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Finding which gene is which in a set of genomes (orthology)
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Homology: common ancestry
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Original definition of orthology and paralogy by Walter Fitch (1970,
Systematic Zoology 19:99-113):

"Where the homology is the result of gene duplication so that both
copies have descended side by side during the history of an
organism, (for example, alpha and beta hemoglobin) the genes
should be called paralogous (para = in parallel).

Where the homology is the result of speciation so that the history
of the gene reflects the history of the species (for example alpha
hemoglobin in man and mouse) the genes should be called
orthologous (ortho = exact)."
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Corollary:

Orthology definition is purely on evolutionary terms (not
functional, not synteny...)

There is no limit on the number of orthologs or paralogs that a
given gene can have (when more than one ortholog exist, there
IS nothing such as “the true ortholog”)

Many-to-Many orthology relationships do exist (co-orthology)

No limit on how ancient/recent is the ancestral relationship of
orthologs and paralogs

Orthology is non-transitive (as opposed to homology)



Why predicting orthology is important?

* Important implications for phylogeny: only sets of
orthologous genes are expected to reflect the underlying
species evolution (although there are many exceptions)

* The most exact way of comparing two (or more) genomes in
terms of their gene content. Necessary to uncover how
genomes evolve.

* Implications for functional inference: orthologs, as compared
to paralogs, are more likely to share the same function



Classical approach: phylogenetic inference

- Build a gene tree

- Compare to the species tree

- Infer duplications and speciation events

- Assign orthology and paralogy relationships accordingly
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Going genome-wide scale:
Everything must be done automatic and “blind”



Completely sequenced genomes

1925 1985 1997 1968 120 2000 A0 0 003 2004 2006 2006 007 2008 0P



a) Best bidirectional hits

b) COG, MCL-clustering approach
c) InParanoid

d) Tree reconciliation

e) Species-overlap (PhylomeDB)

Gabaldon, T. Genome Biology
(2008)



Similarity-based approaches (many more approaches):

Best Reciprocal Hits
Detects all orthologies as one-to one. Highly affected by

paralogy. Low rate of false positives but high rates of false
negatives.

-The simplest and fastest method, still widely used
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InParanoid

In-Paranoid.
Improved BRH to detect in-paralogs as well. Works well at the
pairwise level. (multi-paranoid for multi-species comparisons



COG-like
(used by many DBs like STRING)

Exploits multi-species information.
Predicts clusters of orthologous
groups (in-paralogs) not all pairs in
a cluster are paralogs.

Can be used at different stringent
levels




How many orthologous groups? 3 at the level of vertebrates, 1 at the level of chordates
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Additional useful definitions

In-paralogs and out-paralogs ([SDhnhammer and koonin): It is defined
relative to a gwen speciation event. In-paralogs are derived from duplications
occurred subsequent to the speciation event and are therefore specific of
one lineage. Out-paralogs are paralogs emerged from duplications occurred
before the speciation. (Important: if you change the speciation events these
relationships change)

Orthologous group (~Orthogroup): Also defined relative to a speciation
event. It is the complete set of genes in one of the lineages formed by a
speciation event. (it includes orthologs and in-paralogs, so not all the genes
in an orthologous group are orthologs to each other)



Methods based on phylogeny where not used at a
large scale due to limitations in computational
power (phylogenetics is costly).

However, these has changed recently, fast
pipelines and algorithms are available:

Ensembl trees, PhylomeDB, TreeFam, etc..



Review

Large-scale assignment of orthology: back to phylogenetics!?
Toni Gabaldon

Bioinformatics and Genomics Program, Center for Genomic Regulation, Doctor Aiguader, 88, 08003 Barcelona, Spain.
Email: tgabaldon@crg.es

Published: 30 October 2008
Genome Biology 2008, 9:235 (doi:10.1 186/gb-2008-9-10-235)

Abstract

Reliable orthology prediction is central to comparative genomics. Although orthology is defined
by phylogenetic criteria, most automated prediction methods are based on pairwise sequence
comparisons. Recently, automated phylogeny-based orthology prediction has emerged as a
feasible alternative for genome-wide studies.




Phylogeny-based methods

« General procedure: reconstruct the evolution of
a gene family (phylogenetics), detect
duplication and speciation nodes and predict
orthology and paralogy accordingly.

« Two main methods for predicting duplication
and speciation nodes from a tree:

- Species tree reconciliation (RO, Ensembl)
- Species-overlap algorithms



Reconciliation with the species tree readily provides you information on
speciation and duplication nodes in a tree

It works when these two assumptions are correct:

A) We know the true species tree

B) The gene tree is correct and reflects the species evolution
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Horizontal gene transfer

Gene
transfe
A B C A B C
(a) (b)

Incomplete lineage sorting

Gene conversion
Hybridization
Introgression

‘i{ Rannala B, Yang Z. 2008.
Annu. Rev. Genomics Hum. Genet. 9:217-31




Uncertainty in species trees and topological variability in gene

trees
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Species overlap to detect duplications and speciations
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The species-overlap algorithm (PhylomeDB) is highly accurate and less affected by
gene tree/ species tree artifacts than tree-reconciliation

Tree reconciliation / species overlap
Marcet-Houben and Gabaldon. PLoS ONE (2009}
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Figure 2. Comparison of different orthology inference algorithms. The synteny based and manually curated orthology predictions available
at YGOB database [18] is taken as a golden set to compute the number of true positives (TP, false positives (FF) and false negatives (FN) yielded by
each method. For each method, the sensitivity S=TP/(TP+FN) and the positive predictive value F=TF/[TP+FP) are computed.
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PhylomeDB is @ public database for complete catalogs of gene phylogenies (phylomes). It allows
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phylogenetic trees and multiple sequence alignments. Moreover, phylomeDB provides genome-wide
orthology and paralogy predictions which are based on the analysis of the phylogenetic trees. The
gutomated pipeline used to reconstruct trees aims at providing a high-quality phylogenetic analysis of
different genomes, including Maximum Likelihood tree inference, allgnment trimming and
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MetaPhOrs

(Meta-Phylogeny-Based-Orthologs)

eggNOG 2.0
evolutionary genealogy of genes: Non-supervised Orthologous Groups

OrthoM CLDB

Ortholog Groups of Protein Seque

Use existing tree repositories Reconstruct trees for orthologous groups

Integrate and use consistency across datasets as a proxy of reliability

result: phylogeny-based predictions across 800 genomes with a confidence score
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Welcome to metaPhOrs

MetaPhOrs is a public repository of phylogeny-based orthology and paralogy predictions that were computed using resources available in seven popular
homology prediction services (PhylomeDB, EnsemblCompara, EgghOG, OrthoMCL, COG, Fungal Orthogroups, and TreeFam). Currently above 306 millions of
unique homologous protein pairs are deposited in MetaPhOrs database. These predictions were retrieved from 705 123 phylogenetic trees for 829

genomes. For each prediction, MetaPhOrs provides a Consistency Score and Evidence Level describing its goodness, together with number of trees and
links to their source databases.

We are keen on extending MetaPhOrs to additional phylogenetic datasets. If you have a specific suggestion of a phylogenetic dataset that is extensive and has
a sufficient quality, please do not hesitate to contact us and we will consider its implementation.

All the data available in metaPhors, can be accessed through our public ftp server.

Comparative Genomics Group at CRG (Barcelona, Spain). | Citation



Functional Implications of
orthology



After duplication: diversify or die (neofunctionalization or subfunctionalization models)
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How confident can we be that
orthologs are similar, but paralogs
differ?
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Functional Simiarity

Figure 1. The relationship between functional similarity and sequence identity for human-
mouse orthologs (red) and all paralogs (blue).
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Comparison of differences in tissue-specific patterns of expression across orthologs
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Figure 1. Potential confounding factors in GO analyses.

A. Authorship bias: average GO Similarity B. Variation of GO term frequency among species
0.0 0.2 0.4 06 i
E 0.8
Same paper S=
% g I 08 g
- Different paper, common author E i 0.4 g
gs
g 02
- Different Authors 3
1]
E e
SRS
C. Variation of background GO similarity D. Propagated annotation bias:
among types of relations (random gene pairs) average GO Similarity
0.10 0.15 0.20 0.0 0.2 0.4 0.8

pasiogs _ . LLLLY

Within=-spec. outparalogs
‘

Uncurated

11 onhulnga

Other ort

Within-spec. non-homologs

Altenhoff AM, Studer RA, Robinson-Rechavi M, Dessimoz C (2012) Resolving the Ortholog Conjecture: Ornthologs Tend to Be
Weakly, but Significantly, More Similar in Function than Paralogs. PLoS Comput Biol 8(5): e1002514.

doi:10.137 1/journal.pchi. 1002514

hitp :/'www.plosco mpbiol. org/article/info:d 0if10.1371/journal .pcbi. 100251 4 P
@ PLos COMPUTATIONAL
N2 BIOLOGY



0.25-

—@— All categories —i— Cellular component
—— Molecular function  —»— Biological process

=
9]
1

0.15

orthologues versus paralogues
=]
= =)
LF.] —
1 1

Excess functional similarity in

=
|

-0.05

L T 1 T ] 7l T
100-90 90-80 80-70 10-60 60-50 50-40 40-30 30-20 20-10

Protein sequence divergence (% identity)

Nature Reviews | Genetics

Gabaldoén and Koonin (2013) Nat. Rev. Gen.



Thanks



	Slide 1
	Slide 2
	Slide 3
	Slide 4
	Slide 5
	Slide 6
	Slide 7
	Slide 8
	Slide 9
	Slide 10
	Slide 11
	Slide 12
	Slide 13
	Slide 14
	Slide 15
	Slide 16
	Slide 17
	Slide 18
	Slide 19
	Slide 20
	Slide 21
	Slide 22
	Slide 23
	Slide 24
	Slide 25
	Slide 26
	Slide 27
	Slide 28
	Slide 29
	Slide 30
	Slide 31
	Slide 32
	Slide 33
	Slide 34
	Slide 35
	Slide 36
	Slide 37
	Slide 38
	Slide 40
	Slide 41
	Slide 42
	Slide 43
	Slide 44

