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What is orthology?

How does one delineate orthology?

What does OrthoDB offer?

Understanding the definitions

Getting to grips with the methodologies

Using orthology in your research
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What is orthology?

Homology

Orthology
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What is orthology homology?

Homology

“designates a relationship of  common descent 

between any entities, without further 

specification of  the evolutionary scenario”
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Homology

www.OrthoDB.org

What is orthology?

“genes originating from a single ancestral

gene in the last common ancestor of

the compared genomes”

Orthology
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Orthology

Homology

www.OrthoDB.org

What is paralogy?

“paralogs are

genes related via duplication”

Paralogy
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What are homologs, orthologs, paralogs?

Common Ancestor

Paralogs Orthologs

Homologs

Speciation

Event

Duplication

Event

©
 R

o
b

er
t 

M
. W

at
er

h
o

u
se



www.OrthoDB.org

Orthology: a simple scenario

Last Common Ancestor
(LCA) of all 6 species

Frog gene

Duck gene

Rat gene

Mouse gene

Chimp gene

Human gene

Speciation Events

Single-Copy Orthologs
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Orthology: evolution ≠ a simple scenario 

Duck gene

Last Common Ancestor
(LCA) of all 6 species

Frog gene

Rat gene

Mouse gene

Chimp gene

Human gene

Speciation Events
AND: Gene Loss Events

Single-Copy Orthologs with Losses

©
 R

o
b

er
t 

M
. W

at
er

h
o

u
se



www.OrthoDB.org

Orthology: evolution ≠ a simple scenario 

Duck gene

Last Common Ancestor
(LCA) of all 6 species

Frog gene

Rat gene

Mouse gene

Chimp gene

Speciation Events

AND: Gene Loss Events
AND: Gene Duplication Events

Single-Copy Orthologs with Gains

Human gene 1
Human gene 2

Human gene 1 & 2 = paralogs
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Orthology: evolution ≠ a simple scenario 

Duck gene

Last Common Ancestor
(LCA) of all 6 species

Frog gene

Chimp gene

Single-Copy Orthologs with Gains

Human gene 1
Human gene 2

Rat gene 1
Rat gene 2

Mouse gene 1
Mouse gene 2

Speciation Events

AND: Gene Loss Events
AND: Gene Duplication Events

Rat gene 1 & 2 = paralogs

Mouse gene 1 & 2 = paralogs
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What is orthology?

Homology
Recognizing similarities as

evidence of shared ancestry

Orthology
Orthologues arise by vertical

descent from a single gene 

of the last common ancestor

Hierarchy
Orthology is relative to 

the species radiation

under consideration

Orthologous Groups
All genes descended from single

gene of last common ancestor
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www.OrthoDB.org

What orthology is NOT!

Orthology & Paralogy

… are concepts defined by evolutionary scenarios …

there is nothing in this definition that refers to gene function!

… nevertheless …

Homology refers to common decent, and so generally:

just as the sequences themselves are inherited

so too can the biological functions of the encoded proteins

Orthology ≠ Function
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www.OrthoDB.org

“a crucial property of  orthologs, which is

both theoretically plausible and empirically

supported, is that they typically perform equivalent 

functions in the respective organisms”

Orthology ≈ Function

“As in the case of  orthology, the definition of  

paralogy does not refer to biological function, but 

there are major functional connotations. Generally, 

paralogs perform biologically distinct, even if  

mechanistically related, functions.”
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What is orthology?

How does one delineate orthology?

What does OrthoDB offer?

Understanding the definitions

Getting to grips with the methodologies

Using orthology in your research

©
 R

o
b

er
t 

M
. W

at
er

h
o

u
se



www.OrthoDB.org

How does one delineate orthology?

Frog

Duck

Rat

Mouse

Chimp

Human

Frog

Duck

Rat

MouseChimp

Human

Methods Mol Biol. 2012;855:259-79
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www.OrthoDB.org

How does one delineate orthology?

Frog

Duck

Rat

Mouse

Chimp

Human

Methods Mol Biol. 2012;855:259-79

Tree Reconciliation

Incongruences between gene 

and species trees can be 

explained in terms of 

speciation, duplication, and 

loss events on the gene tree

Most methods rely on 

parsimony - the most likely 

reconciliation is the one which 

requires the least number of 

gene duplications and losses
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How does one delineate orthology?

Frog

Duck

Rat

MouseChimp

Human

Methods Mol Biol. 2012;855:259-79

Graph Clustering

Graph construction by mapping 

all pairwise gene homologies

Genes are nodes on the graph 

connected by edges reflecting 

their ‘evolutionary distances’

Clustering then considers all 

pairwise information to build 

orthologous groups
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How does                   delineate orthology?

A) Select longest protein-coding transcript from genes with alternative transcripts

B) Remove near-identical proteins from each gene set (97% identity)

Gene Set RepresentativesFiltered

Input for

clustering

Saved for

later
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How does                   delineate orthology?

A) All-against-all Smith-Waterman pairwise alignments

B) Define Best-Reciprocal-Hits BRHs: between proteins from species A & B

Species A Species B

BRH 

No BRH 

BRH 
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www.OrthoDB.org

How does                   delineate orthology?

A) Build BRH TRAINGLES: start with highest-scoring BRHs and move down the list

B) BRH TRIANGLES at e<1e-3 cut-off & >20aa alignment overlap

Species A

Species B

Species DSpecies C

A

B

D

C

E

F
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www.OrthoDB.org

How does                   delineate orthology?

BRHs connected to triangles, but which don’t form triangles themselves

=> join clusters with e<1e-6 cut-off & >20aa alignment overlap

A

B

D

C

E

F

G
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How does                   delineate orthology?

A) PARALOGOUS GROUPS: within-species homologs in different clusters

B) If the within-species homolog scores are better than the within-cluster BRH 

scores, the paralogous cluster can be merged into the main cluster

A

B

DC
E

F

G

A’

B’

C’

A’

B’
C’

A
B
C

D

E

F

G
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www.OrthoDB.org

How does                   delineate orthology?

A) Consider within-species homologs that DID NOT get clustered (singletons)

B) If the within-species homolog score is better than within-cluster BRH scores,

the singleton is added to the cluster as a paralog

C) Also the near-identical proteins that were initially excluded from clustering

A

B

D

C

E

F

G

E’A’
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www.OrthoDB.org

How does                   delineate orthology?

Real data are COMPLEX, e.g. 

cases of DIFFERENTIAL GENE LOSS

Prevent cluster merges where

WITHIN-cluster connectivity is much

stronger than BETWEEN-cluster

connectivity

Real example:

POP3 missing from 10 vertebrates

POP2 missing from 4 vertebrates

©
 R

o
b

er
t 

M
. W

at
er

h
o

u
se



www.OrthoDB.org

How does                   delineate orthology?

Pairwise Relationships
 All-Against-All Alignments

 Delineate Best-Reciprocal-Hits

Core Clusters
 Progressive BRH Triangulation

Extended Clusters
 Add Pair-Only BRHs

 Add Paralogous Groups

 Add Paralogs
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What is orthology?

How does one delineate orthology?

What does OrthoDB offer?

Understanding the definitions

Getting to grips with the methodologies

Using orthology in your research
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Orthology @

Species Coverage:

 3663 Bacteria

 435 Archaea

 3139 Viruses

 588 Eukaryota

 227 Fungi

 31 Plants

 330 Metazoa

• 133 Arthropoda

• 172 Vertebrata

Access:

 Web browser

 JSON API

 Data downloads

 Software package
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Orthology @

i5K species adding to the diversity of sampled lineages!
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Using                   in your research
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www.OrthoDB.org

Using                   in your research

Main entry points for browsing orthology data:

TEXT SEARCH SEQUENCE SEARCH
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www.OrthoDB.org

Using                   in your research

Phyloprofile filtering of text-search results:

PRESENCE SINGLE-COPYNESS
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Using                   in your research

Select species of interest …

1) Select species from the tree

2) Select nodes from the tree

3) Search species names to select
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Using                   in your research

Selection tree expands and selected species marked

‘Species to display’ panel now 

shows only selected species
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Using                   in your research

Search for a term, e.g. immunity

NB: ‘Search at’  is now set 

automatically to the last 

common ancestor level of 

all the species you selected

You can choose older one:

Autocomplete with counts 

of cached terms shown
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Using                   in your research

10 orthologous groups returned
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www.OrthoDB.org

Using                   in your research

1. Drag the Bookmarklet link to your toolbar to be able to quickly and 

easily conduct future searches at this level
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www.OrthoDB.org

Using                   in your research

2. Get ALL protein sequences (FASTA format) from the selected species for 

ALL 10 of the search result orthologous groups
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Using                   in your research

3. Get ALL gene/protein information of the genes from the selected 

species for ALL 10 of the search result orthologous groups
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Using                   in your research

Super Short

Summary Info

Summary

Gene &

Species

Counts
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Using                   in your research

Expanded PGRP orthologous group
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Using                   in your research

Expand …
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Using                   in your research

Expanded gene annotation (incl. search term)
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Using                   in your research

Use HELP page to learn about OrthoDB features
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Using                   in your research

Programmatic data access: using the API

www.orthodb.org/?page=api
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www.OrthoDB.org

Using                   in your research

Programmatic data access: using the API

wget -O myogs.txt "http://www.orthodb.org/v9.1/search?

level=33392&species=7165,7227,7460,7091,7070

&query=immunity"

Web-get into output file ‘myogs.txt’

Use OrthoDB’s search mode

Which level to search and which species to return?

What query term or phrase to search for?
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Using                   in your research

Programmatic data access: using the API

wget -O myogs.txt "http://www.orthodb.org/v9.1/search?

level=33392&species=7165,7227,7460,7091,7070

&query=immunity"

Resolving www.orthodb.org (www.orthodb.org)... 129.194.231.60

Connecting to www.orthodb.org (www.orthodb.org)|129.194.231.60|:80... connected.

HTTP request sent, awaiting response... 200 OK

Length: 429 [application/json]

Saving to: 'myogs.txt'

myogs.txt 100%[======================================>]     429  --.-KB/s  in 0s

(52.3 MB/s) - 'myogs.txt' saved [429/429]
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Using                   in your research

Programmatic data access: using the API

wget -O myogs.txt "http://www.orthodb.org/v9.1/search?

level=33392&species=7165,7227,7460,7091,7070

&query=immunity"

more myogs.txt

{"status": "ok", "message": null, "data": ["EOG090R04SW", 

"EOG090R0F9M", "EOG090R04J6", "EOG090R03S4", "EOG090R0FIQ", 

"EOG090R07LX", "EOG090R008X", "EOG090R00T7", "EOG090R02QF", 

"EOG090R0AXC"], "count": 10, "skip": 0, "limit": 1000, "query": 

"immunity", "level": 33392, "url": 

"http://www.orthodb.org/v9.1/search?level=33392&species=7165,7227,

7460,7091,7070&query=immunity", "universal": null, "singlecopy": 

null, "inclusive": 1}
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Using                   in your research

Programmatic data access: using the API

perl -e '@ogs=`cat myogs.txt`=~/(EOG\S{8})/g; foreach

$og (@ogs) { $gp="$og\.txt"; `wget -O $gp

"http://www.orthodb.org/v9.1/tab?id=$og&species=7165,

7227,7460,7091,7070&long=1"`; }'

Loop through groups (here using Perl)

Web-get for each group

This time a ‘tab’ search, i.e. get gene annotations

Long option to get sequences as well
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Using                   in your research

Programmatic data access: using the API

perl -e '@ogs=`cat myogs.txt`=~/(EOG\S{8})/g; foreach

$og (@ogs) { $gp="$og\.txt"; `wget -O $gp

"http://www.orthodb.org/v9.1/tab?id=$og&species=7165,

7227,7460,7091,7070&long=1"`; }'

Resolving www.orthodb.org (www.orthodb.org)... 129.194.231.60

Connecting to www.orthodb.org (www.orthodb.org)|129.194.231.60|:80... connected.

HTTP request sent, awaiting response... 200 OK

Length: 490 [text/html]

Saving to: 'EOG090R02QF.txt'

EOG090R02QF.txt 100%[================================>]     490  --.-KB/s in 0s

(48.3 MB/s) - 'EOG090R02QF.txt' saved [490/490]
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Using                   in your research

Programmatic data access: using the API

more EOG090R0AXC.txt

pub_og_id og_name level_taxid organism_taxid organism_name

int_prot_id pub_gene_id description     sequence

EOG090R0AXC     nucleoporin, p88, putative      33392   7070    Tribolium castaneum     

7070:002c17     TC014994        Putative uncharacterized protein GLEAN_14994          

MDSTDYLGLSKIKILKNVREAVPEKLKKSINLLAVKYGVLFTWDFANNCVLTLNIKAARSNDGDNVTHQNLFPVLPVMFQPELLLVNDT

GTLLLVAGPSGIIVMELPAMHLLYGADSRDVVFCRTHTLDERLLICSDVVQVRQVRFHPGSPRNTHIVALTSDNTLRLYNIENRSAVSV

SKVTIGETPIGVFPGTKTSFLAAFGEVGVDFDFGQPEITKSPTNDETQELQWPVFVLRGDGSVYSVTVPLEPKAKWAVKGPLPQNTPEG

NPRMEACAIICLNTNPEVVCIANSNGTILHSIVLPLDHETRELLCFE

EOG090R0AXC     nucleoporin, p88, putative      33392   7091    Bombyx mori

7091:0033a6     BGIBMGA013223           

MTYVAIIKYEYISLVILFCLVENPYEKSKGMIIRSTTYIYIKIFILVEITGRPCMIPTRSYSLDEKFLYTTGEIRRVHWHPISLSHVLV

LVSNNAIRLYNVTLKTGPKLVKTYSIGPKPTSLLAGKTILDSLGDTAVDFTPTPDAEHILILRGDGEIYMMDCDLTNKSPLQPKLVGPL

AIYPPADDNYGSDSCCILCMGGSDIPPLVVIATSSAALYHCLLLPNSEKEESDRDGYALYVVETVELDVVPEPDAEPYPVQLIKCTDDT

YACVHAAGAHTVALPVLAALRHYARAPDGNHPPLGRLYGHTTLTVHSPLCRL
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Using                   in your research

Comparative analysis with your own data

©
 R

o
b

er
t 

M
. W

at
er

h
o

u
se



www.OrthoDB.org

Using                   in your research

Comparative analysis with your own data
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Using                   in your research

Comparative analysis with your own data
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Using                   in your research

Example: newly-published aphid genome
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Using                   in your research

Comparative analysis with your own data

Make sure your protein sequences are

really in a proper FASTA format!

Make sure to select just one protein per gene

in the case of alternative transcripts
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Using                   in your research

Comparative analysis with your own data

Use species selector to choose 1-5 compara species

Note automatic selection of LCA
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Using                   in your research

Comparative analysis with your own data

Mapping will take quite some time!

You should receive updates on the progress

of your mapping job by email

Will appear on the tree
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Using                   in your research

Comparative analysis with your own data

1) Download results of your gene IDs mapped to 

OrthoDB orthologous group IDs

2) Browse OrthoDB with your species included

©
 R

o
b

er
t 

M
. W

at
er

h
o

u
se



www.OrthoDB.org

Using                   in your research

Comparative analysis with your own data

1) Download results of your gene IDs mapped to 

OrthoDB orthologous group IDs

ClusterId GeneId Type    Length  Start   End     Score   NormScore Evalue

EOG090W0000 AG012407-PA 19 8443 7 8449 10453 -1 0

EOG090W0000 AG000623-PA 10 4107 16 4122 36962.6 66.6834 0

EOG090W000A AG005522-PA 10 3129 84 3212 8717.8 15.7276 0

EOG090W000A AG005387-PA 10 2788 31 2818 5275.7 9.51777 0

EOG090W002S AG013237-PA 10 1396 838 2233 4391.3 7.92224 0

EOG090W00RS AG012305-PA 10 423 268 690 1525.8 2.75266 0

EOG090W07PT AG003095-PA 10 200 197 396 692.2 1.24878 0

EOG090W07PU AG009735-PA 10 344 1 344 656.8 1.18492 0

EOG090W07PX AG007782-PA 10 229 35 263 625.2 1.12791 0

EOG090W00RX AG006888-PA 12 1044 1 1044 1983 3.57749 0

EOG090W00RX AG019009-PA 10 1004 50 1053 1624.8 5.62799 0

EOG090W07RA AG004328-PA 10 608 26 633 1129 2.0368 0
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Using                   in your research

Comparative analysis with your own data

2) Browse OrthoDB with your species included
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Using                   in your research

Comparative analysis
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Using                   in your research

Comparative analysis

Select up to 20 species, automatic selection
last common ancestor:  Submit!
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Using                   in your research

Comparative analysis
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Using                   in your research

Comparative analysis

Configure the chart size, colours, margins, 

position of legend etc.
Then export as an image for your manuscript!
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Using                   in your research

Comparative analysis with your own data
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Using                   in your research

Comparative analysis with your own dataWhen selecting species for

orthology comparison charts please

be mindful that some genome projects 

may not yet be published!

Please respect international genomics 

data usage conventions and do not

use data from unpublished genome 

projects without explicit permission 
from the data producers!
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Using                   in your research

BUSCO protein set assessments

Gene annotation set quality control with

Benchmarking Universal Single-Copy Orthologs
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Using                   in your research

http://busco.ezlab.org

Ortho-Groups with genes

found in the majority of

species as single-copy

orthologues

Evolutionary Expectation
for them to be found in any

newly-sequenced genome

Implemented Assessments
Gene Content Completeness

# genome assemblies

# annotated gene sets

# assembled transcriptomes

Bonus Features
# genes for phylogenomics

# gene predictor training

Orthology Landscape
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BUSCO protein set assessments

Wenger et al, 2017

C:90.9%[S:80.5%,D:10.4%],F:2.0%,M:7.1%,n:1658

1508    Complete BUSCOs (C)

1335    Complete and single-copy BUSCOs (S)

173     Complete and duplicated BUSCOs (D)

33      Fragmented BUSCOs (F)

117     Missing BUSCOs (M)

1658    Total BUSCO groups searched
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What is orthology?

How does one delineate orthology?

What does OrthoDB offer?

Understanding the definitions

Getting to grips with the methodologies

Using orthology in your research
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Why does one need to delineate orthology?

1) Tracing the Evolutionary Histories of all genes in extant species

2) Building Hypotheses on Gene Function informed by evolution
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As orthologs share a common ancestry … they can be 

considered to be “equivalent” genes in different species

Thus, any hypothesis that they share a common function

is a relatively reasonable “best guess” assumption

Inherited gene

Inherited function
≈

Why does one need to delineate orthology?
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Why does one need to delineate orthology?

By tracing the Evolutionary Histories of all genes in extant species

We can build Hypotheses on Gene Function informed by evolution

“The validity of  the conjecture on functional 

equivalency of  orthologs is crucial for reliable 

annotation of  newly sequenced genomes and, more 

generally, for the progress of  functional genomics.

The huge majority of  genes in the sequenced

genomes will never be studied experimentally, so for 

most genomes transfer of  functional information 

between orthologs is the only means of  detailed 

functional characterization.”
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Have you or will you use OrthoDB orthology?

Please cite relevant Nucleic Acids Research database issue publication
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Prof. Evgeny Zdobnov
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Dr Robert Waterhouse

Postdoctoral Fellow

• Arthropod Genomics

Dmitry Kuznetsov

Scientific Programmer

• OrthoDB Development

Mathieu Seppey

PhD Student

• BUSCO Assessments

Questions?  Write to us: support@orthodb.org

Dr Fredrik Tegenfeldt
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• OrthoDB Development

Dr Panos Ioannidis
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• Arthropod Genomics

Felipe Simão

PhD Student
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Dr Evgenia Kriventseva
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• OrthoDB Management

& all other members of the Zdobnov Computational Evolutionary Genomics Group
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