
Recombination Histories & Global Pedigrees

Finding Minimal Recombination Histories
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Basic Evolutionary Events

Coalescent/Duplication Mutation

Recombination Gene Conversion

Infinite site assumption ?



Local Inference of  Recombinations
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Four combinationsIncompatibility:
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Recoding

•At most 1 mutation per column

•0 ancestral state, 1 derived state
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Myers-Griffiths (2002): Number of Recombinations in a sample, NR, 

number of types, NT, number of mutations,  NM obeys:

NR ≥ NT − NM −1



”Observing” Recombinations: Hudson & Kaplan’s RM
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If you equate RM with expected

number of recombinations, this could

be used as an estimator.

Unfortunately, RM is a gross

underestimate of the real number of

recombinations.



Minimal Number of Recombinations

Last Local Tree Algorithm:

L21

Data
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The Kreitman data (1983): 11 sequences, 3200bp, 43(28) recoded, 9 different
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Trees

How many neighbors?

(2n − 2)!
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Bi-partitionsHow many local trees?

• Unrooted

• Coalescent



Metrics on Trees based on subtree transfers.

Rooted tree topologies

Unrooted tree topologies

Trees including branch lengths

Pretending the easy problem (unrooted) is 
the real problem (age ordered), causes 
violation of the triangle inequality:

Tree topologies with age 

ordered internal nodes
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minARGs: Recombination Events & Local Trees

Minimal ARG

True ARG

0 4 Mb

Hudson-

Kaplan

Myers-

Griiths

Song-Hein

ρ j
−1

j=1

n−1

∑

E70(R) =132 E70(Rvisible) = 46

True ARG

Reconstructed ARG

1 2 3 4 5

1 23 4 5

((1,2),(1,2,3))

((1,3),(1,2,3))

n=7,  ρρρρ=10, ΘΘΘΘ=75

Mutation information 
on only one side

Mutation information on both sides

E70(R) =132 E70(Rvisible) = 46



Time versus Spatial 1: Coalescent-Recombination
(Griffiths, 1981; Hudson, 1983 - Wiuf & Hein, 1999)

Temporal Process Spatial Process

ii. The trees cannot be reduced to Topologiesi. The process is non-Markovian

*

* =  



Elston-Stewart (1971) -Temporal Peeling Algorithm:

Mother Father

Condition on parental states

Recombination and mutation are Markovian

Time versus Spatial 2: Pedigrees

Lander-Green (1987) - Genotype Scanning Algorithm:

Mother Father

Condition on paternal/maternal inheritance

Recombination and mutation are Markovian



Time versus Spatial 3: Phylogenetic Alignment

•Optimisation Algorithms

indels of length 1 (David Sankoff, 1973) Spatial

indels of length k (Bjarne Knudsen, 2003) Temporal

•Statistical Alignment

Spatial: Temporal:



Counting + Branch and Bound Algorithm

?
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5 62794
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8 32451

9 10467
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BB & Heuristic minimal ancestral recombination graphs
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The Griffiths-Ethier-Tavare Recursions

No recombination: Infinite Site Assumption  

Ancestral State Known

History Graph: Recursions Exists

No cycles

Possible Histories without Recombination for simple data example

- recombination 27         ACs
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+  recombination 9*108 ACs



1st

2nd

Ancestral configurations to 2 sequences with 2 segregating sites

mid-point heuristic
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1st

2nd

0-ARG

5 states

1-ARG

+15 states

2-ARG

+10 states

ΘΘΘΘ,ρρρρ = 2, 0
ΘΘΘΘ,ρρρρ = 1, 1
ΘΘΘΘ,ρρρρ = 2, 2

0.148
0.037
0.032

0.148
0.082
0.074

0.148
0.090
0.085



Reconstructing global pedigrees: Superpedigrees
Steel and Hein, 2005

The gender-labeled pedigrees for 

all pairs defines global pedigree

k

Gender-unlabeled pedigrees don’t!!
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•All embedded phylogenies are observable

•Do they determine the pedigree?

Genomes with ρρρρ and µ/ρµ/ρµ/ρµ/ρ --> infinity

ρ ρ ρ ρ −−−− recombination rate, µ µ µ µ −−−− mutation rate

Benevolent Mutation and Recombination Process

Counter example:
Embedded phylogenies:



Infinite Sequences: From ARG to Pedigree

A. The ARG?

What can you observe?

B. Sequence of local trees? 

C. Sequence of pairs if local trees with recombination points 

Given A/B/C/D/E above how much does that constrain set of pedigrees

How many pedigrees are compatible varying over data? 

D. Set of local trees?

E. Set/Sequences of local unrooted tree topologies?



Motivation

• Inferring/Reconstructing  Evolutionary Histories of Sequences

• Inferring parameters in the Evolutionary Process Generating Sequences

• Understanding why the problem is computationally hard.

Overview

• Bounds on Recombinations in Data Sets

• Minimal Histories

Spatial Algorithm

Temporal Algorithm

• Digression: Other Spatial/Temporal Algorithms

• Number of Ancestral States

• Likelihood calculations on the ε-ARG.

• Pedigrees and the ARG.
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