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ABC for ancestral inference: timescales

e Tumour evolution

— mitotic division, evolution within individual

— agent-based models (cellular Potts model)
o Coalescents

— human evolution (where ABC began)

— SerialSimCoal
e Phylogeny of primates

— species evolution



The Primates




Primate Evolution
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Reconciling molecular and fossil records?
e Extant primates are strepsirrhines (lemurs and lorises)
and haplorhines (tarsiers and anthropoids)

Molecular estimate of time of divergence is
approximately 90 mya

e Fossil record suggests 60-65 mya

e Fossil record is patchy

1038/npre.2011.5963.1 : Posted
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%roblem: Use the fossil record to estimate the age of the
&st common ancestor of extant primates
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Primate Data

Observed
Epoch k| Ty number of
species (Dy)
Late Pleistocene 11015 19
Middle Pleistocene | 2 | 0.9 28
Early Pleistocene 3 1.8 22
Late Pliocene 4| 36 47
Early Pliocene 5 5.3 11
Late Miocene 6 | 11.2 38
Middle Miocene 7 1164 46
Early Miocene 8 | 23.8 36
Late Oligocene 9 | 28.5 4
Early Oligocene 10 | 33.7 20
Late Eocene 11 | 37.0 32
Middle Eocene 12 | 49.0 103
Early Eocene 13 | 54.8 68
Pre-Eocene 14 0
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The evolutionary process
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What happened?

e Average sampling fraction of 5.7%
— upper 95% limit 7.4%
e Estimated divergence time 81.5 mya

— 95% Cl (72.0, 89.6) mya
avaré, Marshall, Will, Soligo & Martin Nature, 2002

e Pravda, Times, BBC, ..., assorted religious fanatics,
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Million years ago
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Primate Evolution
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Why more?

Bayesian approach more natural
Allows us to incorporate prior information
Sampling fractions

— probability of finding a fossil in bin i is a;
— a = ap, p known

— reasonable?
Other models for finds?

Allowing for dinosaur extinction at K/T boundary?



Fossil record: ABC approach

ata can be thought of in two parts:

(a) the observed number of fossils Fis found
(b) the proportions p; obs found in jth bin

Note: no data summaries used here

suitable metric might be

Z ‘pj Dy, 0bs|

‘ k+1

‘ Obb
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Results
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Sensitivity: Exploring Other Models

- Choice of p
- Demography

- Sampling fractions

K/T crash 65 mya

- the time of origin of primates is even further
back in the Cretaceous

- Poisson sampling scheme: length in bin matters

- Dating other split points
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ne advantage of ABC — it is easy to change the input ...
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Tweak metric

e The observed N values are too small

— require Ny > 235

— change the metric

k

p(D,D/) = Z

i=1

D; D!

?

D, D,

D/
+ |5 - ’+‘
Dy

e Penalises trees with Ny values far from 235
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Results: ¢ = 0.3
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min  LQ Median mean UQ Max
No 184 212 224 226 238 279
T 0.0 8.0 18.6 26.3 36.8 995
g § % gi XTM
Accepted N_0 values Accepted tau values
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Old World/New World Split

Hap/Strep Plat/Cat
Epoch k Ty number of number of
species (D) species (D;;)
Late Pleistocene 1 0.15 19 19
Middle Pleistocene 2 0.9 28 28
Early Pleistocene 3 1.8 22 22
Late Pliocene 4 3.6 47 44
Early Pliocene 5 5.3 11 10
Late Miocene 6 11.2 38 33
Middle Miocene 7 16.4 46 43
Early Miocene 8 23.8 36 30
Late Oligocene 9 28.5 4 3
Early Oligocene 10 | 337 20 6
Late Eocene 11 37.0 32 2
Middle Eocene 12 49.0 103 0
Early Eocene 13 54.8 68
Pre-Eocene 14 0




Dating Two Splits
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Details

e Ny = 235 species for the Strep/Hap,

e ¢ = 0.4 for both metrics

min  LQ Median mean UQ Max

159 212 234 233 254 303
09 121 17.6 20.1 253 945
1.6 145 18.2 196 235 829

B

*

2

The median posterior sampling fractions (x100)

g oy ap ag ag ag @10 @11 a9 @13
10 12 3 6 7 1 8 22 41 80
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°
£Combining fossil record with molecular data

Po

~Yesterday's posterior is tomorrow's prior . ..
'ye)

e Estimate posterior for two primate divergence times

e Use as prior for dating nodes from molecular data
(memectree)

e Data are updated from earlier analysis
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The phylogeny of the species
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The priors
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The molecular data

Y Steiper & Young 2006
Steiper & Young 2009

Crown OW
Monkeys

Crown NW
Monkeys

' Crown Strep-
" sirrhines

r
110 100 90 80 70 60 50 40 30 20 10 o
Ma Before Present



Posted

10.1038/npre.2011.5963.1

doi

dings

The drawbacks

Did eyes evolve? Look clearly at all the evidence. You can't ignore tt
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New Statistical Model Moves Human Evolution Back Three Million
Years

ScienceDaily (Nov. 5, 2010) — Evolutionary v f |
divergence of humans and chimpanzees likely enscd
occurred some 8 million years ago rather than the
5 million year estimate widely accepted by A\
scientists, a new statistical model suggests.

———————————— "The revised estimate of when the
See Also: human species parted ways fromits
. closest primate relatives should
Plants & Animals enable scientists to better interpret
¢ Evolutionary Bielogy e history of human evolution, said

* Nature Robert D. Martin, curator of biological |
Computers & Math anthropology at the Field Museum, - =
< {Siaiaios and a co-author of the new study A new statistical model suggests that evolutionary
« Computer Modeling @PPearing in the journal Systematic divergence of humans from chimpanzees likely »
Bio occurred some 8 million years ago, rather than the
Fossils & Ruins & million year estimate widely accepted by
« Fossils Working with mathematicians, scientists. (Credit: iStockphote/Eric Gevaert)

anthmnnlnniste and molarsilar



Collaborators

Posted

— Richard Wilkinson  [University of Nottingham]

v2)

©

2 Bob Martin [Field Museum, Chicago]
:} Christophe Soligo  [University College London]
o

S

o Ziheng Yang [UCL]

2 Michael Steiper [Hunter College, New York]

dings : doi:10.1038/n



Posted

'HThe dangers of ABC H. L. Mencken:

Gor every complex problem, there is an answer that is
%_hort, simple and wrong

i
YVhy use ABC? J. Galsworthy:
Y

ddealism increases in direct proportion to one’s distance
From the problem
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