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Genome selection for reconstruction

= |Instance: Given a phylogeny P over a set of n
genomes, an integer k and a reconstruction

method M,

= Solution: a subset of k genomes in the phylogeny
that gives the highest accuracy of reconstructing
the ancestral genome at the root of the phylogeny,
using method M.



Motivation

= More genomes do not necessarily give a higher
accuracy for the reconstruction of ancestral character
states (examples will be given later)

= |t is often impossible to sequence all descendant
genomes to reconstruct an ancestral genome
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Reconstruction methods

= There are different methods for reconstructing the
ancestral character states

¥ Parsimony, maximum likelihood and Bayesian methods

* |n this work, we study the problem with respect to the
Fitch parsimony method in the Jukes-Cantor
evolutionary model



Jukes-Cantor model and
the parsimony method

= Jukes-Cantor Model

¥ Characters evolve by a symmetric, reversible Markov
process.

¥ Prob. of a substitution change of any sort on any branch
would be the same.

= Parsimony reconstruction method

¥ Given character states in the leave nodes, the method

reconstructs a subset of states at each internal nodes by

the following rule: )
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Reconstruction accuracy

In the Jukes-Cantor model,
¥ In this study, evolution is symmetric with states 0, 1.

¥ Hence, the reconstruction accuracy of a method is independent
of the prior distribution of the states in the root.

Therefore, we have the unambiguous reconstruction
accuracy:

Ppaccuracy = Pa[{1}|1] = Pa[{0}|O
and the ambiguous reconstruction accuracy
1
Pp-accuragy = Pal{ 1} 1] + 5 b {0, 1} 1]

Pp[{1}| 1]is the probability that the state set {1} is computed at
the ancestral root by the Fitch method given the true state at
the root is 1.



More genomes are not necessarily better
P An example with 4 leaves

= The complete tree A /‘
z\L

= The unambiguous
reconstruction accuracy

of using one genome is
Ppath - p2 t (1| p)2 /‘\\ X ,\C A

= The unambiguous (d)
reconstruction accuracy
of using all the 4
genomes is

Pyhole = Ppath - 3p2(1 —p)

= More genomes give

more noise!
2



The accuracy on complete phylogeny in the
limit case (not in the paper)

# of leaves goes to infinity

When conservation rate p on

each branch is less than 7 :
8

(The ambiguous reconstruction
accuracy)

(the accuracy of using just one
genome )
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The accuracy on unbalanced trees in the
limit case (not in the paper)

(The ambiguous
reconstruction accuracy)
<

(the accuracy of using the
closest genome)

= (the conservation rate p)
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A small example with six leaves

= (The ambiguous reconstruction accuracy)
<

(The unambiguous accuracy on the shortest path)

When 0 < p <0.65
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Simulation

Experiment setup: Yule model; p along branches: 0.5~1; N=9/15/20

Count the number of random trees in which the unambiguous accuracy
of using a single (longest or shortest) path is better than that from the
full phylogeny
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When p < 0.9, the unambiguous accuracy from the shortest path is
always better

When p < 0.8, the unambiguous accuracy from the longest path is
always better



Genome selection for reconstruction
- the problem and our approach

Instance: A phylogeny P over n genomes, integer k and a
reconstruction method M

Question: Find a subset of k genomes that allows the ancestral
character states at the root of P to be reconstructed with the
maximum accuracy, using method M.

The genome selection problem is unlikely polynomial-time
solvable (no hardness proof yet)

As a result, we propose two greedy algorithms for the problem:
¥ Forward greedy algorithm
¥ Backward greedy algorithm



Forward greedy algorithm

= 1.SetS « o;

= 2. Fori=1,2,---,k do
2.1) for each genome g not in S, compute the
accuracy Ag of the reconstruction
by applying method Mto S 1 {g};

2.2) add g with the max accuracy Ag to S;

= 3. Output S



Backward greedy algorithm

= 1. Let S contain all the given genomes;

= 2. Fori=1,2,---,n—-kdo

2.1) for each genome g in S, compute the
accuracy A'g of the reconstruction by

applying M to S - {g};

2.2) remove g from S if A'g is the max over all g;

= 3. Output S



Validation test
P Trees with uniform conservation
probabllity along branches

= Experiment setup: use Yule model to generate 100 random trees
with N leaves and the conservation prob. p on every branch, where
¥ N=9, or 16, and p = 0.75, 0.80, 0.85, 0.90, 0.95, or 0.99.
¥ Set k= 6 for the trees with 9 leaves
¥ Set k= 10 for the tree with 16 leaves
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= On average, the unambiguous accuracy of reconstruction using
genomes output from the greedy algorithms is comparable to the
best accuracy.



Validation test
b Trees with the same height

= Experiment setup: select 3 leaves in random trees with N =9
leaves generated by program Evolver in PAML with the following
parameters:
¥ Birth rate=10; Death rate=5; Sampling fraction=1.
¥ Tree height=0.1,0.2,0.5, 1, 2, or5.
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A biological example

= Boreoeutherian ancestor
= 4 states at leaf nodes

= Expected unambiguous
accuracy at the root node
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Backward algo is always similar to the

exhaustive search

With 8 leaf nodes, the accuracy from
backward algo is 93.6%, near to the
accuracy 94.6% with full phylogeny



Conclusion

Formulate the genome selection for the problem of
reconstructing ancestral character

Two greedy algorithms proposed for the problem

Validation test shows that the reconstruction accuracy of using
the genomes selected by the greedy algorithms are comparable
to the max reconstruction accuracy.



Future work

Scale up the problem
Situation from other reconstruction methods
Consider character set with more than 4 states

Influence of outgroups



