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Phylogenomics
(Phylogenetics based on genome-
scale data)

Could genome-scale data easily
resolve phylogenetic problems?

—> Not necessarily!

Phylogenomics

* The longer the sequences, the smaller the
sampling error becomes.

—> Apparently strong conclusion can be
obtained.

* However, if the estimation is biased, an
erroneous tree can be supported with a high
confidence. = Bias of tree estimation caused by
a model misspecification is an important

problem in phylogenetics.




Systematic errors in phylogenetic inference

* Long-branch-attraction (LBA)
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Tree of Rodentia

*Myomorpha

*Sciuromorpha

*Hystricomprpha

Guinea-pig
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Rodents polyphyly? (FEtE5EX 2 R#HEH ?)
Tree-1 (Traditional) Tree-2
Mouse Human
Guinea-pig Guinea-pig
Rodents paraphyly
EEN S
Human Mouse
D'Erchia et al. (1996)
Nature 381, 597
Tree-3 Human Primates
Mouse
] Rodeﬁ_ts paraphyly
Graur, Hide andLi1991) CUIneaPIg
Nature 351, 649
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Reanalsis of Graur et al.’s data (Hasegawa et al. (1992) Nature 355, 595)
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Hasegawa et al. (1992) Nature 355, 595
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0.1 substitutions/site
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model is used, the multiple substitutions are underestimated, but as a more realistic
model is applied and as the species sampling becomes denser, the estimation
becomes better.
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Nature Reviews | Genetics

ML tree with the JTT+I" model

Long-branch-attraction

Delsuc, Brinkmann & Philippe (2005)




Systematic errors in phylogenetic inference

* Long-branch-attraction (LBA)

* Heterogeneous tempo & mode of evolution
among different genes
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_*"" Diversity of Eutheria

R -3 TR R4t

Retroposon insertion method developed by
Norihiro Okada in 1990s

Retroposons such as SINE and LINE are inserted randomly into a
genome. If the same retroposon-is foundinthe same locusin
different species, then the insertion must have occurredin the
common ancestor of the two species. (Independent insertion in the
same locus must be very rare.)

SINE

!

RNA

reverse transcriptior

RNA-mediated transposition
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Collection of exon sequences from database

1. Extraction of all exon sequences >200 bp
from the human genome database

2. Removal of duplicated (paralog) sequences
from the human data

3. Search of the armadillo (Xenarthra) and
elephant (Afrotheria) genomic data for
homologs of the human exons

4. Collection of the homologous exons from
other mammalian genomic data

5. Alignment of all the sequences and removal
of ambiguous nucleotide sites

- 1,011,870 bp of 2,789 protein-encoding
genes from 9 eutherian species and 1
marsupial (opossum)

Orthologous Paralogous

Gene-1 Gene-1

Gene-2 Gene-2

i = - e T o R -

Geneiduphcatlon
Yy 8 X M T
Genelduphcatmn

2017/5/17

11



Nd tree of concatenated 1,011,870 nucleotides

C

100

100 Human
|:Chimpanzee Boreotheria

Macaque

amadilcX enarthra

Eephant  Afrotheria

Dog
Cow Boreotheria

Mouse

Long branch

—
100 I—Rat

Opossum

P

0.0z

Boreotheria monophyly (supported strongly by the retroposon
insertion and ML analyses) was not reproduced by the NJ and MP
analyses. This is probably due to the long-branch-attraction artifact

of the long mouse/rat lineage.

NJ tree of concatenated 337,290 amino acids
Even when amino acid sequences are used, the NJ and ML give a
wrong tree.
D Human
100
100 E Chimpanzee
100 Macaque Boreotheria
Dog
100 |~
— 00 Cow
AmmadiloXenarthra
100 Eephant Afrotheria
Mouse
Boreotheria
ool Rat
Opossum
—
0.02
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KIL tree of concatenated 1,011,870 nucleotides
( +
———{GTR I model)
Rat
100 Human
Chimp Boreotheria
100 Macague
Dog
Cow
Amadilo ~ Xenarthra Tree-3:
H100 Afrotheri Xenarthra/Afrotheria clade
Elephant FOLRCTIA~ |\ a5 supported with 100%BP!
Opossum
b
0.05

1

Strong support for Tree-3 holds even when partition among the 3 codon positions,

which takes account of the rate difference among codon positions, are done as fgllows:
1b) Unequal rate among codon positions (GTR + I's model AN EEGI[E Drate MLV B &

Tree | <lnL>QAInL £ SE) KH wiH BP (%) #p AIC

1 -1139 = 326 0.000 0.000 0.0

2 -131.3 £+ 328 0.000 0.000 0.0

3 <-3,019,511.0> [1T000] 78  7.839,178.0
Tree 15t Jnd grd <lnL>AInL + SE)

1 —-227+166 | —285+16.1 | -62.7+25.1 -1139 + 336

2 3314156 | —442+136  -54.0+254 -131.3 + 328

8 <-1,029462.5> <-850,474.9> <-2,089,575.6> <-3,919,511.0>
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But how about the amino acid analysis?
ML tree of concatenated 337.290 amino acids (JTT + I model)
B

Mouse| Tree-1:
Rat | Basal-Afrotheria
Human
|7 L Chimp Boreotheria
Macaque
5 —  Dog A Nucleotide analysis
— Mouse
Cow Pl
Amadilo Xenarthra | | i :m:"
Elephei Afrotheria MR
Dog
| . \— Cow
became ambigous —
I I 100 Elphant

0.05

How about the codon-substitution model? (A triplet codon
rather than a nucleotide is regarded as a unit of
ngolecular evolution) ML tree of concatenated 337,290 codons

mouse| Tree-1:
Rat Basal-Afrotheria
Human
L chimp Boreotheria
Macaque
8 —— Dog
Cow

Amadilo Xenarthra

Elephant Afrotheria

- - Opossum
St\'onger support of Tree-1 which was rejected by the concatenated

nucIeotidE analysis
0.2
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The model with minimum AIC can be regarded as the best model

Although Tree-3 was strongly supported by some model, Tree-1 is
preferred by the better model in terms of AIC.
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Separate analyses of 2,789 genes

(B) Separate analvses of nucleotide sequences among 2789 genes

1) Equal rate among codon positions (GTR + I's model)

Tree <InL>Alnl+ SE) IKH wSH | BP (%) #p AIC
1 <—3,963,480 9> [ 86272514 80720078
2 1174 + 72.3 0.050 0.092 41
3 91.4 + 72.7 0.104 0.174 9.7

2) Codon-substitution model (with Ty

Tree <In L=>(Aln L+ SE) ILH wSH BP (%) #p AlC
1 <-4,621,322 1> | 896 225900 7,694,462.2
2 -128.0 £ 103.2 0.107 0.164 10.4
] -527.9 + 96.3 0.000 0.000 0.0

Amino acids

Tree-1 is robustly supported irrespective of the model if the difference
among genes is taken into account by the separate analysis.

Akaike Information Criterion: AIC = -2xInL + 2x(#parameters)
The model with minimum AIC can be regarded as the best model.

Tree-1 is preferred by both concatenate and separate analyses of amino acid
sequences, but the better model in terms of AIC, that is the separate analysis, gives
higher resolution.

2017/5/17
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available model cannot exclude an alternative tree, particularly
Tree-2. Therefore, the rooting problem of eutherian mammals
still remains unresolved even with the genome-scale analysis.

* Probably, two branchings among the three major groups of
eutherian mammals occurred successively in a short time
interval.

Table 2. Informative L1MB loci supporting trees 1-3

Tree 1 22 loci treez 25 loci 1rees 21 loci
Locus L1 subfamily TSD, nt Locus L1 subfamily TSD, nt Locus L1 subfamily TSD, nt
HDL1007 L1MBS - HDL2003 LiIMB4 4 HDL3016t L1MB5 19
HDL1040 L1MBS - HDL2080 L1MB5S 10 HDL3051 L1MB7 7
HDL1061 LIMB5 = HDL2102 LIMB4 13 HDL3074 LIMB7 -
HDL1081 L1MB2 8 HDL2121 L1MB5 6 HDL3078 L1MB5 15
HDL1119 L1MBS8 7 HDL2203 L1MB5 4 HDL3089 L1IMBS 13
HDL1122 L1MBS 7 HDL2223 LiIMBS a HDL3101 L1MB5 13
HDL1125 L1MB7 12 HDL2237 L1MB5 14 HDL3133 L1MB7 <
HDL1136 L1IMB2 15 HDL2242 LIMB5 mn HDL3138 LIMB5 5
HDL1141 L1MB7 = HDL2279 LiMB8 15 HDL3146 L1MB5 10
HDL1144 L1MB8 18 HDL2307 L1MB5 = HDL3161 L1MB5 6
HDL1171 L1MBS 5. HDL2309 L1MB5 10 HDL3214 L1MB5 =
HDL1200 L1MB5 9 HDL2333 L1MB5 16 HDL3225 LiMB8 14
HDL1208 L1IMB5 14 HDL2340 L1MB5 10 HDL3266" LTMB5 15
HDL1233 L1IMB7 = HDL2345 L1MB7 = HDL3283 L1MB5 3
HDL1256 LiMB4 14 HDL2368 L1MB5 15 HDL3295 L1MB5 6
HDL1262 LimB4 14 HDL2370 LiIMB4 8 HDL3314 L1MB5 =
HDL1276 L1MBS 16 HDL2380 L1MB5 9 HDL3324 L1MB4 =
HDL1287 L1MB8 1 HDL2387 LIMB5 13 HDL3347 LiIMB4 7
HDL1337 LIMB5 T HDL2433* L1MB5 6 HDL3355 L1MB8 6
HDL1360 L1IMBS & HDL2443 L1MB5 15 HDL3366 L1MB5 7
HDL1372 L1MBS 8 HDL244s L1IMB7 10 HDL3369 L1MB5 10
HDL1373 L1MB5 14 HDL2457 LiMB4 8

HDL2483 LIMB8 6

HDL2439* L1MB5 -

HDL2548 LiMBS =

T5D, number of nudeotidas in TSD. Alignments of all the lod are shown in Fig. 52.
*Two L1 loci reported by Kriegs et al. (5). . i
Two L1 lodi reported by Murphy et al. (17). REthpOSOI'I analy5|s and recent geuloglcal data

suggest near-simultaneous divergence of the three
fupﬁrorders of mammals (2009) PNAS

. Shi i M &, and Norihiro O}
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Configuration of continents 105Ma

(c) 75 Ma (d) 45 Ma
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Longer sequences or more taxa?

* The model misspecification gives a serious effect
when taxon sampling is sparse.

* On the other hand, dense taxon sampling could
relieve bised estimation by model
misspecification.

Mammalian mitogenomic relationships and the root
of the eutherlan tree PNAS | June 11,2002 | vol.99 | no.12 | BIS1-B156

Ulfur Arnason**, Joseph A. Adegoke**, Kristina Bodin*, Erik W. Born®, Yuzine B. Esa', Anette Gullberg*, Maria Nilsson*,
Roger V. Shortl, Xiufeng Xu*-**, and Axel Janke*

Fying lemur evolved within Primates?

Tarsier is a basal lineage in Primates?

Mitogenome analyses are often misleading in estimating a tree.

Erabbit -&—
hare Lagomorpha
pika
G tupag | Scandentia
B Homo -
gorilla E
- orangutan =1
gibbon Anthropoidea O | ©
baboon £Elw
F B
capuchin o |E
flying femur | | Dermoptera {5 |&
slow loris H o
D ring-tailed lemur '} Prosimii
sars'ut | Tarsicidea W& i
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Wu et al. (2014)

Euarchontogl ires

e

Lourasiather o

Flying lemur is a sister-group of
primates

Tarsier is a sister-group of T
simian.

Primates

Wu et al. (2014)
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Table 1: Phylogenetic positions estimated by various methods and models

tarsier colugo pangolin sperm whale
Tarsiformes Dermoptera Pholidota Physeteridae
ML _CodonPartition | *Sister to FSister to *Suster to *Basal Odontoceti
Siumiformes Primates (57) Carmvora (79) (64)
(64)
ML_NoPartition *Sister to Sister to *Sister to *Basal Odontoceti
Sumiiformes | Haplorhini Carnivora (66) (62)
(59) “47)
ML 3 *Sister to [ *Sister fo Sister to #Basal Odontoceti
Simiiformes Primates (50) Cetartiodactyla (80)
(88) 37
ML 12 Sister to Sister to *Sister to *Basal Odontoceti
Dermoptera + | Simmiiformes Carnivora (80) 349
Simiiformes (48)
(40)
ML aa Sister to Sister to *Sister to Sister to Platanista +
Dermoptera + | Sinmiformes Carmivora (81) || Ziphiidae +
Simuformes (94) Mysticets (41)
(65)
MP Sister to Sister to Sister to Sister to Platanista +
Dermoptera + | Simiiformes Tylopoda Ziphiidae+Mysticeti
Simuformes (56) (48) (67)
GH
NI_MCL Basal Sister to Basal Sister to Platanista +
Primates Siniiformes Laurasiatheria Ziphiidae+Mysticeti
(89) (90) (26) (100)
NI_TN Sister to Sister to Basal Sister to Platanista +
Sciuromorpha | Sinuiformes Laurasiatheria Ziphiidae+Mysticeti
in Rodentia 97 next to (99)

Wu et al. (2014)
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Laurasiatheria
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