Ga G5 Ge G7

| - - )

Ss
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More complicated scenarios

Sa
= Break point reuse R
= Case 1. (1,-3) missing in G6
. Al (1,2)(3.4)
= Case 2. (1, -3) slides away
= Improvement ﬂ
(1.-3)(-2,4)

= Relax conserved adjacencies B
= "Refinement” to recover %< CZ
sliding adjacencies o o @D

Ss
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o Algorithm (EMRAE)

Step 1. For each e = (A,B), compute
conserved adjacencies for e

Step 2. refine each edge e

Step 3. Look for reversals and
transpositions
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R
i Simulation (random breakage) 1VO\
1. Generate a rooted tree [ G{é N
2. Put an identity permutation on root R

3. Assign each edge a number O< k < 2r

r: evolutionary rate (average nb of events
on an edge)

4. From R along each edge, perform k
random rearrangements

5. Collect the genomes and tree as input
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i Performance Criteria

Nb of predicted true events
Nb of all true events

B sensitivity = x 100

Sensitivity measures the proportion of predicted
real events

B specificity - Nb of predicted true events

Nb of all predicted events

x 100

Specificity measures the quality of predicted
events
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Performance of EMRAE

reversal+transposition
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i EMRAE's performance

= Comparison between EMRAE, MGR,

and GRAPPA

= EMRAE has comparable sensitivity
= EMRAE has much higher specificity
= EMRAE's predictions are highly reliable
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i Simulation (fragile breakage)

= Controversy between random and fragile
breakage models (Pevzner et al, Sankoff et al)

= Divide (gi, gi+1) into fragile and strong
ones. 12 3 678 11.99100

fragile ragile
= Parameters x, y (breakpoint reuse)
= X: proportion of fragile positions
= y: fragile positions has y times of probability to be
broken compared to strong positions
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Performance of EMRAE on
the fragile breakage model

reversal-only(fragile) reversal-only(fragile)
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EMRAE’s specificity remains very high.
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i Real data (I)

» Campanulaceae data set (Cosner et al,2000)
= 13 genomes, 107 genes
= MGR: 62 reversals, 1 transposition.
= EMRAE: 5 reversals, 4 transpositions.
= 3 reversals and 1 transposition shared

=« EMRAE has 2 distinct reversals and 3
transpositions
= EMRAE's predictions are not only a subset of MGR
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EMRAE's predictions

Tobacco

Platycodon

1,1

Codonopsis

L1 Cyananthus

Asyneuma

— 01 Legousia

Triodanus

Merciera
0,1

Wahlenbergia

1,0 —____ Adenophora

Campanula

1,0

Symphyandra

Trachelium

EMRAE inferred 9 events: 5 reversals and 4 transpositions.

The two nbs on an edge is the nb of reversals and
transpositions predicted by EMRAE.



Data set (II)

= 4 bacterial genomes Bm, Bp, Bt, Bc (Lin et al. 2007)
= each has 2 chroms, 2435 genes
= MGR: 237 reversals, 1 transposition
= EMRAE: 16 reversals, 18 transpositions
= 14 reversals and 1 transposition shared

B.Mallei (Bm) ) Bm: ... 369 370 371, 873 -872...........
2,0
10 Bp: .. 369 370 371, 872 873,
B.Psudomallei (Bp) Bt: . 369 370 371, 872 873,
2.1 B.Thailandensis (Bt) Bc: ... 369 371................ -873 -370 -872......
4,11 : . L
B.Cepacia (Bc) A predicted transposition
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Conclusion

+

An efficient method with comparable
sensitivity and high specificity

EMRAE models transpositions which appear to
be common in two real data sets

EMRAE predicted less events than MGR but

Based on the simulations we expect the events
predicted for real data sets to be reliable

True events are not hidden in a complete but
ambiguous scenario
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Discussion

+

= Extension to predict other events
= Translocations, fissions/fusions..

= Application to larger genomes
= In-depth analysis of reliable events

= Insights into features causing
rearrangements
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+

Appendix

= The next pages are for the Q&A.

s Page 27: reversals mimic a
transposition

= Page 28:relaxation the definition of
conserved adjacencies

= Page 29:slideing adjacencies

= Page 30: how to measure MGR and
GRAPPA
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i 3 reversals mimic a transposition

= Transposition
123456 —145H5236
= 3 reversals
. 123456 — 1-5-4-3-26
2. 1-b-4-3-26— 145H5-3-26
3. 145-3-26 — 145236

= There are 6 ways to mimic a transposition
with 3 reversals.
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Quatet condition (relaxation)

Sa
Grl G2 1Gs
Al (1,2)(3,4)
5 (1,-3)(-2,4)
D cOL.-3)..(5.6)
Ga G5
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(1,-3) not in G7

Partion SB into Sl = {G4, G5}, SBr
= {Gse, G7}.

Conseved adjacency a:

There is at least Gi in SBl and at
least Gj in SBr, such that a in Gi
and a in G;j.

e.g. (1, -3) in G4 and Ge

1,-5)..(3,6)
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Sliding adjacency

Sel = {G4, G5}, Ser = {Gs, G7}.

(1,-3) disrupted on edge (B,C)

A (1,2)(3,4) (1,-3) not in Ge and G7

(1,-3) slides to be a conserved adjacency
of edge (B,D)

3| (1,-3) (-2,4X5,6)

/<><
D ¢ (1,-5)..(3,6)

Ga Gs Ges G7

—_—

(1,-5)..(3,6)

2007-10-5 29



i MGR and GRAPPA for transpositions

= MGR and GRAPPA aim to infer ancestral
permutations

s Using GRIMM (Tesler 2003) infer events
for each edge

= A fransposition mimicked by 3 reversals
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