Evolution: Deeper into
phylogenetics
Andrew Rominger

Omidyar Postdoctoral Fellow
Santa Fe Institute




* How to infer a
phylogeny

* Why the deep past is
difficult

(Tenericutes)

Actinobacteria Armatimonadetes Bacteria

Zixibacteria Atribacteria
Cloacimonetes Aquificae Chioroflexi
Fibrobacteres Calescamantes
Gemmatimonadetes Caldiserica Firmicutes
WO Dictyoglomi

TAO6  Thermotogae Cyanobacteria

Poribacteria Deinococcus-Therm.
Latescibacteria Synergistetes

Fusobacteria ?/\
Ignavibacteria

aldithrix N

e Melainabacteria
o RBX1
WORI1

Marinimicrobia @

Bacteroidetes
Chlorobi

PVC
superphylum

Planctomycetes
Chlamydiae,
Lentisphaerae,
Verrucomicrobia

Elusimicrobia

Omnitrophica ®

Aminicentantes Rokubacteria g NCIO @
Acidobacteria @
Tectomicrobia, Modulibacteria
Nitros,
Nitrospirae
D teb . Dadabacteria
eltaprotebacteria 3
(Tﬁe?modesﬁ bacteria)
Chrysiogenetes
Defenibactegg °d
Hydrogenedentes NKB19
Spirochaetes
™6 ® Wirthbacteria
Epsilonproteobacteria

Alphaproteobacteria
Zetaproteo.
Acidithiobacillia

Betaproteobacteria

04
Gammaproteobacteria

Micrarchaeota @

Diapherotrites
Nanohaloarchaeota ¢
Aenigmarchaeota
Parvarchaeota
DPANN ‘
Pacearchaeota ©®
Nanoarchaeota
Woesearchaeota
13 H H ” Altiarchaeales
antiela tree or lite nug et al. Z7VEa3
Methanopyri
Methanococci
2016) Nature Microbiology "
Thermococci
Methanobacteria
Thermoplasmata
Archaeoglobi
Methanomicrobia

Dojkabacteria WS6 ¢

Katanobacteria
WWE3

| Korarch.

\ Bathyarc.
YNIXFFA

® O Kai ia
® Adlerbacteria
d Campbellbacteria

Giovannonibacteria
o ® Wolfebacteria
Jorgensenbacteria

o Azambacteria Parcubacteria

@ Yanofskybacteria
® Moranbacteria

® Magasanikbacteria

@ Uhrbacteria ;
@ Falkowbacteria Candidate

Phyla Radiation
‘® SM2F11

@ Peregrinibacteria
@ Gracilibacteria BD1-5, GNO2
Absconditabacteria SR1
Saccharibacteria
® Berkelbacteria

@ Woesebacteria
Shapirobacteria
® Amesbacteria
L4 Collierbacteria
oo ° Pacebacteria
° Beckwithbacteria
° Roizmanbacteria
Gottesmanbacteria
Levybacteria
@ | Daviesbacteria
Curtissbacteria

Microgenomates

Major lineages with isolated representative: italics
Major lineage lacking isolated representative: ®

Eukaryotes

renarch.

Aigarch.

Opisthokonta
Halobacteria
TACK Excavata
Thaumarchaeota Archaeplastida

Chromalveolata
Amoebozoa




Inferring a phylogeny

Molecular Phylogenetics Protocol

3) Phylogeny estimation*

N . = H U EaE Maximum parsimony
C B H 2 B E »  Distance methods

B TEE EE Em *+  Maximum likelihood
B mEEE T PEmE + Bayesian phylogenetics

Collect homologous 2) Multiple
protein sequences sequence
alignment

1)

4) Test the reliability of phylogenetic estimate(s)*

5) Interpretation and application of phylogenies
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Inferring a phylogeny
Goal: find the process leading to the data

Bayesian inference: traversing the complex topology and
rate matrix space lends itself to Bayesian algorithms

>

Likelihood




Inferring a phylogeny
Goal: find the process leading to the data

Information on parsimony and distance-based methods are
left for the Further Reading section
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Inferring a phylogeny
Caveats: inferring the past is hard (especially in deep time)

* Rooting the tree with an outgroup

« Time calibration

» Long branch attraction

« What genetic information goes back to LUCA?
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Inferring a phylogeny

Caveats: inferring the past is hard (especially in deep time)

* Rooting the tree with an outgroup

« Time calibration

» Long branch attraction

« What genetic information goes back to LUCA?
* Ribosomal RNA and protein genes .
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