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INPUT DATA
e

Partition 1 Partition 2 Partition 3 Partition 4

C-GTAAGCTGTAC ‘ ATCCACA-GAGTA GAG-ATACTGAT- TCGA--GACATCA
GAG-ATACTGTCA ATTGAC-TGAGTA CAGTAAG-TGTAC TCAATTG-CATGA
CTGTA--CTGCTC CGT-CATGA-TAG CA-TAAGCTGT-C ACACGTGAC--GA
CAZAAGCTG=CA=| CATGAC-TGAGTA CTGTA--CTGTCA CG-ATTGACATGA
GTGTCA--TGTAC ATG-ACAGGA-TG CAGCA-GCTG-CA TGCGTTG--TGGA
CAGCA-GCTG-TA TATG-CATGATCA CA--AAGCTGTGC TCAATCGACA-TA

TmooOw>

= SUPERMATRIX
e Multiple sequence alignment consists of several blocks ( genes / loci )
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A: | C-GTAAGCTGTAC ATCCACA-GAGTA GAG-ATACTGAT- —————————————
B: I -------——————- CAGTAAG=TGTAC ——-—————————-
C: ICTETA--CTGCTC -——-—————— == ———m—m o ACACGTGAC--GA
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INPUT DATA

Partition 1 Partition 2 Partition 3 Partition 4 A B C D E F
A: | C-GTAAGCTGTAC ATCCACA-GAGTA GAG-ATACTGAT- —————————————
B: I -------——————- CAGTAAG=TGTAC ——-—————————-
C: ICTETA--CTGCTC -——-—————— == ———m—m o ACACGTGAC--GA
D: ——eemeo——— CATGAC-TGAGTA CTGTA--CTGTCA CG-ATTGACATGA  Species tree
E: e - - ----—-—————-—- TGCGTTG--TGGA
F: CAGCA-GCTG-TA TATG-CATGATCA CA--AAGCTGTGC TCAATCGACA-TA

= SUPERMATRIX
e Multiple sequence alignment consists of several blocks ( genes / loci )

= MISSING SEQUENCES (not sequenced / low quality / gene is absent in some species)
e Sequence of gaps
¢ Missing data




SPECIES TREE AND INDUCED PARTITION TREES

Partition 1
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GAG-ATACTGTCA
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CAGCA-GCTG-TA
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B CDE F

Species tree T,
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Partition 1

C-GTAAGCTGTAC
GAG-ATACTGTCA
CTGTA--CTGCTC
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Species tree T,
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Induced Partition Tree

T,Y, TI‘YI

Y ={A,B,C F}




SPECIES TREE AND INDUCED PARTITION TREES

Partition 1 Partition 2

TmooOw>

C-GTAAGCTGTAC ATCCACA-GAGTA
GAG-ATACTGTCA —-——————————
CTGTA--CTGCTC —-—————————
------------- CATGAC-TGAGTA
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Species tree T,

Induced Partition Trees
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Induced Partition Trees
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THE CONCEPT OF PHYLOGENETIC TERRACES

Partition 1 Partition 2 Partition 3 Partition 4 A B C D E F
A: C-GTAAGCTGTAC \ ATCCACA-GAGTA GAG-ATACTGAT- —————————————
B: GAG-ATACTGTCA ————————————— CAGTAAG-TGTAC —————————————
C: ICTETA--CTGCTC -——-—————— == ———m—m o ACACGTGAC--GA
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E: e - ATG-ACAGGA-TG ————————————— TGCGTTG--TGGA
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Species tree T,
A BC F A DEF A B D F C DEF
<€
Induced Partition Trees
<
T1|Y1 T1|Y2 T1|Y3 T1‘Y4

A B C D E F
L(T,) = L(T,)

It is said that T, and T, belong to one

Phylogenetic Terrace!(").
Species tree T,

() M.J. Sanderson et al. Terraces in Phylogenetic Tree Space. Science. 2011: 333 (6041), 448-450.




DETECTING TERRACES DURING TREE SEARCH

A B C D E F

Induced Partition Trees

A B D F

X/ N XN

Species tree T
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A B C D E F
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Species tree Typw
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+ Topological Rearrangements

NNI SPR TBR
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Induced Partition Trees

A B D F

| WWWW

Species tree T

Species tree Typw




DETECTING TERRACES DURING TREE SEARCH

Induced Partition Trees

A B D F

| WWWW

g * Does &2 change T|Y;? No

Species tree T

Species tree Typw




DETECTING TERRACES DURING TREE SEARCH

Induced Partition Trees

A B D F

NN

< « Does _$L_ change T|Y,? No

Species tree T

Species tree Typw
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DETECTING TERRACES DURING TREE SEARCH

Induced Partition Trees

A B D F

NN

< * Does &2 change T|Y;? No
: L(D) = 0%

save time

S

Species tree T

Species tree Typw
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NNI ON SPECIES TREE AND ITS EFFECT ON PARTITION TREE

® NEAREST NEIGHBOR INTERCHANGED (NNI)

Partition Y

ACACGTGAC--GA

CG-ATTGACATGA x _________
TGCGTTG--TGGA '

TCAATCGACA-TA

Species Tree
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should correspond to
an NNI on Induced
Partition Tree.

7/14



NNI ON SPECIES TREE AND ITS EFFECT ON PARTITION TREE

e NEAREST NEIGHBOR INTERCHANGED (NNI)

T|Y

Species Tree Induced Partition Tree for Partition Y

INTUITION

NNI on Species Tree
should correspond to
an NNI on Induced

Partition Tree.




NNI ON SPECIES TREE AND ITS EFFECT ON PARTITION TREE

e NEAREST NEIGHBOR INTERCHANGED (NNI)

Species Tree Induced Partition Tree for Partition Y

INTUITION

NNI on Species Tree
should correspond to
an NNI on Induced
Partition Tree.

7/14



NNI ON SPECIES TREE AND ITS EFFECT ON PARTITION TREE

® NEAREST NEIGHBOR INTERCHANGED (NNI)

Species Tree Induced Partition Tree for Partition Y
INTUITION PROPOSITION 1: (2)
NNI on Species Tree For a given partition Y
should correspond to all ANy, BNY, CNY,
an NNI on Induced DNY must be non-
Partition Tree. empty.

(0. Chernomor et al. 2015. Consequences of Common Topological Rearrangements
for Partition Trees in Phylogenomic Inference. J Comput Biol 22(12):1129-42.
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RECAP: PHYLOGENETIC TERRACES

A B C D E F

A FoA DEF
Species tree T, EZZZZZZZZZZZZZZZZ;W W W W

2 68066 L(T) =L, +L,+L,+L,

L(T,) =L(T
L(Ty) =L, +L,+L,+L, (1) = L)

T, and T, belong to one Phylogenetic Terrace (1),

Species tree T,

() M.J. Sanderson et al. Terraces in Phylogenetic Tree Space. Science. 2011: 333 (6041), 448-450.




THE CONCEPT OF PARTIAL TERRACES

§ L(T) =L, +L,+L,+L,
| x L(T)) # L(T;)
L(T;) =L, +L,+L;+L,

Species tree T,




THE CONCEPT OF PARTIAL TERRACES

Species tree T, [T > \{/ W W W

B C D E F

L(T,) =L, +L,+L,+L,
x L(T,) # L(T;)
L(T;) =L, +L,+L,+L,
T, and T, belong to one Partial Terrace @),

Species tree T,

(2)0. Chernomor et al. 2015. Consequences of Common Topological Rearrangements for Partition Trees in Phylogenomic Inference.
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TERRACE-AWARE MAXIMUM LIKELIHOOD INFERENCE
e

e APPLICATION

=» Maximum Likelihood Inference
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e APPLICATION

=» Maximum Likelihood Inference

|Q-TREE

DOWMOAD ~ NEWS WESSERVICE  DOCUMENTATION  BLOG  ABOUT

IQ-TREE

Efficient phylogenomic software by maximum likelihood

Latest version 1.4.2 released on April 15, 2016

Download  Documentation

IQ-TREE key features
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Efficient phylogenomic software by maximum likelihood
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Terraces
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TERRACE-AWARE MAXIMUM LIKELIHOOD INFERENCE

e APPLICATION

=» Maximum Likelihood Inference

|Q-TREE

DOWMOAD ~ NEWS WESSERVICE  DOCUMENTATION  BLOG  ABOUT

=
rRee JI.T'e Exelixis Lab
= 0%, oo g
Effici lphylog nomic software by maximum likelihood EW”H mﬂ"’"’tfs&",ﬂ'%ﬁ TR ok s £
Latest version 1.4.2 released on April 15, 2016 I
Download ~ Documentation RAXML - i Axelerated i
New RAxML citation
““““““““ ‘When using RAXML please cite wing paper: Slamalakl “RAXML Version 8: A tool for
Documentation W‘é NuwsswPosWys f Large Phylogenies". In Bioinformatics, 2014, open
IQ-TREE key features Google group -
. Latest code downloat
> & S
ient Sea lItrafast Bootstrap Ultrafast Model Selection Documentation
 ow RAKML vesion 8.0 manua
= e b * convofthe 704 maruat

IQ-TREE IQ-TREE,,

Terraces
Partial Terraces
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PARTITION MODELS IN MAXIMUM LIKELIHOOD (ML)

Partition 1 Partition 2 Partition 3 Partition 4 Substitution Model
A: | C-GTAAGCTGTAC ATCCACA-GAGTA GAG-ATACTGAT- ————————————— A — T
B: [GAG=ATACTGTCAl -----------—- CAGTAAG-TGTAC ————————————
C: ICTETA--CTGCTC -——-—————— == ———m—m o ACACGTGAC--GA
D —mmmmmeeme e CATGAC-TGAGTA CTGTA--CTGTCA CG-ATTGACATGA
e ATG=ACAGGA=TGl ---—------——- TGCGTTG--TGGA
F: [CAGCA-GCTG-TA TATG-CATGATCA CA--AAGCTGTGC TCAATCGACA-TA G —
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PARTITION MODELS IN MAXIMUM LIKELIHOOD (ML)

Partition 1 Partition 2 Partition 3 Partition 4 Substitution Model
A: C—GTAAGCTGTAC\ATCCACA—GAGTA GAG-ATACTGAT- ————— o ——— A —— T
B: GAG-ATACTGTCA —-———————————— CAGTAAG-TGTAC —————————————
C: ICTETA--CTGCTC -——-—————— == ———m—m o ACACGTGAC--GA
D: —— - CATGAC-TGAGTA CTGTA--CTGTCA CG-ATTGACATGA
E: e~ ATG-ACAGGA-TG ————————————— TGCGTTG--TGGA
F: CAGCA-GCTG-TA TATG-CATGATCA CA--AAGCTGTGC TCAATCGACA-TA G — C
M, M, M, M,

= PARTITION MODELS (3)

®)Yang Z. 1996. Maximum-Likelihood Models for Combined Analyses of Multiple Sequence Data. J Mol Evol 42(5):587-96.

11/14



PARTITION MODELS IN MAXIMUM LIKELIHOOD (ML)

Partition 1 Partition 2 Partition 3 Partition 4 Substitution Model
A: C—GTAAGCTGTAC\ATCCACA—GAGTA GAG-ATACTGAT- ————— o ——— A —— T
B: GAG-ATACTGTCA —-———————————— CAGTAAG-TGTAC —————————————
C: ICTETA--CTGCTC -——-—————— == ———m—m o ACACGTGAC--GA
D: —— - CATGAC-TGAGTA CTGTA--CTGTCA CG-ATTGACATGA
E: e~ ATG-ACAGGA-TG ————————————— TGCGTTG--TGGA
F: CAGCA-GCTG-TA TATG-CATGATCA CA--AAGCTGTGC TCAATCGACA-TA G — C
M, M, M, M,

= PARTITION MODELS (3)

e Edge-Unlinked —

Induced Partition Trees Species Tree

®)Yang Z. 1996. Maximum-Likelihood Models for Combined Analyses of Multiple Sequence Data. J Mol Evol 42(5):587-96.
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Each alignment
10 runs 10 runs
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Speedup
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ACCOUNTING FOR PARTIAL TERRACES IN PRACTICE
e

e RUN TIME COMPARISON Edge — Unlinked

4

Four programs ] ! ? ? d d J d d # -

. (<]
RAXML [Q-TREE ) ° ° + 0 °
RAXML,,;  IQ-TREE,, . |
4
Each alignment 5
10 runs
6
7
8
Speedup
9
CPU x./ / DNA1  DNA2 DNA3 DNA4 DNA5 DNA6 DNA7 DNA8 DNA9  AAI0  AA11  AAT2
X; 128_34 180_15 237_74 279_27 298_3 372_79 404_11 435_18 767_5 69_31 70_35 72_51
29198 14912 43834 42666 5074 61199 13158 16016 5714 8546 11789 12548
/ / 30% 60% 72% 79% 34% 66% 60% 73% 59% 35% 34% 35%
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e

e RUN TIME COMPARISON Edge — Unlinked

4

Four programs ] ! ? ? d d J d d # -
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RAXML [Q-TREE ) ° ° + 0 °
RAXML,,;  IQ-TREE,, . |
4
Each alignment 5
10 runs
6
7
8
Speedup
9
CPU x./ / DNA1  DNA2 DNA3 DNA4 DNA5 DNA6 DNA7 DNA8 DNA9  AAI0  AAT1  AAT2
X; 128_34 180_15 237_74 279_27 298_3 372_79 404_11 435_18 767_5 69_31 70_35 72_51
29198 14912 43834 42666 5074 61199 13158 16016 5714 8546 11789 12548
/ / 30% 60% 72% 79% 34% 66% 60% 73% 59% 35% 34% 35%

IQ-TREE vs. IQ-TREE pr4
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ACCOUNTING FOR PARTIAL TERRACES IN PRACTICE
e

e RUN TIME COMPARISON Edge — Unlinked
Four programs ] J ﬂ J h_d d d ‘i'l .
- L s + °
RAXML [Q-TREE ) : ° ° T; . oi_r °
T j |
1 L
RAXML,,;  IQ-TREE,, . | ..- e
o o T
ii L o T ° -i e T T
4 . 3 .l
. oo iy
Each alignment 5 T ' Ly
1 1
10 runs ' l ll
. T
6 l v
\ |
7 1 T. it
|
8 1 L
[}
Speedup °
9
CPU x./ / DNA1 DNA2 DNA3 DNA4 DNA5 DNA6 DNA7 DNAS8 DNA9 AA10 AA11 AA12
X; 128_34 180_15 237_74 279_27 298_3 372_79 404_11 435_18 767_5 69_31 70_35 72_51
29 198 14912 43 834 42 666 5074 61199 13 158 16 016 5714 8 546 11789 12 548
/ / 30% 60% 72% 79% 34% 66% 60% 73% 59% 35% 34% 35%
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QUESTIONS ?
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