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Phylogenetic Trees (1)

Distance-based methods
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e Evolution:
— Mutation, selection.

— Speciation. At one extreme, asingle gene
mutation may lead to speciation. [Nature
425(2003)679]

— Phylogeny: evolutionary relation among
species, often represented as a tree structure.
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Question: how to infer phylogeny?
- based on morphological features, as Darwin
did.
- based on molecular features.
¢ Genetrees
 Phylogenetic trees (using 16s rRNA)
« Criteriafor selecting features
— Ubiquitous
— Relatively stable

» Reconciliation between gene trees and species trees
— Orthology genes
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Trees (binary)
— Unrooted vs rooted

<

— Leaves vsinternal nodes

— For an unrooted tree with n leaves
* # of nodes (including leaves) is 2n — 2.
» #of edgesis2n -3
» Can lead to 2n-3 rooted trees, by adding aroot at any
edge.
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How many different configurations can atree

of n leaves have?
— For unrooted tree: (2n-5)!!
Grow trees by adding one leaf at atime

Starting at n = 2, there is only one edge to break.

n = 3, there are 3 edges (previous example)

n =4, thereare5,

(2n-5)
1357 -... (2n-5) = (2n-5)!!

— If weroot these (2n-5)!! Trees, we'll get (2n-3) -(2n-5)!! = (2n-3)!!

Rooted trees.
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UPGMA — unweighted pair group method using
arithmetic averages

Be awarethat it is not always possible to NESTEE.
interpret pairwise sequence similarity Bl oasaa
scores as metric distance. el e :
Distance between two clusters Ci and Cj: PR
d; = (WICIICID Zpa i, q0cj Ghar e
a3 H
»
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Ultrametric: for any triplet (x;, X;, X,), distances d;, dy,, d,; are either all
equal or two are equal and the remaining is smaller.

Molecular clock: two siblings evolve at the same constant rate.

Such regquirements are often not satisfied, and UPGMA trees then will be
not correct.

For example,

k

[1[4][2]3]
Tree reconstructed
incorrectly using UPGMA

Actual tree
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Neighbor-joining:
— Distances are additive.
— Given apair of leaves, determine if they are neighboring leaves
(not necessarily with shortest distance)
— Once we merge a pair of neighboring leaves, how do we compute
the distance between this pair (as awhole, called k) and another
leaf, called m?
Y2 (dip + 0y — dy)
= Y2 (dy + Oy + dy + Ay - Ay - dy )
=Y (dkm + dkm) = dkm'

m
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Without atree, how can we know that if two leaves are
neighbor (when neighbors do not mean shortest distance)?

Saitou & Nei, 1987

Theorem: A pair of leavesi, j are neighboring leavesif D;; =
d; —(r; + 1) isminima,
where
= (U(L[2) 2o di
And L stands for the set of leaves.

Proof: available in the text, but is omitted here.
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Example:

0.1 0.1
0.1

d,=03 D,,=-0.9 o4 o4
d;=05 D;;=-12

d,=06 D,=-11 3 4
dy; =0.6 D,;=-11

d,, =05 D,,=-12

d;, =09 Dy, =-11

r,=07

r,=07

r,=1.0

r,=10
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Pros and Cons of distance-based methods
— Easy to implement, and fast to run
— Robust to minor sequence errors

— Distance-based phylogenetic trees do not
generate ancestral sequences

— Definition of “distance” may be problematic
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