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Overview

e Why trees?
e Phylogenetic trees

e Whole genome trees

— MLST

— Phylogenomics and Super-trees
— Sequence statistics trees

— Gene content trees

e Pan-genome tree
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Why trees?

e Reconstructing evolutionary history

— "In biology nothing makes sense except in the light of evolution”
— The Tree of Life
— Phylogenetic trees
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e Graphical display of similarities
— “Similarity” may have nothing to do with evolution
— Clustering dendrograms
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Phylogenetic trees

e The objects we want to study are
called Operational Taxonomic Units
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(OTU)
e The tree describes the evolutionary
relation between the UTOs \
e Each OTU is a leaf in the tree Douj = Fox s’ Bear Tiger s 1eion

e The length of the edges reflect
evolutionary distance
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Ways of construction

e Maximum parsimony

— Given some observations, we look for the simplest possible tree to explain
the data

— Simplest possible means as few evolutionary changes as possible
e Maximum likelihood

— Requires a probabilistic model for evolutionary changes (PAM)

— We get a likelihood function value for every tree, given the data

— Search through "all” possible trees to find the maximum likelihood tree
e Distance based methods

— Compute distance table
— Tree-constructing algorithms: UPGMA, Neighbor joining, Fitsch-Margoliash...
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The classical approach

e Classical phylogenetic trees for prokaryotes is based on the 16S
RNA sequence
— Found in all prokaryotes
— Slow divergence, provides a look into ancient history
— Resistant to horizontal transfer
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e BUT

— Only useful for separating highly diverged species

— How likely is it that the evolution of an organism (genome) is reflected in one
single gene?

Example
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Multi Locus Sequence Typing (MLST)

e Based on a set of (usually 7) "housekeeping” genes

— All strains within a species have these genes, but with some variation
e Each sequence type of each gene is numbered 1,2,3,...

— The numbers do not reflect how many/big mutations we observe

e Each genome has a sequence of 7 digits
=, Genome 17, (25654, 3,351,9)
=3 GONBIREP 20 0397, 4. 928 3 B %
—=_Genamerie ©16.5, % 916 B LAY

e Distance between genomes = Hamming distance
H(1,2) = Number of different sequence types

www.umb.no
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Graphical display — star-shaped trees
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Phylogenomics and Super-trees

e Select a number of genes conserved in the population
e Construct a phylogenetic tree for each gene
e Merge the trees into a super-tree for the entire genome
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Alternative approach

e Build one “super-alignment” for the conserved part of the
genome

e Construct tree more or less according to classical approaches
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Trees based on sequence statistics

e Compare genomes by counting

— GC-content

— dinucleotide frequencies
— Codon usage

— Codon bias
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e Alignment free approach
e Use the entire genome sequences, not only the conserved parts

e Difficult to interpret, especially in an evolutionary context
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Gene-content trees

e Compare genomes by gene content

e We need a list of gene families present in each genome

— Genome 1: (gfaml, gfam2, gfam3, gfam4, gfam5,...)
— Genome 2: (gfaml, gfam2, gfam4, gfam7, gfams,...)

e Jaccard distance between genome 1 and 2

J(1,2) = 1 — [number of gfams present in both]/[total number of unique gfams in both]

www.umb.no
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Other approaches

Gene Order

Korbel et al.(41)
Wolf et al. (73)

Gene Content

Tekaia et al. (67)
Yang et al. (74)

Clarke et al. (13)
Huson and Steel (34)
Korbkel et al. (41)
Snel et al. (62)

Wolf etal. (73)

Fitz-Gibbon and House (23) J

Alignment-free

Otu et al. (52)
Qi et al. (56)

ANNOTATED GENOMES

Average sequence similarity

Clarke et al. (13)
HOMOLOGY RELATIONS Grishin et al. (28)

Henz et al. (31)

—  Wolfetal. (73)
HOMOLOGOUS GROUPS

ORTHOLOGOUS GROUPS

1:1 & UBIQUITOUS FAMILIES

Phylogenomics

Brown et al. (9) Daubin et al. (14)
Lerat et al. (43)

Rokas et al. (58)

Wolf et al. (73)

Figure 1

Classification of genome tree reconstruction methods. The genome tree publications are put in the
context of the genomic property used to construct the tree. A paper that contains trees constructed with
different methods is displayed in all the appropriate contexts. The amount of data available to construct a
tree decreases from top (annotated genomes) to bottom (1:1 and ubiquitous families). “1:1 families”
means gene families with a single copy in each genome.

Snel et al (2005), Annu. Rev. Microbiol, 59:191-209
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Pan-genomes

e The pan-genome of a species (genus) is the set of unique gene
families found in at least one genome within the population

e In a pan-genome context genes are
classified as

— Core genes: Always present in all
genomes (few) RERETE
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— Shell genes: Usually present in most Cloud
genomes (many) 4

— Cloud genes: Rarely present (HUGE ;
pool) g

~< -
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The pan-matrix
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Gfam1 1 1 0 1 0
Gfam2 1 1 0 0
Gfam3 1 1 1 1 1
Gfam4 1 0 1 0
Etc... 1 0 0 0 0

e Distance between genomes

D(1,2) = [number of gfam-wise differences]/[total number of gfams]

e NOTE:

— Shared absence is just as important as shared presence
— Core genes have no impact at all
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Weighted distances

e Down-weighting less important genes

— ORFans
— Cloud genes
— Shell genes
S _
PR
Q@
E
8
o
“6 r ..
o
E 84
=z o
o | _DDDDEDED:EED_

1

29 35" Aa S u N GESTANE N0 11 13

Number of genomes

1.0

0.8

0.6

Weights
0.2 0.4
|

0.0

www.umb.no

Ll

i P R e S G B 6 R 7 e S Bl

Number of genomes

13



The pan-genome tree

e Display of similarity in gene content inside pan-genomes

e Possibly weighted to emphasize parts of the pan-genome
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Streptococcus pangenome tree

gordonil str Challis substr CH1

sanguinis SHIG

preeumonias P1031

pneumoniae Tamwan18F-14

pneumoniae D38

pneumoniae G54

pneumoniae TIEES
preumoniae ATCC TO0GGS

* preumoniae JJA

preumoniae CGSP14

preumoniae TIGR4

pneumonias Hungary184A—6

suis SC84
4@ suis P17
71 suis BM4OT

suis BAHAHI

suis EZYH33

thermophilus CHREZ 1066

100

* thermophilus LMG 18311

thermophilus LMD-0

mutans LA 150
pyogenes MGASS00S
pyogenes MGASB420

pyogenes MGAS200G6
pyogenes MGAS10270
pyogenes MGASE180

100

pyogenes MGAS10TS0
pyogenes str Manfredo
78 pyogenes MGASEZ32
pyogenes 551-1
pyogenes MGAS315
pyogenes MGAS10384

100

= pyogenes M1 GAS

dysgalactiae subsp equisimilis GGES5 124

100 fog Lo

equi subsp zocepidemicus

equi subsp zocepidemicus MGC510565

equi subsp equi 4047

* uberis 0140J

agalactiae NEM316

ah

agalactiae ABDE

agalactiae 2603V R

015

[ [
010 0.05

Relative manhattan distance

I
0.00



