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Gene trees



Incongruence

among gene trees

Unlinked loci can have
different gene trees

Explore phylogenetic
congruence across
markers

Topological distance
metrics
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Coalescence theory
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in a species

Gene trees with
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Gene trees across multiple species

« Gene trees within a tree of multiple species
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Gene trees across multiple species

« Gene trees within a tree of multiple species




Gene trees across multiple species

« Incomplete lineage sorting
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Gene trees across multiple species

« Incomplete lineage sorting




The species tree

Incomplete lineage sorting can lead to gene trees that are
different from the species tree

We can still infer the species tree using multiple genes

Three approaches
1. Concatenation
2. Consensus

3. Coalescent methods



Analysis of multiple genes

1.

Concatenation. Assume that all genes share the same
evolutionary history

brown bear
cave bear
black bear

giant panda

All genes

Ignores differences among gene trees
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The species tree

2. Consensus. Estimate each gene genealogy and generate a
consensus

brown bear brown bear brown bear
cave bear cave bear cave bear
giant panda black bear black bear

black bear giant panda giant panda
Gene 1 Gene 2 Gene 3

brown bear giant panda brown bear

cave bear cave bear cave bear

black bear brown bear black bear

giant panda black bear giant panda
Gene 4 Gene 5 Consensus

But the most common gene tree is not always similar
to the species tree (“anomaly zone”)



The anomaly zone

When it is more probable

that gene trees are not

consistent with the species

tree

‘Scaphiophryne marmorata (KU 343458)

Arthroleptis variabilis (KU 341900)
Comufer guentheri (KU 341235)
Mantidactylus melanopleura (KU 347429)
Boophis fephracomystax (KU 347343)
[ Nyetialus spinosus (KU 337673)
Nycth (MVZ 239460)

Outgroup

)
Nyctixalus pictus (CAS 247476)
Theioderma

stellatum (FMNH 261896)
Theloderma steilatum (FMNH 267765)
Theloderma corticale (MVZ 223905)
7z Thelodenma licin (MVZ 272184) Theloderma
N1 Theloderma asperum (CAS 241559)

Theloderma petilus (FMNH 257902)

Gracixalus lumarius (UNS 00340)
—{:‘: Gracixalus carinensis (FMNH 271715) I Gracixalus
Gracixalus jinxuensis (JJLR 414 )
Kurixalus vermucosus (FMNH 223856) 1 Kurixalus
[Raorchestes parvulus (AMH 48886)
Raorchestes longchuanensis (CAS 241491) I Raorchestes

[~ Philautus poecilus (ACD 489 )

Phie 253933) <
l‘——': Philautus abditus (AMH 48597) Philautus
Philautus aurantium (FMNH 233225)

Chiromantis rufescens (CAS 258328)

Gracixalus
Group

Chiromantis doriae (FMNH 255213)
Chiromantis doriae (JJLR 451)

Chiromantis nongkhorensis (AMH 48646)
Chiromantis nongkhorensis (FMNH 263098)

Chiromantis

Al

Foihyla palpebralis (FMNH 254425)
Feihyla vittatus (AMH 48555) |
Feihyia vitatus (KU 328224) || Feihyla
Foihyla vittatus (KU 328245)

Polypedates otiiophus (FMNH 230836)

Polypedates leucomystax (KU 327999) I Polypedates
Rhacophorus achantharrhena (MVZ 272105)

Rhacophorus edentulus (MVZ 256034)

Rhacophorus bimaculatus (KU 307676)

Rhacophorus cyanopunctatus (FMNH 267835)

Rhacophorus vampyrus (AMS R173126)

Rhacophorus baluensis (FMNH 235957)

Rhacophorus nigropaimatus (FMNH 230801)

Rhacophorus barisani (MVZ 272175)

Rhacophorus bipunctatus (CAS 221351)

Rhacophorus bipunctatus (FMNH 253123)
Rhacophorus rodopus (CAS 221344)

[ Rhacophorus paroaiis (LSUHC 3998)

pardalis (FMNH 269175)
\_Emwcwhcms pardalis (MVZ 272185)
T Rhacophorus cf. pardalis (FMNH 235741)

Chiromanti:
Group

Rhacophorus (s.l.)

(N2) Nyctixalus Group
Gracixalus Group
Chiromantis
Feihyla
Polypedates

Rhacophorus

Nyctixalus Group
Gracixalus Group
Chiromantis
~N3) Feinyla
Polypedates

»

Rhacophorus

Theloderma
Nyctixalus

(NT) Theloderma
Gracixalus Group
Chiromantis
Polypedates

T4 O3 Feinyla
Rhacophorus

Gracixalus

F
S

Philautus, Kurixalus,

Raorchestes
Nyctixalus

Theloderma
Chiromantis
Feihyla

Polypedates

Rhacophorus
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Quartets
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Quartets

Quartets do not suffer from the
anomaly zone
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ASTRAL: genome-scale coalescent-based species tree estimation

S. Mirarab', R. Reaz', Md. S. Bayzid', T. Zimmermann'?, M. S. Swenson® and
T. Warnow"*

Vol. 30 ECCB 2014, pages i541-i548
doi:10.1093/bioinformatics/btu462
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The species tree

3.

Other coalescent methods
Estimate the species tree from gene trees

Assume that gene trees are independent samples from a
stochastic process within the species tree (the multi-species
coalescent)

Various methods

« *BEAST co-estimates gene- and species-trees



Useful references

Gene tree discordance, phylogenetic inference and the multispecies
coalescent

Degnan & Rosenberg (2004) Trends Ecol Evol, 24: 332-340.

The Concatenation Question. David Bryant, Matthew W. Hahn.
Phylogenetics in the Genomic Era, pp.3.4:1--3.4:23, 2020. (hal-02535651)
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