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Genome projects are generating vast amounts of sequencesGenome projects are generating vast amounts of sequences

The objective is now to determine the function of predicted geneThe objective is now to determine the function of predicted geness

Computational methods are needed to help annotation transfer andComputational methods are needed to help annotation transfer and
functional predictionfunctional prediction

Sequencing ProjectsSequencing Projects

More than 500  
genomes fully
sequenced
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Comparative genomicsComparative genomics

Gene with unknown function

Gene with function X

Predict gene function for one species  Predict gene function for one species  
using information available from other speciesusing information available from other species

Model species

Homologous genes

Annotation transfer
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•• Orthologous genesOrthologous genes are homologous genes that are descended are homologous genes that are descended 
from the last common ancestor through from the last common ancestor through speciationspeciation and most and most 
probablyprobably encode proteins with a encode proteins with a similar functionsimilar function in different in different 
speciesspecies

Homologous genesHomologous genes
orthologous - paralogous

•• Paralogous genesParalogous genes are referred as homologous genes that evolved are referred as homologous genes that evolved 
through through duplicationsduplications and and maymay encode proteins with more encode proteins with more 
divergent functionsdivergent functions

Arabidopsis gene

Rice gene A

Rice gene B

Orthologs

Speciation event

Paralogs

Gene duplication event
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How to How to predict homologous genespredict homologous genes??

Similarity Similarity vs.vs. HomologyHomology

Similarity and Homology areSimilarity and Homology are notnot the same thing, even if the same thing, even if 
homology is inferred from certain types of similarityhomology is inferred from certain types of similarity

SimilarSimilar
having likeness or resemblance (an observation)  having likeness or resemblance (an observation)  

HomologHomolog
genetically connected (an historical fact: common ancestor) genetically connected (an historical fact: common ancestor) 
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Function prediction by similarity?Function prediction by similarity?

DRAWBACKS:

• How to fix E-value threshold for annotation transfer? 

False positive/negative rate. 
Two sequences can present some similarity without any evolutionary     
relationships 
Real ortholog have some time low similarity score

Popular similarity methods:  BLASTp, BBMH/RBH…

• Cannot identify duplication events:
Tricky to predict one-to-many or many-to-many relationships 
(inparanoid, OrthoMCL, KOG)

ADVANTAGES:

• Easy to use 

• Fast 

• Directly on full genomes
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Function prediction by phylogeny?Function prediction by phylogeny?
ADVANTAGES:

•• Efficient for detection of duplications and speciations (paraloEfficient for detection of duplications and speciations (paralogs and gs and 
orthologs)orthologs)

•• Efficient to detect complete relationships (1/n, n/n) if you usEfficient to detect complete relationships (1/n, n/n) if you use complete e complete 
familyfamily

Current methods:Current methods:

•• RIO and OrthostrapperRIO and Orthostrapper :only on 1900 plant gene families (Pfam):only on 1900 plant gene families (Pfam)

•• GOST (using GreenPhylDB family : 6420 plant gene families)GOST (using GreenPhylDB family : 6420 plant gene families)

DRAWBACKS:

•• Time consuming calculationTime consuming calculation

•• Gene family clustering requiredGene family clustering required
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GOSTGOST
(GreenPhyl Orthologs Search Tool)(GreenPhyl Orthologs Search Tool)

ObjectivesObjectives

•• Identify by phylogeny methods orthologous and paralogous Identify by phylogeny methods orthologous and paralogous 
genes genes for any plant genefor any plant gene (GCP crops)(GCP crops)

•• Work on a larger set of the plant gene families (GreenPhylDB)Work on a larger set of the plant gene families (GreenPhylDB)

•• Develop a tool as fast as similarity search (a Blastp) by using Develop a tool as fast as similarity search (a Blastp) by using 
prepre--computed phylogeny from GreenPhylDB data sources (GCP computed phylogeny from GreenPhylDB data sources (GCP 
SP4 output)SP4 output)
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PLANPLAN

1.1. Sequencing projects and comparative genomicsSequencing projects and comparative genomics

2.2. GreenPhylDB*: GreenPhylDB*: A phylogenomic platform for plant comparative genomicsA phylogenomic platform for plant comparative genomics

3.3. GOST: GOST: GreenPhyl Orthologs Search ToolGreenPhyl Orthologs Search Tool

* * ”” GreenPhylDB: A database for plant comparative genomicsGreenPhylDB: A database for plant comparative genomics”” (Submitted)(Submitted)
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DevelopedDeveloped on on twotwo plant model plant model speciesspecies

GreenPhylDBGreenPhylDB
A phylogenomic platform for plant comparative genomicsA phylogenomic platform for plant comparative genomics

• Oryza sativa and Arabidopsis thaliana model plants of monocotyledon 
and dicotyledon

• Full genome available

• Gene annotation quality (TAIR release 7, TIGR release 5)

• Most of functional evidence

• Full sequenced genome of other plants exists  but annotation still in 
progress.

• In the future, GreenPhylDB will integrate other plant genomes…
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GreenPhylDB GreenPhylDB workflowworkflow

30500 Arabidopsis genes
TAIR

50200 rice genes
TIGR 

6420 manually validated as gene families

4400 phylogenetically analysed gene families

21386 automatically generated clusters
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A preA pre--computed phylogenomic analysiscomputed phylogenomic analysis databasedatabase
–– Total number of gene families analyzed:Total number of gene families analyzed: 44004400

GreenPhylDB GreenPhylDB 
Important aspectsImportant aspects

A plant gene family databaseA plant gene family database
–– Most important plant gene family database: 6420 manually Most important plant gene family database: 6420 manually 

annotated annotated 
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For more information on GreenPhylDBFor more information on GreenPhylDB
Go on Help pageGo on Help page

http://greenphyl.cirad.frhttp://greenphyl.cirad.fr

Rice and ArabidopsisRice and Arabidopsis……okok

““But IBut I’’m working on maize or banana?m working on maize or banana?””
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GOSTGOST
(GreenPhyl Orthologs Search Tool)*(GreenPhyl Orthologs Search Tool)*

A Phylogenomic Tool for plant comparative genomicsA Phylogenomic Tool for plant comparative genomics

2 different use cases2 different use cases

1. Get information on a new sequenced gene using information 1. Get information on a new sequenced gene using information 
available from rice or arabidopsisavailable from rice or arabidopsis

Gene with UNKNOWN function

Add biological 
information

? Query

2. Add information to rice or arath with a gene from a new speci2. Add information to rice or arath with a gene from a new species es 
particularly studiedparticularly studied

Gene with KNOWN
biological information

?

Query

?

?
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GOST pipelineGOST pipeline

Alignment

HMM
Align

Tree 
contruction

Puzzle
NJ

Blastp &
HMM
search

Family 
identification

GreenPhyl
Database

Query 

DoRIO

Phylogenomic
scores

Multiple alignment

Q: MAVMAPRTLL
Q

Phylogenetic tree

Bootstrap 
X100

(pre-calculated)

Q

Q

Q

Q

sp1

sp2

sp3

sp4

Species tree

Orthologs

Query 

Q
Gene tree
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Sequence submission

Requirements:

• Protein sequence

Note: Optimal performance with COMPLETE sequence

'Green revolution' genes encode 
mutant gibberellin response 
modulators. 
Peng J and all. Nature 2000
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Family identification 
and 

species selection

Requirement:

• to indicate species
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Phylogenomic predictions for the query

RHT1

Orthologs score %

Orthologs found

SubtreeNeighbor score %
Group into same clade

SubtreeNeighbor

SuperOrthologs score %
One-to-One relationship

SuperOrthologs

Distance 
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Phylogenomic prediction for the query

RHT1

SLR1

Della subfamily

Monocot

Dicot

RGL2

RGL3

RGL1

GAI

RGA
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Web accessibility

•• GOST is accessible via the GreenPhylDB website GOST is accessible via the GreenPhylDB website 
((http://greenphyl.cirad.frhttp://greenphyl.cirad.fr))

•• Web services: Web services: 

–– Web services were developed allowing to integrate it into the Web services were developed allowing to integrate it into the GCP GCP 
platformplatform (e.g. (e.g. http://dayhoff.generationcp.orghttp://dayhoff.generationcp.org))

–– Scientific community can use this service and include it for insScientific community can use this service and include it for instance tance 
into an into an automatic workflow of genome annotationautomatic workflow of genome annotation ..

http://greenphyl.cirad.fr/
http://dayhoff.generationcp.org/
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GOST assetsGOST assets

GOST combines several advantages

1.    Applied on GreenPhylDB plant families 
(6400 gene families)

2.    Ranked ortholog and paralog prediction 
(phylogeny-based methods)

3. As fast as blast search

4. Can be inserted in automatic workflows
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