Rocks, clocks and genes from other species

1.e., gene transfers can date the tree of life.
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The geological record is the only source of information concerning absolute time 55°1°gzﬁglh“
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The fossil record 1s directly informative on the minimum ages
of clades based on the age of their oldest fossil representative
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sequence divergence

Clocks

Zukerkandl and Pauling found that the differences between homologous amino acid sequences
from different mammals are roughly proportional to their time of divergence.
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Zukerkandl and Pauling found that the differences between homologous amino acid sequences
from different mammals are roughly proportional to their time of divergence.
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# of events = rate X time
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Rocks & Clocks

Inadequate modelling of the global violation of the molecular clock historically lead to great controversies..

T 7RENDS in Genetics Vol.20 No.2 February 2004 Fulltext provided by www.sciencedirect.com
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Reading the entrails of chickens:

molecular timescales of evolution and
the illusion of precision
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‘We demand rigidly defined areas of doubt and
uncertainty.” Douglas Adams
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Rocks & Clocks

Inadequate modelling of the global violation of the molecular clock historically lead to great controversies..
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. today, Bayesian RMC methods have resolved most, but
not all controversies, using sequence based local molecular
clocks anchored by multiple fossil calibrations.
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.. sequence based local molecular clocks anchored by multiple fossil calibrations. ssolo@elte.hu
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Bacteroidetes
Chlo

PVC
superphylum

Lentisod

For the majority of life’s diversity and most its history we lack sufficient fossils to anchor local clocks.
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... genes from other species?

Horizontal gene transfer 1s common among unicellular organisms, but examples are

know even among animals.

Acyrthosiphon pisum

Moran & Jarvik 2010
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Horizontal gene transfer as noise A

GENEI;LOCKS
Gene transfers result in apparently contradicting gene phylogenies, fungi can seem closely ssolo@elte.hu
related to aphids. A potentially high rate of transfer esp. early in the evolution of life, suggests ¥ @sllsi

that the vertical signal may be drowned 1n noise.
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Transfer events, encoded in the topologies of gene trees can be thought of as “molecular fossils™ 55010@91;9 .hu
that record the order of speciation events. W @sllsi
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Horizontal gene transfer as information e:rc

GENEGLOCKS

Transfer events, encoded in the topologies of gene trees can be thought of as “molecular fossils™ ssolo@elte.hu
that record the order of speciation events. W @sllsi
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... and genes from other species! Here

GENECLOCKS
ssolo@elte.hu
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Fossils provide direct evidence on minimum age, but Transfers are not informative on absolute age, but do
only indirect evidence on maximum and relative ages. provide direct evidence on relative ages.
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Joint reconstruction of gene trees and the species tree

Using a hierarchical model where gene trees are generated along the species tree and sequences are
generated along gene trees we can in theory jointly infer gene trees and species trees.
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Species-tree-aware reconstruction of gene trees " Q@érc

In practice, at present, fixing the species tree 1s much faster computational and still allows us to estimate

more accurate gene trees, better ancestral sequences, improved synteny and fewer transfers. ssolo@elte .hu
@sllsi

species tree gene trees sequences
treated as data) (data)

@)

TATCAAGTC..
TATCAAGAC..
TATCACGAC..
TACCAGGAC..
TACCAGGTT..
TACCAGGAT..

TATCAAGTC.. TATCAAGAC.. TATCACGAC.. TACCAGGAC.. TACCAGGTT.. TACCAGGAT..

substitution
gene events
birth and death



mailto:ssolo@elte.hu

Species-tree-aware reconstruction of gene trees HEYTC
GE&E_?,}.I,OC KS
More accurate gene trees, better ancestral sequences, improved synteny and fewer transfers ssoloelte. hu
significantly reduced number of DTL events W @sllsi
(- 24% 1n Ds, - 59% in Ts and - 46% 1n Ls).
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Relative age constrains from transfers erc

GENEGLOCKS

Transfers inferred by an “undated” version of the species tree-aware method ALE were input into ssolo@elte hu
the MaxTi1C (maximal time consistency) optimisation method to obtain relative age constrains
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Relative age constrains from transfers Here

GE#?,}LOCKS
Transfers inferred by an “undated” version of the species tree-aware method ALE were input into ssolo@elte.hu
the MaxTi1C (maximal time consistency) optimisation method to obtain relative age constrains. W @sllsi
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Rocks, clocks and genes from other species HHETC
GENECLOCKS
A direct comparison between fossils and transfers is not possible. Following Zuckerkandl and ssolo@elte.hu
Pauling, we correlated both fossil and transfer based age estimates with sequence divergence: ¥ @sllsi
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Part of the above correlation may trivially result from the fact that parent nodes are
necessarily both older and more distant to extant sequences than their direct descendants ..
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mailto:ssolo@elte.hu

Rocks, clocks and genes from other species

To directly compare relative age constraints, we measured how different relaxed molecular clock
models, without fossil calibrations, are able to predict the relative timing of speciations implied by

fossils and by transfers.
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To directly compare relative ages, we measured how different relaxed molecular clock models, without
fossil calibrations, are able to predict the relative timing of speciations implied by fossils and by transfers.

b
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Rocks, clocks and genes from other species
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Gene transfers can date the tree of life

Adrian A. Davin', Eric Tannier"?, Tom A. Williams3, Bastien Boussau’, Vincent Daubin®™
and Gergely J. Szoll6si @ 4>*

read here:
http:/rdcu.be/KrjA

Fungi (60 genomes)

a Cyanobacteria (40 genomes) b Archaea (60 genomes) C
853
712
701-722
3,028 LH 636
2,508-3,612 605-665"
2,778 n-
2,382-3,178 | .
2978 - 504-547
ol 2,098-2,446 ™
1,049 £ K
1,873-2,030 # -
1,540-2,094 !
ﬂi 241
| —
856 | L ‘ 170-357
581-1,244* : 11| Lt
- ]
.LL qh ‘ m
o LIIE il
1 LI

ﬂ

Prochlorococcus Akinete-forming TACK PN DPANN ,LQ’ 3% & Basidiomycota  Ascomycota
+ Synechococcus Cyanobacteria + Lokiarchaeum g% é@ NS o°
ey & S
. R v o
multicellular cyanobacteria Euryarchaeota 4,02@&

~ 1.9 Gya
Tomitani ef al. 2006

biogenic methane
~ 3.5 Gya

Thor - Odin - Loki -

~2.3 Gya

Heimdall

Fungi

0.6-0.8 Gya

Q)
m..
E‘
o
O
0
&

ssolo@elte hu
W @sllsi

DTL

undated

rel. dates



mailto:ssolo@elte.hu
mailto:ssolo@elte.hu

