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WHEN DID BILATERIAN ANIMALS DIVERSIFY ?

Wray et al.
(1996)

1 200 Ma

Aris-Brosou & Yang
(2002, 2003)

582 Ma

> 586 Ma
Bromham & Hendy

(2000)

656-573 Ma
Peterson et al.

(2004)

Lynch
(1999)

630 Ma

Ayala et al.
(1998)

736-670 Ma

850-730 Ma
Feng et al.

(1997)

Gu
(1998)

830 Ma

Wang et al.
(1999)

993 Ma

1 000 Ma
Hedges et al.

(2004)

Variety of markers,
taxa, calibrations

and methods !



[Hedges et al. 2004]
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Heritability
of rates

Rates Rates gradually vary
along branches



"Closely related evolutionary lineages 
are likely to evolve at similar rates.

A consequence of this rate autocorrelation
is that branches that are nearby in a tree

will have correlated lengths"
[Thorne, Kishino & Painter 1998]



Stationary log-normal
distribution of rates

VAR ( ln rP ) = ν . tP

r
rP

[Kishino, Thorne & Bruno 2001]
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Stationary chain
Sampling of  9 000 values

µ = 11,0 Ma ± 2,1
95% credibility interval = 7,5 - 15,9 Ma
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1. REDUCE THE STOCHASTIC ERRORS !

 Use of a greater number of proteins

2. REDUCE THE PHYLOGENETIC ERRORS !

 Use of a greater number of species

3. REDUCE THE PALEONTOLOGICAL ERRORS !

 Use of multiple calibration intervals.

4. REDUCE THE DATING ERRORS !
  Use of relaxed molecular clocks.

HOW TO IMPROVE THE MOLECULAR DATING
OF THE EUKARYOTIC EVOLUTION ?
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CLOCKS :
lnL NO CLOCK = -779 283
lnL WITH CLOCK = -783 020
PLRT < 0.0001 [Douzery et al. 2004]
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CONCLUSIONS

The Bayesian relaxed molecular clock

on 129 proteins:

 reduces the discrepancies between

paleontological and molecular estimates

of divergence times of major eucaryote groups ;

 demonstrates the need of incorporating

variations of evolutionary rates ;

 emphasizes the importance

of dense taxonomic and genetic samplings.



PERSPECTIVES

 Incorporation of

phylogenetic uncertainty ;

 Development and comparison

of models of evolutionary rate variation ;

 Recognition of different partitions

among genes or proteins.


