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How to estimate the branching dates

Molecular clock

?

Calibration
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• Modeling rate variation among different 
lineages

• Calibration based on fossil evidence

Thorne-Kishino – multidivtime

Ziheng Yang – MCMCtree

Bayesian Method for 
Estimating Branching Dates

Hard Bound

Soft Bound

minimum (younger) limit
(t > tL)

maximum (older) limit
(t < tU)

Minimum and maximum limit
(tL < t < tU)

minimum (younger) limit
(t > tL)

maximum (older) limit
(t < tU)

minimum and maximum limit
(tL < t < tU)

tL tU tUtL

tU tL
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Posterior distribution of the branching dates

The prior distribution of the divergence times were given based on the prior distribution
of “root (mean) substitution rate parameter”, “rate drift parameter” and “fossil constraint”

Prior distribution of the branching dates

By estimating the likelihood function from the data, the posterior distribution 
of the divergence times is obtained. 
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Prior distribution       Posterior distribution

Addition of a constraint on 
the 2nd nodes based on 
some fossil evidence

Prior distribution       Posterior distribution

Only one constraint

A pronounced increase of w ratio 
occurred in the common ancestral 
branch of Poaceae, followed by 
reversion in the terminal branches. 

> >
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Is the high evolutionary rate of grasses 
correlated with the high w ratio or with the 
adaptive evolution? Is the rate high in 
grasses living today, or low similarly as the 
w ratio reverted to the low level typical of 
the basal lineages?

To answer this question, we must explicitly 
take account of the time-scale of evolution.

Time estimation with a relaxed molecular 
clock, allowing variable rates among 
lineages

To obtain reliable time estimates, it is important to use 
reliable time constraints based on fossil evidence. The 
poor quality of the fossil record for early grasses, however, 
has prevented us from addressing this issue. Recent 
findings of grass phytoliths in Cretaceous dinosaur 
coprolites provided evidence that the major group of core 
Poaceae had already diversified before 65 Ma.
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Alta Mira Press
Oxford, UK (2006)

Phytoliths (Plant opal):
Silica bodies, that precipitate 
in plant tissues, are especially 
abundant in the grass family 
Poaceae. This is regarded as 
a defense against herbivores.
Since shapes of phytoliths 
differ among different 
lineages of grasses, we can 
evaluate the ancient diversity 
of  grasses by analyzing 
phytoliths found in fossils.
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Fossil phytolith in 
dinosaurs 
coprolites

Prasad et al. (2005) Science 
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Prasad et al. (2005) 
Science 

K-Pg boundary

The major divergence 
among core Poaceae (e.g., 
Zea/Oryza separation) 
preceded the K/Pg 
boundary (65 Ma).

・Since  the bounds provided by fossil evidence are not always correct, soft bounds in 
calibrating a clock is preferable to hard bounds. By using the soft bounds, the 
probability that the true divergence time is outside the bounds is small but not zero. 
・In the Jeff Thorne’s “Multidivtime”, rates are assumed to be correlated between 
neighboring branches, but  it might be interesting to check whether this assumption 
holds by using both the auto-correlated and the independent rates models 
implemented in “MCMCtree” by Ziheng Yang.
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The independent-rates model gives time estimates more in accord with the 
fossil evidence than the correlated-rates model, suggesting that the elevation 
of the rate in grasses was abrupt.

The >65 Ma constraint is given to the Zea/Oryza separation.

Rate change along the lineage from the root to Oryza.

>65 Ma constraint to Zea/Oryza separation No constraint to Zea/Oryza
separation
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Rate change along the lineage from the root to Oryza.

>65 Ma constraint to Zea/Oryza separation No constraint to Zea/Oryza
separation

Conclusion

1. Elevation of the evolutionary rate and adaptive 
evolution in chloroplast genomes were observed in 
the common ancestral branch of grasses after they 
diverged from Typha.

2. Our finding highlights the need for paying attention 
to rates of internal branches rather than averaging 
along a whole lineage in addressing the rate 
heterogeneity problem.
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長谷川政美(2011) 改変
「新図説・動物の起源と進化」
八坂書房

Divergence time estimates within Mysticeti (baleen whales) by Sasaki et al. (2006)

Protein-encoding genes of mt-genome

Baleen whales
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Divergence time estimates within Odontoceti 
by Xiong (2009)

Protein-encoding genes of mt-genome

Toothed whales

 Balaena mysticetus
 Eubalaena japonica

 Eubalaena australis
 Caperea marginata

 Balaenoptera bonaerensis
 Balaenoptera acutorostrata

 Balaenoptera musculus
 Balaenoptera omurai

 Balaenoptera brydei
 Balaenoptera edeni

 Balaenoptera borealis
 Eschrichtius robustus

 Balaenoptera physalus
 Megaptera novaeangliae

 Physeter catodon
 Kogia breviceps

 Platanista minor
 Hyperoodon ampullatus

 Berardius bairdii
 Monodon monoceros

 Neophocaena phocaenoides
 Phocoena phocoena

 Steno bredanensis
 Stenella attenuata

 Sousa chinensis
 Tursiops truncatus

 Stenella coeruleoalba
 Tursiops aduncus

 Delphinus delphis
 Delphinus capensis

 Grampus griseus
 Pseudorca crassidens

 Peponocephala electra
 Feresa attenuata

 Globicephala macrorhynchus
 Globicephala melas
 Orcaella brevirostris

 Orcaella heinsohni
 Orcinus orca

 Lagenorhynchus albirostris
 Lipotes vexillifer

 Inia geoffrensis
 Pontoporia blainvillei

 Hippopotamus amphibius
 Bos taurus

 Ovis aries
 Sus scrofa

 Camelus ferus
 Equus caballus

 Canis lupus
 Felis catus

0.05

Artiodactyla (excluding whales)

Baleen whales
ヒゲクジラ

Toothed
Whales
歯クジラ

偶
蹄
鯨
類

The evolutionary rate of mtDNA is high in  cetaceans; particularly high in toothed 
whales but not very much in baleen whales.
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Analysis of 2 stages
• 14,632 nuclear gene (20.6x106 bp) from 36 

mammalian species (33 eutherians + 2 marsupials 
+ 1 monotreme)

• The posterior probability of the divergence times 
obtained in the 1st stage was used to construct the 
time prior for mt-genome analysis of 274 mammal 
species.
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Africa/South America separation
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