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Important to have a good Prior Distribution on Tree Topologies.
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Motivation

Important to have a good Prior Distribution on Tree Topologies.

m In a Bayesian Approach for Tree Sampling,
you must specify a Prior on Trees.
If the Prior is bad,
this will have a negative bias to your results.



Tree Imbalance and Models Calibration Goodness of Fit Analysis
0000000000000 0000000 00000000000000

Motivation

Important to have a good Prior Distribution on Tree Topologies.

m In a Bayesian Approach for Tree Sampling,
you must specify a Prior on Trees.
If the Prior is bad,
this will have a negative bias to your results.

m To Test for unusual many Birth Events (Radiation) in a Tree,
you must have an appropriate Null Model.
Otherwise the Test will perform poorly.
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De nitions

De nition Topology/Shape :
Unlabeled Tree, without any temporal Information.
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De nitions

De nition Topology/Shape :
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De nitions

De nition Topology/Shape :
Unlabeled Tree, without any temporal Information.

Inner Nodes := Nodes of Degree 2
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De nitions

De nition Topology/Shape :
Unlabeled Tree, without any temporal Information.

i

Root of (Sub)Tree := Node of Degree 2
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De nitions

De nition Topology/Shape :
Unlabeled Tree, without any temporal Information.

Leaves := Nodes of Degree 1
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De nitions

De nition Topology/Shape :
Unlabeled Tree, without any temporal Information.

Size of Tree := Number of Leaves
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Balance of a Shape
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How can this be expressed by a Statistic?
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Colless' C (1982)
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Shao and Sokals' N (1990)
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Shao and Sokals' N (1990)
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B, (Shao and Sokal 1990)
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B, (Shao and Sokal 1990)




Beta Splitting Parameter

Consider a Subtree with n Leaves.
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Consider a Subtree with n Leaves.
There are n 1 possible Splits, giving raise to Subtrees of Size
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Consider a Subtree with n Leaves.
There are n 1 possible Splits, giving raise to Subtrees of Size
(1jn 1)
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Beta Splitting Parameter

Consider a Subtree with n Leaves.
There are n 1 possible Splits, giving raise to Subtrees of Size
(1jin 1),(@n 2)
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Beta Splitting Parameter

Consider a Subtree with n Leaves.
There are n 1 possible Splits, giving raise to Subtrees of Size
(Ljn 1),(2)n 2):::(n 1j1).



Tree Imbalance and Models Calibration Goodness of Fit Analysis
0000008000000 0000000 00000000000000

Beta Splitting Parameter

Consider a Subtree with n Leaves.
There are n 1 possible Splits, giving raise to Subtrees of Size
(Ljn 1),(2)n 2):::(n 1j1).

Aldous' Beta Splitting Model (1996) is a Family of Probability
Distributions giving Probabilities to Splits.
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Beta Splitting Parameter

Consider a Subtree with n Leaves.
There are n 1 possible Splits, giving raise to Subtrees of Size
(Ljn 1),(2)n 2):::(n 1j1).

Aldous' Beta Splitting Model (1996) is a Family of Probability
Distributions giving Probabilities to Splits.

The Distributions have a Parameter 2 ( 2;1 ).
A higher  will produce more Balanced Shapes.
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Beta Splitting Parameter

Consider a Subtree with n Leaves.
There are n 1 possible Splits, giving raise to Subtrees of Size
(Ljn 1),(2)n 2):::(n 1j1).

Aldous' Beta Splitting Model (1996) is a Family of Probability
Distributions giving Probabilities to Splits.

The Distributions have a Parameter 2 ( 2;1 ).
A higher  will produce more Balanced Shapes.

We take the Maximum Likelihood Estimator as a Statistic.
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Birth and Death Model (Kendall 1948)

The Birth and Death Model (BDM) is a Branching Process.
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The Birth and Death Model (BDM) is a Branching Process.

Every Lineage has a Birth Rate and a Death Rate.
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Birth and Death Model (Kendall 1948)

The Birth and Death Model (BDM) is a Branching Process.
Every Lineage has a Birth Rate and a Death Rate.

If these Rates are equal in all Lineages for all Timepoints:
BDM, shape Yule Model.

All Lineages have the same constant Birth Rate.
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Birth and Death Model (Kendall 1948)

The Birth and Death Model (BDM) is a Branching Process.
Every Lineage has a Birth Rate and a Death Rate.

If these Rates are equal in all Lineages for all Timepoints:
BDM, shape Yule Model.

All Lineages have the same constant Birth Rate.
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Birth and Death Model (Kendall 1948)

The Birth and Death Model (BDM) is a Branching Process.
Every Lineage has a Birth Rate and a Death Rate.

If these Rates are equal in all Lineages for all Timepoints:
BDM, shape Yule Model.

All Lineages have the same constant Birth Rate.
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Birth and Death Model (Kendall 1948)

The Birth and Death Model (BDM) is a Branching Process.
Every Lineage has a Birth Rate and a Death Rate.

If these Rates are equal in all Lineages for all Timepoints:
BDM, shape Yule Model.

All Lineages have the same constant Birth Rate.
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PDA Modell (Rosen 1978)

De nition Proportional to Distinguishable Arrangements
Model (PDA):

Every distinguishable Leaf Labeled Tree Shape has the same
Probability.



Tree Imbalance and Models Calibration Goodness of Fit Analysis
0000000000800 0000000

PDA Modell (Rosen 1978)

De nition Proportional to Distinguishable Arrangements
Model (PDA):

Every distinguishable Leaf Labeled Tree Shape has the same
Probability.
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PDA Modell (Rosen 1978)

De nition Proportional to Distinguishable Arrangements
Model (PDA):

Every distinguishable Leaf Labeled Tree Shape has the same
Probability.
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PDA Modell (Rosen 1978)
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De nition Proportional to Distinguishable Arrangements
Model (PDA):

Every distinguishable Leaf Labeled Tree Shape has the same
Probability.
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Beta Splitting Model, = 1 (Aldous 1996)

Example:
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Beta Splitting Model, = 1 (Aldous 1996)

Example:
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Beta Splitting Model, = 1 (Aldous 1996)

Example:
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Beta Splitting Model, = 1 (Aldous 1996)

Example:
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Beta Splitting Model, = 1 (Aldous 1996)
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Beta Splitting Model, = 1 (Aldous 1996)

Example:

12 345
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De nition Beta Splitting Model (BS), = 1.

The Probability of a Split (ijn i) is Proportional to
ﬁ; i2f1;2:::::n 1g:
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KS and GBM Model

De nition Kirkpatrick and Slatkin (KS) Model  (1993):
The Birth Rate b is inherited to the Daughter Lineages,
with a skew Proportion: by : b, = s: 1.

s is a Parameter to control the Imbalance.
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KS and GBM Model

De nition Kirkpatrick and Slatkin (KS) Model  (1993):
The Birth Rate b is inherited to the Daughter Lineages,
with a skew Proportion: by : b, = s: 1.

s is a Parameter to control the Imbalance.

De nition Geometric Brownian Motion (GBM) Model (Heard
1996): The Rates evolve independently in all Lineages,
according to a Geometric Brownian Motion.

is a Parameter to control the Volatility.
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Sources of Observable Trees

m TreeBASE

Public online Database for published Trees.

http://www.treebase.org
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Sources of Observable Trees

m TreeBASE
Public online Database for published Trees.
http://www.treebase.org

m Tree of Life
Single reconstructed Tree of all living Species.
http://www.tolweb.org
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Splitting Pattern Comparison BS

Splitting difference of TreeBASE and BS, beta=-1
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Conclusion and Outlook

BDM generates too balanced Tree Shapes
PDA generates too imbalanced Tree Shapes

We recommend the BS ( = 1) as a Splitting Model
We recommend the KS (1 : 2) as a Branching Process

Do TreeBASE Trees violate Markov Branching?

Can we incorporate Temporal Information?
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I'm happy to answer your Questions.

Lin Himmelmann
linhi@cs.uni-frankfurt.de
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Questions?

I'm happy to answer your Questions.

Thank you!

Please contact me for further Comments, Questions, Ideas...

Lin Himmelmann
linhi@cs.uni-frankfurt.de
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