Computational Molecular Biology and
Bioinformatics
Phylogenetic Analysis

Malay Bhattacharyya

Assistant Professor

Machine Intelligence Unit
Indian Statistical Institute, Kolkata

December, 2021

Malay Bhattacharyya Computational Molecular Biology and Bioinformatics



The theory of evolution

‘WxeEN on board H. M. 8. ‘Beagle’ as naturalist, I was
much struck with certain facts in the distribution of the
inhabitants of South America, and in the geological rela-
tions of the present to the past inhabitants of that con-
tinzt. ¥ ..-.A= pcts see ) to me to ttl.lrow some light
on the|origin of speciesi—that mystery of mysteries, a8 it
has been called by one of our grestt:r;typhilos%sphem. On
my return home, it occurred to me, in 1837, that some-
thing might perhaps be made out on this question by
patiently accumulating and reflecting on all sorts of facts
which could Possibly ave any ing on it. After five
years’ work I allowed myself to speculate on the subject,
and drew up some short notes ; these I enlarged in 1844
into a sketch of the conclusions, which then seemed to me
ﬁrobable: from that period to the ﬁ)resent day I have stead-

y pursued the same object. I hope that I may be ex-
cused for entering on these personal details, as I give
them to show that I have not been hasty in coming to a

decision.

Source: Charles Darwin, On the Origin of Species by Means of
Natural Selection, 1859.

Malay Bhattacharyya Computational Molecular Biology and Bioinformatics



Evolution to phylogeny
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The illustration of species divergence as a tree by Charles Darwin
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Phylogenetics

Phylogenetics is the study of relationships among different groups
of organisms and their evolutionary development.

Phylogeny (also termed as phylogenetic tree) is a diagrammatic

hypothesis of relationships that reflects the evolutionary history of
a group of organisms.
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Basic terminologies

Terminal Nodes

® A

Branches or

Lineages \

Represent the
B p

TAXA (genes,
populations,

C species, efc.)
used to infer

/ the phylogeny
Ancestral Node !
or ROOT of Internal Nodes or E
the Tree Divergence Points
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Basics
00®00

The generic problem

Phylogenetics
Inferring complete ancestry of a set of objects based on knowledge
of their traits.

@ Objects can be — species, genes, cell types, tissue types,
diseases, etc.

@ Traits can be — morphological, molecular, gene expression, TF
binding, motifs, etc.
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The progress in phylogenetics

Elephas AT 70y, Loxodonta
(Asian elephant) /z_j,‘? ) I \ L\‘ Q ié- (African elephant)

L ¥

Mammuthus

Mammut  Stegodon
(mastodon)

Kangaroo ACAGTGACGCCCCAAACGT
Elephant ACAGTGACGCTACAAACGT
Dog CCTGTGACGTAACAAACGA
Mouse CCTGTGACGTAGCAAACGA
Human CCTGTGACGTAGCAAACGA

From morphology data From molecular data
(traditional traits) (modern traits)
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Traditional vs. modern phylogenetics

Traditional phylogenetics

Modern phylogenetics

1. Building species trees

2. Small number of traits (e.g.,
hoofs, nails, teeth, horns, etc.)

3.  Well-behaved traits, each
arose once

1.  Building gene trees and
species trees

2. Very large number of traits
(e.g., every DNA base, every
protein residue, etc.)

3. Frequently ill-behaved traits
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Phylogenetc trees
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Types of phylogenetic trees

Cladogram

Taxon B
Taxon C

Taxon A

Taxon D

Topology only

Malay Bhattacharyya

Chronogram Phylogram
Taxon B 1 Taxon B
Taxon C 3 1 Taxon C
Taxon A 1 Taxon A
‘ Taxon D S5 Taxon D
t1 t2/it3
Topology + Topology +
Divergence times Divergence times +

Divergence rates
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Phylogenetic inference from molecular data

Distance based

Tree building
algorithms

Sequence alignment Pair-wise distance matrix

Character based
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Hierarchical clustering for phylogenetic analysis

Hierarchical clustering seeks to build a hierarchy of clusters.

.pl
pl p2 p3p4
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Phylogenetc trees
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Hierarchical clustering for phylogenetic analysis

Hierarchical clustering seeks to build a hierarchy of clusters.

.pl
p4.

It adopts one of the following two strategies:

pl p2 p3p4

o Agglomerative: A bottom-up approach wherein each vector
is assigned to a separate cluster, and pairs of clusters are
recursively merged as one moves up the hierarchy.

o Divisive: A top-down approach wherein all vectors are

assigned to a single cluster, and it is recursively split as one
moves down the hierarchy.
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Phylogenetc trees
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Linkage methods

The linkage criterion is a function of the pairwise distances that
determines the distance between two vectors (say D; and D) to
be combined.
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Phylogenetc trees
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Linkage methods

The linkage criterion is a function of the pairwise distances that
determines the distance between two vectors (say D; and D) to
be combined.

The different linkage methods used in hierarchical clustering are as
follows:

e single linkage (ming.ep, 4.cp, dist(d;, d;))
o complete linkage (Mmaxy.cp,,d,ep, dist(d;, d;))

@ average linkage (m > d:eDy, 2beD, dist(di, dj)).
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Hierarchical clustering in action

Let us illustrate this step by step with an example.

Step 1:

samples A B (o D E F G
A 0 0.5000 0.4286 1.0000 0.2500 0.6250 0.3750
0 0.7143 0.8333 0.6667 0.2000 0.7778
0.7143 0 1.0000 0.4286 0.6667 0.3333
0.8333 1.0000 0 1.0000 0.8000 0.8571
0.2500 0.6667 0.4286 1.0000 0 0.7778 0.3750
0.6250 0.2000 0.6667 0.8000 0.7778 0 0.7500
0.3750 0.7778 0.3333 0.8571 0.3750
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Hierarchical clustering in action

Step 2:
samples A (B,F) c D E G
A 0 0.6250 0.4286 1.0000 0.2500 0.3750
(B,F) 10.6250 0.7143 0.8333 0.7778 0.7778

C 104286 0.7143 0 1.0000 0.4286 0.3333
D ]1.0000 0.8333 0 1.0000 0.8571
E |0.2500 0.7778 0.4286 1.0000 0 0.3750
G

0.3750 0.7778 0.3333 0.8571 0.3750
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Hierarchical clustering in action

Step 3:
samples (A,E) (B,F) Cc D G
(A,E) 0 0.7778 0.4286 1.0000 0.3750
(B,F) 10.7778 0 0.7143 0.8333 0.7778
C ]0.4286 0.7143 0 1.0000 0.3333
D 11.0000 0.8333 1.0000 0 0.8571
G ]10.3750 0.7778 0.3333 0.8571| 0
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Hierarchical clustering in action

Step 4:
samples (AE) (B,F) (C,G) D
(A,E) 0 0.7778 0.4286 1.0000
(B,F) ]10.7778 0 0.7778 0.8333
(C,G) |0.4286 0.7778 0 1.0000
D |1.0000 0.8333 1.0000 0
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Hierarchical clustering in action

Step 5:

samples (A,E,C,G) (B,F) D
(A,E,C,G) 0 0.7778 1.0000

(B,F) 0.7778 0 0.8333
D 1.0000 0.8333 0

Malay Bhattacharyya Computational Molecular Biology and Bioinformatics



Phylogenetc trees
00000000e

Hierarchical clustering in action

Step 5:
samples (A,E,C,G) (B,F) D
(A,E,C,G) 0 0.7778 1.0000
(B,F) 0.7778 0 0.8333
D 1.0000 0.8333 0
Step 6:

samples (AE,C,G,B,F) D
(A,E,C,G,B,F) 0 1.0000
D 1.0000 0
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Hands-on

© Read the following paper and reproduce its results.

@ Palandacic, A., Naseka, A., Ramler, D. and Ahnelt, H., 2017.
Contrasting morphology with molecular data: an approach to
revision of species complexes based on the example of
European Phoxinus (Cyprinidae). BMC Evolutionary Biology,
17(1), pp.1-17, 2017.

Link: https://bmcecolevol.biomedcentral.com/
articles/10.1186/s12862-017-1032-x.
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