Rooted Phylogenetic Tree

Introduction to Phylogenetics

Part 1 Human| |Rabbit Mouse - -

Dirk Husmeier
Biomathematics and Statistics Scotland
at the Scottish Crop Research Institute .

Invergowrie, Dundee DD2 5DA, UK Time
Email: dirk@bioss.ac.uk
http://www.bioss.ac.uk/~dirk

Unrooted Phylogenetic Tree Inferring Phylogeny from Pairwise Distances

Human ... TGT A TCGCTZC
Rabbit ... TGT G TCGCTC
Human TGT ATCGCTC
Chicken ... A GT C TCG T TC

--> Topology
--> Branch lengths Rabbit ... T GT G TCG C TC
Chicken ... A GT C TCG T TC
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Inferring Phylogeny from Pairwise Distances Genetic Distance

e Naive distance measure: Hamming distance dy =
Proportion of sites at which the two sequences differ.

H L” I lan e Poor measure of the actual number of evolutionary changes, as a site can
10 undergo repeated substitutions .
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Multiple Hits and Reversals Observed and Expected Genetic Distances

Single substitution Coincidental substitution  Parallel substitution Sequence distance

1 change, 1 difference 2 ch ) 1 diff 2 changes, no difference .
cranges, - ciference Expected distance
A A A Observed distance
Multiple substitution Back substitution
2 changes, 1 difference 2 changes, no difference
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< < Observed distance:  dy(t — o0) = 3/4
\ \ Corrected distance: d = —31n(1 — 3dy)
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Inferring Phylogeny by Clustering: UPGMA Inferring Phylogeny by Clustering: UPGMA

Definition
Distance d4p between clusters A, B from individual distances d,, : . .
1 1 2
dAB = T Dl dab
A5 2 2
\Igorithm
nitialization o .5
e Assign each sequence ¢ to its own cluster C;. Define one leaf for each sequence, and 3
place at height zero. o
4
teration

o Determine the two clusters i, j for which d;; is minimal.
o Define a new cluster ), = C; U C}
o Define a new node k with daughter nodes i and j, and place it at height d;;/2.

e Add k to the current clusters and remove i and j.
[ermination

® When only two clusters ¢, j remain, place the root at height d;;/2.

Inferring Phylogeny by Clustering: UPGMA Inferring Phylogeny by Clustering: UPGMA
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Inferring Phylogeny by Clustering: UPGMA Inferring Phylogeny by Clustering: UPGMA
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Limitation of UPGMA: Ultrametric Trees Neighbour Joining: Corrected Distances
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| Definition of corrected ‘distance”: D;; = d;; — d; — Jj
3 Average distance to all other leaves: d; = ‘L‘172 > orer ik

4 1 2 3 4 di = %(0.3+0.6+0.5) =0.7=ds

1 _
dy = 5(05+06+09) = L0=d,
Dy = do—d —dy=03-07-07=—1.1
D13 = d13 — Jl — Jg =05-07—-10=-12< Dlg




Tree Metric Inferring Phylogeny by Clustering: Neighbour Joining

Non-negativity:  dg, > 0

symmetry:  dgy = dpg

distinctness:  dg, = 0 if and only if a = b. " n
[riangle Inequality:  di; < diy, +diy — dij = dij. + dy; J
i din = d7l + dk:n
djn = djk + dk:n
k n = 2dkn = dm + djn - d7k - dk:j
: 1
] = dkn = §<din + d]n - dij)
din = dz’ d‘n N
s Iteration
djn = djk +d/m
= Uy = dip + djy — di, — dy e Find pair of node (7, j) that minimize D;;.
= d, = %(dm +dj, — dy) e Replace (i, j) by new node k with new distances:

dkn = %(dm + djn - d??j)

Application of Neighbour Joining Shortcomings of Distance and Clustering Methods

Human Chimp Gorilla Orang-utan Gibbon e Loss of Information

Human - 00919  0.1083  0.1790 0.2057 | Sequences Distances

Chimp 00019 - 01134  0.1940  0.2168

Gorilla 0.1068 01151 - 0.1882 0.2170 % X;&'%—{-{-ﬁﬁ%% — = 2|3

Orang-utan 0.1816  0.1898  0.1893 - 0.2172 3[AAAAATACG 3(54

Gibbon 02078 0.2160  0.2155 02172 - 4/AAAAAATCG 4|542
Right: Observed distances. Left: Distances estimated from tree. 123

Chimpanzee e Uninterpretable branch lengths
— dif < d%* biologically impossible
— Occasionally even d* < 0

Human

0.05008

0.04182 .
0.00769 Gibbon
0.03654
0.05728 0.12170 o o |
e The method does not optimize an objective function
Gorilla 0.09550 Clustering methods merely produce a tree, but do not allow us

— to evaluate the quality of the tree

— to evaluate competing hypotheses
Orang-utan




