Enumerating Trees: Unrooted & valency 3
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Central Principles of Phylogeny Reconstruction
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From Distance to Phylogenies
What is the relationship of a, b, c, d & e?

ﬁ Molecular clock
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Assignment to internal nodes: The simple way.

A T G C

A

What is the cheapest assignment of nucleotides to internal nodes,
given some (symmetric) distance function d(N,,N,)??

If there are k leaves, there are k-2 internal nodes and 4k2 possible
assignments of nucleotides. For k=22, this is more than 1072,
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5S RNA Alignment & Phylogeny
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itions 2, transversions 5

tatt-ctggtgtcccaggcgtagaggaaccacaccgatccatctcgaacttggtggtgaaactctgeccgeggt--aaccaatact-cg-gg-gggggccct-gcggaaaaatagctcgatgeccagga--ta
t--t-ctggtgtcccaggcgtagaggaaccacaccaatccatcccgaacttggtggtgaaactctgectgeggt-—-ga-cgatact-tg-gg-gggagcccg-atggaaaaatagctcgatgccagga--t-
t--t-ctggtgtctcaggcgtggaggaaccacaccaatccatcccgaacttggtggtgaaactctattgecggt-—-ga-cgatactgta-gg-ggaagcccg-atggaaaaatagctcgacgccagga--t-

t----ctggtggccatggcgtagaggaaacaccccatcccataccgaactcggcagttaagectctgectgegee--ga-tggtact-tg-gg-gggagcccg-ctgggaaaataggacgctgccag-a--t-
t----ctggtgatgatggcggaggggacacacccgttcccataccgaacacggeccgttaagecccteccagegec--aa-tggtact-tgectec-cgcagggag-ccgggagagtaggacgtcgecag-g--c-
t----ctggtggcgatggcgaagaggacacacccgttcccataccgaacacggcagttaagectctccagegeec--ga-tggtact-tg-gg-ggcagtccg-ctgggagagtaggacgctgeccag-g—--c-
t----ctggtggcgatagcgagaaggtcacacccgttcccataccgaacacggaagttaagcttctcagecgec--ga-tggtagt-ta-gg-ggctgtcce-ctgtgagagtaggacgectgeccag-g--c-
g-—---cctgcggccatagcaccgtgaaagcaccccatcccat-ccgaactecggcagttaagcacggttgegeccaga-tagtact-tg-ggtgggagaccgectgggaaacctggatgectgcaag-c—-t-
g----cctacggccatcccaccctggtaacgcccgatctecgt-ctgatctcggaagectaagcagggtecgggectggt-tagtact-tg-gatgggagacctecctgggaataccgggtgetgtagg-ct-t-
g-—-—--cctacggccataccaccctgaaagcaccccatcccgt-ccgatctgggaagttaagcagggttgagcccagt-tagtact-tg-gatgggagaccgecctgggaatcctgggtgectgtagg-c—-t-
g----cttacgaccatatcacgttgaatgcacgccatcccgt-ccgatctggcaagttaagcaacgttgagtccagt-tagtact-tg-gatcggagacggecctgggaatcctggatgttgtaag-c—--t-
g----cctacggccatagcaccctgaaagcaccccatcccgt-ccgatctgggaagttaagcagggttgegeccagt-tagtact-tg-ggtgggagaccgectgggaatecctgggtgectgtagg-c—-t-
a----tccacggccataggactctgaaagcactgcatcccgt-ccgatctgcaaagttaaccagagtaccgecccagt-tagtacc-ac-ggtgggggaccacgcgggaatcctgggtgetgt-gg-t--t-
a----tccacggccataggactctgaaagcaccgcatcccgt-ccgatctgcgaagttaaacagagtaccgecccagt-tagtacc-ac-ggtgggggaccacatgggaatcctgggtgetgt-gg-t--t-

a----tccacggccataggactgtgaaagcaccgcatcccgt-ctgatctgcgcagttaaacacagtgeccgectagt-tagtacc-at-ggtgggggaccacatgggaatcctgggtgetgt-gg-t--t-
g---tggtgcggtcataccagcgctaatgcaccggatcccat-cagaactccgcagttaagecgegettgggccagaa-cagtact-gg-gatgggtgacctecccgggaagtecctggtgecgcacc-c--c-
g----ggtgcggtcataccagcgttaatgcaccggatcccat-cagaactccgcagttaagecgegettgggccageec-tagtact-ag-gatgggtgacctecctgggaagtecctgatgectgcacec-c—--t-
g----ggtgcgatcataccagcgttaatgcaccggatcccat-cagaactccgcagttaagecgecgecttgggttggag-tagtact-ag-gatgggtgacctcctgggaagtcctaatattgcacc-c-tt-



Cost of a history - minimizing over internal states
ACGT

W (subtree) =
minNENucleotides {d(G9 N ) + WN (leﬁ Subtree)} +
Ny, reonides 18 (G, N) + Wy, (right subtree) }

d(C,G) +w(left subtree)

ACGT ACGT




Assignment to internal nodes: The simple way.

A T G C

C C C
A

If branch lengths and evolutionary process is known, what is the
probability of nucleotides at the leaves?

Cctacggccatacca a ccctgaaagcaccccatcceccgt
Cttacgaccatatca c cgttgaatgcacgccatcccgt
Cctacggccatagca c ccctgaaagcaccccatcceccgt
Cccacggccatagga c ctctgaaagcactgcatcccgt
Tccacggccatagga a ctctgaaagcaccgcatcccgt
Ttccacggccatagg c actgtgaaagcaccgcatcccg
Tggtgcggtcatacc g agcgctaatgcaccggatccca
Ggtgcggtcatacca t gcgttaatgcaccggatcccat



Probability of leat observations - summing over internal states

ACGT
P.(subtree) =

N, vevicteoites (P(G = N) x P, (left subtree)} x
E NENucleotides {P(G g N) X PN(rlght SUbtree)}

P(C>G) "P(left subtree)

Initialisation
PG (leaf) = 6leaf,G

ACGT ACGT




Output from Likelihood Method.
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Likelihood: 7.9*10-1* «,$=0.310.18
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2n-3 lengths estimated

Likelihood: 6.2*10-'2 o, =0.34 0.16

In(7.9*10-14) —In(6.2*10-12) is 2 — distributed with (n-2) degrees of freedom



Summary of Models and Phylogenies
Models

* The need for models for models of sequence evolution
» The assumptions of models
* The basic models

» selection and coding regions

Phylogenies
« Enumeration of Phylogenies

« The Basic Principles
Distance
Parsimony
Likelihood



