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INTRODUCTION



What is orthology?
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Homology = share ancestry

Ortholog = separated by speciation event
Paralog = separated by duplication event

Fitch W. (1970)
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What is orthology?
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speciation -> ORTHOLOG
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What is orthology?
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What is orthology?

Encephalitozoon intestinalis Encephalitozoon hellem Encephalitozoon cuniculi
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Why orthology important?
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Doolittle J. M. and Gomez S. M. (2011)

protein-protein interaction
analysis

CHOOSE GENE(S) OF INTEREST

v

IDENTIFY HOMOLOGS

.

ALIGN SEQUENCES

v
CALCULATE GENE TREE

v

OVERLAY KNOWN
FUNCTIONS ONTO TREE
protein

INFER LIKELY FUNCTION f I
OF(‘-:'J\T-(S)(I’ INTEREST u n Ct I O n

prediction

Eisen J. A. (1998)
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OTHOLOGY PREDICTION METHODS



BLAST-based approaches
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Trachana K. et al. (2011)

comparison

comparison

Reciprocal Best Hit
InParanoid

OrthoMCL

COG (Cluster of Orthologous Groups)
eggN oG (evolutionary genealogy of

genes: Non-supervised Orthologous Groups)

o
)
-
L
o
[y
o
(9]
<
v
X
m
=
0
=
®)
2
m
|
-
o
O
wv




BLAST-based approaches

Reciprocal Best Hit

comparison
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BLAST-based approaches

OrthoMCL: use All-vs-all BLASTp and cluster BBHs using Markov model

COG, eggNOG: identify three-way BBHs in 3 different species and merge
triangles that share a common side.

OrthoMCL

COG (Cluster of Orthologous Groups)
eggN oG (evolutionary genealogy of

genes: Non-supervised Orthologous Groups)

Multi-species
comparison
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Tree-based approaches

Family tree

Species tree

Trachana K. et al. (2011)

TreeFam
PhylomeDB
EnsemblCompara
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EXAMPLE



Orthology prediction using InParanoid

Dataset A | Dataset B |




Orthology prediction using InParanoid
( Dataset A |<:> Dataset B | ) All-vs-all Blast search
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Pairwise sequences
A-A, A-B, B-A, B-B




Orthology prediction using InParanoid
C Dataset A |<.:> Dataset B | ) All-vs-all Blast search

Pairwise sequences
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Orthology prediction using InParanoid

( Dataset A |<:> Dataset B | ) All-vs-all Blast search

Pairwise sequences
A-A, A-B, B-A, B-B

Find potential seed orthologs
& add in-paralogs




Orthology prediction using InParanoid

C

Dataset A | ——

Dataset B | ) All-vs-all Blast search

Pairwise sequences
A-A, A-B, B-A, B-B

Find potential seed orthologs
& add in-paralogs

Resolve overlapping groups




Orthology prediction using InParanoid
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InParanoid: ortholog groups with inparalogs

273 organisms: 3718323 sequences
Version 8.0, Updated December 2013 (redesse notes)

BROWSE the database - Select two species and view all their orthologs

SEARCH BY SEQUENCE 1Ds - View orthologs of a specific gone of protein

TEXT SEARCH - Query InParanosd by keywords

BLAST SEARCH - Find orthologs in InParancid similar 1o your protein sequence

DOWNLOAD DATA - Obtain tables, haml, orthoXML, sequences and core data

SUMMARY OF INPARANOID - Statistics of the database and genomes used

ORTHOPHYLOGRAM - Phylogenetic tree based on the average fraction of InParancid orthologs between species,

Stand-alone InParanoid Program
[nParanoid Version 4.1 is avallable hee

“SBC:  Stocknoim Bieinformatics Centre 2013, Supported by BILS [REAERE

http://inparanoid.sbc.su.se/cgi-bin/index.cgi




Orthology prediction using InParanoid

InParanoid: ortholog groups with inparalogs

273 organisms: 3718323 sequences
Version 8.0, Updated December 2013 (redesse notes)

BROWSE the database - Select two species and view all their orthologs

SEARCH BY SEQUENCE 108 - View orthologs of 3 specific gene o protein

TEXTY SEARCH - Query InParancsd by keywords

BLAST SEARCH - Find orthologs in InPFarancid similar 1o your protein sequence

DOWNLOAD DATA - Obtain tables, haml, orthoXML, sequences and core data

SUMMARY OF INPARANOID - Statistics of the database and genomes used

ORTHOPHYLOGRAM - Phylogenetic tree based on the average fraction of InParancid orthologs between species,

Stand-alone InParanoid Program
[nParanoid Version 4.1 is avallable hee

“SHC S Stocknoim Beinformatics Centre 2013, Supported by BILS [REARRE

Orthology serach for particular gene




Orthology prediction using InParanoid
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BLAST Align Retrieve/ID Mapping i
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Q5T4S7 - usra_HumAN |Il|’al'al|0|l|8 .. \ “F=g,) [ o
Proten | €3 ublauitin-protell e/ | OriNolog Groups with inparalogs \ AT

Gene UBR4

Home
Organism Homo saplens (Human,

Browse | Gene search | Text search | Blast | Downloads | Previous version | Summary | FAQ | Help

Status | N Reviewed - 9998

Gene search

3> Enter a Gene/Protein identifier: CsT4s7]
ar
genest
Select ID type: |

O Search all species
Limit the search to the following species:

Orthology serach ncarms e
for particular gene i siphato

Exclude inparalogs scoring below: 0.05 Sendcen




Orthology prediction using InParanoid
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® Ortholog Groups with Inparslogs ‘ o . .0

ot | Browse | Gene search fext search |

Searching all species for the proteinid QST4S7 excluding iIngaralogs scoring below 0.05

Inparsiog and Orthologs cluster for Homo saplens and Cricetulus griseus

Cluster 11

. Protein 1D | Spedies . Score  Bootstrap Description ; Alternative 10
QSTAS? [Homo saphens 1 100% 3 Ubgutin-proten igese UBR4A UBRA_HUMAN (UsiProt)
G31905 Cricetulus griseus 1 100% E3 ubguitin-proten Igase UBR4 G31905_CRIGR (UniProt)

Inparalog and Ovthologs cluster for Homo saplons and Heterocephalus glaber

, Protein 1D | Specios ~ Score . Bootstrap Description ] Alternative 10

QSTAS? [Homo sapiens ] 100% 1) UBgutin proten Lgase UVIR4 UIRA_HUMAN (UniProt)

GSDZIMO Heterocephalus | 100% ) Wngutin-proten hgese UOR4 GHBZMO_METGA (UniProt)
'qbbt"

Inparsiog and Orthologs cluster for Homo sapiens and Acrommyrmes echinstion

. ProteinID Species . Score | Bootstrap Description ] Alternative 1D

QST4S7 Homo sapiens 1 100% £3 vgutin-proten igese UBR4 UBR4A_HUMAN (UnProt)

FAWKS3 Acromyrmex 1 100% Protein purity of essence FAWKS3_ACREC (UniProt)
echinatior

Inparalog and Orthologs cluster for Homo sapiens and Camponotus Nondanus

]
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. ProteiniD Species  Score  Bootstrap Description 1 Alternative 10

QST4S7 |Homo sapiens 1 100% 3 ubiquitin-protein igase UBR4 JUBRS_HUMAN (UniProt)

E2AZ34 Camponotus 1 100% Proten purty of essence E2AZ34_CAMFO (UniProt)
fondanus

Orthology serach for particular gene




Orthology prediction using InParanoid
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InParanoid: ortholog groups with inparalogs

273 organisms: 3718323 sequences
Version 8.0, Updated December 2013 (redesse notes)

BROWSE the database - Select two species and view all their orthologs

SEARCH BY SEQUENCE 1Ds - View orthologs of a specific gone of protein

TEXT SEARCH - Query InParanosd by keywords

BLAST SEARCH - Find orthologs in InParancid similar 1o your protein sequence

DOWNLOAD DATA - Obtain tables, haml, orthoXML, sequences and core data

SUMMARY OF INPARANOID - Statistics of the database and genomes used

ORTHOPHYLOGRAM - Phylogenetic tree based on the average fraction of InParancid orthologs between species,

Stand-alone InParanoid Program
[nParanoid Version 4.1 is avallable hee

“SBC:  Stocknoim Bieinformatics Centre 2013, Supported by BILS [REAERE

Browse for all ortholog groups between 2 species




Orthology prediction using InParanoid

Browse the database

Choase two spedies
Homo sageers H wasmscwn B 9 B Seos

Tep Stockhoim Bioinformatics Centre 2013, Supported by BILS

Browse for all ortholog groups between 2 species




Orthology prediction using InParanoid
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Inparalog and Orthologs clusters for Homo saplens and Mus musculus (In total 16785)

L et | e |
S previious *© feal »
Chuster 91
Frutuin 1D | Npusine C Beurw 0 Besisbrep Duntriptinn Allwrnative 1D
QRWXKD 1aemn sapinns | 100% (rymein hoavy chan 7, asonamal OYHT HUMAN (UniPren)
LINLYD MU musculuy \ 100% Proton (inahe 1o LINIYO MOUSE (Unrot)
Q0T Mus Muscuiue 0.5 MOtew Dnanc/a FUQOTE_MOURE (Ui
Chuster 82
Prodein 10 LUCTE - Newrw 0 Beoksbrap Duneriptinn Alternative 1D
OO {1} sapions Ul 100 rosocadhann fat 2 FATZ IRIMAN (Lniivot)
QW e Mus MUsCUIE 1 100% Motocadnann fat 2 FATE_MOUSE (Uviror)
Chuster %)
Frutuin 1D | Npusine o Meurw L Beoksbrep Dustriptiun Allwrnative 1D
Wi 18 sapinne | 100w Fibrneywsain | PREL L HUMAN (Unirn )
QN0 ZAS IMus musculus \ 100% beocymin.| PO MOUSE (Unsvot)
T —
Frotein 1D | Npucion L Neare L Beotstrep Duscription Alternative 1D
A0 P sapiune | 100% Fpiprakin IS HUMAN (\eirul )
ST Mus muscilue | 100 Fpipakin FUUS MOUSE (Unitros )
T —
Frotein 1D | hpocies L Neore L Reotatieg Doscription Altarnative 1D
202104 R T TS I 100% Hatune lysing Nomuthyitransforase ML MLLL_HUMAN (Uniftred)
P8 200 Mus museulus | 100 Mtone lysing Nomatbrgitransturase ML UL MOLSE (\Weiyot )

Browse for all ortholog groups between 2 species




Orthology prediction using InParanoid

. InParanoids 2 ',
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Inparalog and Orthologs clusters for Homo saplens and Mus musculus (In total 16785)
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Browse for all ortholog groups between 2 species




EXERCISE



Orthology prediction using InParanoid
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Cladonia grayi
S
Saccharomyces cerevisiae




