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Orang-Utan Hund Schwein Rind Tapir Pferd

Handskelette von Saugetieren
R Radius éSPeiche]; U Ulna (Elle), A-G, Cc, P knochen des Carpus ?Handwurzel%: A Scaphoideum ’ahnbein?, B Lunare

(Mondbein), € Triquetrum édreiedfiiges Bein), D Trapezium (grofes vieleckiges Bein), E Trapezoides (kleines vieleckiges Bein),
F Capitatum (Kopfbein), G Hamatum (Hafenbein), P Pisiforme (Erbsenbein), Cc Centrale Carpi, M Metacarpus (Mittelhand).
Die Zahlen 1-5 bezeichnen die Finger (1 Daumen, 5 kleiner Finger).
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Orang-Utan Hund Schwein Rind Tapir Pferd

Handslelette von Saugetieren
R Radius éSFEiEhE)‘ U Ulna (Elle}, A-G, Cc, P Knochen des Carpus F—(andwurzel)): A Scaphoideum ?\'ahnheirP, B Lunare
le

(Mondbein), C Triquetrum édreieckiges Bein), D Trapezium (grofes vieleckiges Bein), E Tragezuides ines vieleckiges Bein),
F Capitatum (Kopfbein), G Hamatum (Hafenbein), P Pisiforme (Erbsenbein), Cc Centrale Carpi, M Metacarpus (Mittelhand).
Die Zahlen 1-5 bezeichnen die Finger (1 Daumen, 5 kleiner Finger).

“the same organ in different animals under every variety of form and
function" R. Owan

— organs in two species are homologous only if the same structure
was present in their last common ancestor



Analogous structures:
Similar function but independet origin.

Homologous as forelimbs
But
Analogous as wings



Extension of the concept of homology to sequences:

Two sequences are homologous if they share common ancestry

ARBZ4882
ARBZ4881

AABZ24807
ARBZ4881

TYHMCOFHCRYWVNNHR GEELYECHEREEAF SCPSHLOCHEERQ T GEETHERNQCGEAFPT 60
———————————————————— YECNQCGEAFAQHSSLECHYRTHIGEEPYECHQCGEAFSE 40

EEEE:  KEE: X KKK X CEEEE K EEXXRXER

PHLOYHERTHIGEEPYECHQCGOAF KECSLLORHERTHTGEEPYE -CHQCGEAFAD - 116
H=HLOCHERTHTGEEPYECHOCGRAF SORGLLOFHERTHI GEEPYMAYV INMVEPLHNE 98

KERE X HEXXXXXXERE XXX XH ©  XEERXXXXXXERRXX SR R



Important: Similarity and Homology

Similarity and homology are often confused. e.g. “the sequences
are 50% homologous”, “these two sequences are highly
homologous”

Why is this incorrect? Where does the confusion comes from?



Detour

Sequence similarity, homology detection and blast
database queries

AAHZ248527 TYHMCOFHCRYVNHH S GERLYECHERE FAF SCPEHLOCHEERD IGEKTHEHNQCGEAFET 60
AhBZ4881 000 ---mmmmmmmmmm---—- TECHQCGRAFAQHSSLECHYRTHIGERPYECNQCGEAFEE 40
EEEE:  KEE: X KKK X CEEEE K EEXXRXER
AAHZ4887 PEHLOYHERTHT GEEFYECHQCGOAFEECSLLORHERTHTGERPYE -CHNOCGEAFAD - 116
AAHZ4881 H=HLOCHERTHIGEEPYECNQCGEAF S0HGLLOFHERTHT GEEPYMY INMVEPLHNS Y8
REXE X-REXXXXXXXRE XXX XX+ XEEXXXXXXXEAXXX SR I

Are this two sequences significantly similar?
(i.e how likely is that such an alignment is the result of chance)



}:Ef NP 114344:1] E NADH dehydrogenase subunit 5 [Macaca sylvanus]
Length=e03

GENE ID: B03073 HNDS | HADH dehydrogenase subunit 5 [Macaca sylvanus]
(10 or fewer PobMed links)

Score = 796 bits (2056), Expect = 0.0, Method: Compositional matrix adjust.
Identitiest= 438/564 (77%), Positives = 478/564 (84%), Gaps = 0/564 (0%)

Query 24 VHPNEENSYPHYVESIVASTFITSL FPTTHFH“LEQLV_TEﬁWJWﬂTTQTTQT"'SFWTD B3
+HEPNEE+ YP+HYIVEL FI 5L TI+M L+QE II +WHW TOQT L+LSFELD

sbijct 24 INPNEEALY PNYVETAVMYAFITSLSSTILYMFLNQETITWSWHWNMMTQTLSLTLSFELD B3

Query 8 YFSMMFIPVALFVIWSIMEFSLWYMNSDENINQFFEYLLIFLITMLILVIANNLFQLFIG 143
YFSMMF P+AL TWSIMEFSLWYM+SDENI4+QFFEYLLIFLITMLILVIANNLEQ FIG

Sbhjct YFSMMEFTPIALLTTWSIMEFSLWYMSSDENIDQFFEYLLIFLITMLILVIANNLEQFFIG 143

Query 144 WEGVGIMSFLLISWWYARADANTAATQAVLYNRIGDIGFILALAWFILHSNSWDPQQMAL 203
WEG+GIMSFLLISWW+AR DANTAATQA+LYNRIGDIG IL + WF+LH NSWD QQM

Sbjct (144 WEGMGIMSFLLISWWHARTDANTAATQATLYNRIGDIGLILTMIWFLLHYNSWDFQOMLA 203

Score of a High Scoring Pair (HSP)



‘ Rare amino acids have high weights

Common amino acids have low weights

Positive for chemically similar substitution

BLOSUMG62

Scoring Matrix
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Distribution of scores in comparisons of random*-sequences

+— 0E% of data —

=/ 95% of data

Vi 99.7% of data

* considering the
representation of the
different amino acids
(nucleotides) in a
DataBase




Your score

— 65% of data —

95% of data \

99.7% of data >




The significance of each alignment is computed as a P value
or an E value

Expectation value. The number of different

alignents with scores equivalent to or better than S that are
expected to occur in a database search by chance. The
lower the E value, the more significant the score.

:The probability of an alignment occurring with the
score in question or better. The p value is calculated by
relating the observed alignment score, S, to the expected
distribution of HSP scores from comparisons of random
sequences of the same length and composition as the query
to the database. The most highly significant P values will be
those close to 0. P values and E values are different ways of
representing the significance of the alignment.


http://www.ncbi.nlm.nih.gov/BLAST/tutorial/Altschul-1.html
http://www.ncbi.nlm.nih.gov/BLAST/tutorial/Altschul-1.html

Length of hit and query

Normalized score

/

E=mn2°

E-value (Expectation value)= the number of sequences that
would be expected to have that score (or higher) if the query
sequence were compared against a database containing
unrelated sequences

E-value= ranges from 0 to the number of sequences in the
DB, and depends on the Database!!!



}Iﬂref

NP 114344.1] E HNADH dehydrogenase subunit & [Macaca sylvanus]

Length=

GENE T

603

D: B03075 ND5 | NADH dehydrogenase subunit 5 [Macaca sylvanus]

(10 or

Score
Identi

Query
Sbhict
Query
Shijct
Query

Sbict

fewer PobMed links)

= 786 bits ([20568), Ezxpect = 0.0, Method: Compositional matrix adjust.
ties = 438/564 (77%), Posjrives = 478/564 (84%), Gaps = 0/56% [0%)

VHPﬂ?{ﬂEYPJYTW"T“AS FITSL FPTTHFH“LEQLV_TEﬁWJWﬂTTQTTQT"'SFWTD B3
. ". - FI 5L TI+M L+QE II +WHW TOQT L+LSFELD

84 YFSMMFIPVALEVIWS IMEFSLWYMNSDENINQFFEYLLIFLITMLILVIANNLFQLFIG 143
YFSMMF P+AL IMEFSLWYM+5DPNI+QFFEYLLIFLITMLILVIANNLEQ FIG
g4 YFSMMFTPIALLTTH, EFSLWYMSSDENIDQFFEYLLIFLITMLILVIANNLEQFFIG 143

144 WEGVGIMSFLLISWWYARADAR
WEG+GIMSFLLI
144 WEGMGIMSFLLI

ATOAVLYNRIGDIGFILALAWFILASNSWDPQRMAL 203
W+AR DANTARTGR4LYNRIGDIG IL + WE+LH NSWD QOM
WWHARTDANTART QAT IYNRIGDIGLILTHIWFLLHEYNSWDEFQOMLA

E-value
Coverage over the query



Other aspects in Blast searches

E-value depends on database (specially important when
locally searching in small databases)

Use of Low complexity filtering
Why multiple HSPs in a hit
PSI-Blast, HMMER searches



End of the detour



From homology to orthology

Homologues are sequences derived from a
common ancestor...

What are then orthologues?.... and
paralogues?



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...)

Orthology/paralogy defines a pair-wise relationship between two
genes

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)



HEle e N

% ortnoicdg onelone

Hsapl:Mmusl

m Duplication node Mmusl

m Speciation node between_species_paralog
Mmusl:Hsap2

Hsap2
within_species paralog

HsapZ:HsapZ' Homo sapiens

Hsap2' J\ ortl 10log_many2many
\Hsap2:Mmus2, Hsap2:Mmus2',

z’}l,f:li _-'I|‘.-..II_.; Mmusd, HsapZ''Mmus2

within species paralog

nnt-:-gllres Mmus2:Mmus2' Mus musculus

Hsap3
‘§ IR |'II,'.| one |'|','|"l'r'
l_' .|_| ] I.,."I |l_".-'_:_

.
14 Mmius
- I 1 'I. e

-

Schematic gene tree MH'IUEEJHH'I

containing 2 species
Hsap and Mmus (numbers
point to different genes)

within_species_paralog
Mmus2 iMmus3’
Euarchontoglires



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)



The effect of HGT: Xenology and pseudoparalogy
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Orthology and multi-domain proteins

* Orthology was defined at the level of genes, but this is
not always the smallest level of evolution: domains do
constitute smaller units of evolution, due to gene
fusion/fission and recombination.

Species 1 I
Species 2 _

Species 3 I I




Why predicting orthology is important?

- Important implications for phylogeny: only sets of orthologous genes are
expec}ed tc)> 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



Why predicting orthology is important?

- Important implications for phylogeny: only sets of orthologous genes are
expec}ed tc)> 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

REALLY???, 1S THIS TRUE IF SO, WHY IS THAT?
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Downloads

ACcession, 1erm unology wuanmer Evigence

| GO:0006915 : apoptotic process 10407 gene products biological Iss
Viewintree nrocess With UniProth8:P04637

- GO:0002326 : B cell lineage commitment 34 gene products  biological IEA

Viewintree process L1

TR TR

GC-0007569 : cell aging 878 gene products biological Iss
viewintree process With UniProtkB:P04637

GO:0035690 : cellular response to drug 1521 gene products  biological IEA

viewintree process With Ensembi:ENSPO0OD

GO:0006915 (Apoptotic process)

A programmed cell death process which begins when a cell receives an internal (e.g. DNA
damage) or external signal (e.g. an extracellular death ligand), and proceeds through a series of
biochemical events (signaling pathways) which typically lead to rounding-up of the cell, retraction
of pseudopodes, reduction of cellular volume (pyknosis), chromatin condensation, nuclear
fragmentation (karyorrhexis), plasma membrane blebbing and fragmentation of the cell into
apoptotic bodies. The process ends when the cell has died. The process is divided into a signaling
pathway phase, and an execution phase, which is triggered by the former.



DNA metabolism
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Do orthologs have more similar GO terms than paralogs?



Functional Similarity

Figure 1. The relationship between functional similarity and sequence identity for human-
mouse orthologs (red) and all paralogs (blue).
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Nehrt NL, Clark WT, Radivojac P, Hahn MW (2011) Testing the Ortholog Conjecture with Comparative Functional Genomic Data
from Mammals. PLoS Comput Biol 7(6): €1002073. doi:10.1371/journal.pcbi.1002073

http://www.ploscompbiol.org/article/info:doi/10.1371/journal.pcbi.1002073
@ PLOS COMPUTATIONAL
Nz ) BIOLOGY



Figure 1. Potential confounding factors in GO analyses.

A. Authorship bias: average GO Similarity B. Variation of GO term frequency among species
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D. Propagated annotation bias:

C. Variation of background GO similarity
average GO Similarity

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

doi:10.1371/journal.pcbi.1002514
@ PLOS COMPUTATIONAL
R BIOLOGY

http://www.ploscompbiol.org/article/info:doi/10.1371/journal.pcbi.1002514



Orthologs do tend to have a more similar function because
duplications promote functional divergence.

However, orthologs do also may vary their functions with time.




A) B) C)

O o [
human_A mouse A  human_B mouse_B human_A mouse_ A  human_B mouse_B human_A mouse A  human_B mouse_|
A A A A A A A A A A A A
ortholoas ortholoas Intra-species paraloas Inter-species paraloas

Comparison of differences in tissue-specific patterns of expression across orthologs
and paralogs.

Evidence for short-time divergence and long-time conservation of tissue-specific expression after
gene duplication.

Huerta-Cepas J, Dopazo J, Huynen MA, Gabaldon T.

Brief Bioinform. 2011 Sep;12(5):442-8. doi: 10.1093/bib/bbr022
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