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Gene families, synteny, and 
metabolic pathways



Introduction to Gene Families : Definition
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Introduction to Gene Families : Evolution
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● Speciations

● Duplications : 
○ Genes
○ Chromosomal 

segments 
○ Complete Genomes 

(WGD, polyploïdy)



Introduction to Gene Families : Functional Evolution

● Type of Evolution
○ Neo-functionalization
○ Sub-functionalization
○ Pseudo-genes, Losses



Introduction to Gene Families : Hypothesis
● The function is more preserved between orthologs than 

between paralogs [Altenhoff et al., 2012]
● Need to consider the time of divergence between two 

sequences; indeed, close paralogues may have undergo less 
changes than ancient orthologs and therefore present more 
similar functions [Nehrt et al., 2011]

Knowledge of evolutive history of genes 
important for functional inference.



Analysis of evolutive event 



Analysis of evolutive event : Synteny 



Analysis of evolutive event : Synteny 



Metabolic pathways

Example: Amphibolic Properties of the Citric Acid Cycle

● In a metabolic 
pathway, the product 
of one enzyme acts as 
the substrate for the 
next. These enzymes 
often require dietary 
minerals, vitamins, 
and other cofactors to 
function.
 

● In our studies, the 
link between metabolic 
pathways and gene 
families is important 
to better understand 
the specificities of 
some genes, and their 
involvement in 
identified biological 
processes. 
 



GenFam: a tool dedicated 
to gene families study



GenFam : Analysis of gene Families
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GenFam : Analysis of gene Families
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GenFam : Architecture
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GenFam : Web Portal

● Creation of initial set of sequences
● Import through fasta or json format

○ GreenPhyl families
● Access to Chado Databases

○ Banana
○ Coffee

● Cart of sequences to manage the family

GenFam is available at: http://genfam.southgreen.fr/



GenFam : Homologs search
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GenFam : Phylogeny

20XX 20XX 20XX 20XX



GenFam : Ideven for Synteny Integration
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● 25 species

● Synteny identification 
through CoGe SynMap 
suite.

● dS Calculation (Haibao 
Tang)

○ Yang Nielson



GenFam : Ideven for Synteny Integration 
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#Nom gene1 Nom gene 2 Event dS Mean dS Block size

AT4G02280.1-PROTEIN_ARATH BD01_PF61360.1_BRADI ortholog 4.8013 3.7568285714285707 10

AT5G11110.1-PROTEIN_ARATH BD03_PF06280.1_BRADI ortholog 2.4897 2.3304153846153843 6

AT5G11110.1-PROTEIN_ARATH BD03_PF20090.1_BRADI ortholog 3.8082 3.1849600000000007 7

AT3G43190.1-PROTEIN_ARATH GM09_PF06450.1_GLYMA ortholog 1.4188 2.36896 7

GM13_PF08280.1_GLYMA GM15_PF15670.1_GLYMA WGD 0.6661 0.2959604095563141 146



GenFam : Visualization
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GenesPath: a tool using 
GenFam, and focused on 
metabolic pathways



GenesPath: the workflow
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GenesPath: web interface
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GenesPath: query UniProt database
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GenesPath: launch workflow through the web
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GenesPath: phylogenetic tree

20XX 20XX 20XX 20XX



GenesPath: CSV files representing orthologous genes
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Cluster name Gene ID_Species Gene Name Locus Tag Chromosome Start End Orthologous group

Cluster 1 OS02G49230.1-PEP_ORYSJ LOC_OS02G49230.1-PEP OS02_PF33150.4_ORYSJ ORYSJ02 30096306 30098580 1

Cluster 1 SB10_PF10650.1_SORBI SB10G010860.1 SB10_PF10650.1_SORBI SORBI10 14421774 14424602 1

Cluster 1 ZM05_PF39000.2_MAIZE GRMZM2G075562_T01 ZM05_PF39000.2_MAIZE MAIZE05 204171997 204174388 1

Cluster 1 OS07G47140.1-PEP_ORYSJ LOC_OS07G47140.1-PEP OS07_PF28660.1_ORYSJ ORYSJ07 28185202 28187762 2

Cluster 1 ZM07_PF29680.1_MAIZE GRMZM2G414423_T02 ZM07_PF29680.1_MAIZE MAIZE07 171822613 171824015 2

Cluster 1 SB02_PF34770.1_SORBI SB02G042230.1 SB02_PF34770.1_SORBI SORBI02 75932722 75934993 2



Conclusion and perspectives : GenFam
Web system for manual analysis of 
gene families

Integration of syntenic analysis 
through IDEVEN for gene 
relationship prediction

Integration of heterogeneous data

Synthetic visualization in 
IntreeGreat

Use of Galaxy API to allow analysis 
through the GenFam website

Integration of dS based WGD 
identification

Integration of other types of 
functional evidences (TFBS)

Integration of syntenic and domains 
visualization to IntreeGreat



Conclusion and perspectives : GenesPath
Take into account gene families and 
metabolic pathways

Link with a specific project named 
“Biomass For the Future” (BFF)

GenFam and GenesPath are 
complementary tools

Launch the workflow of analysis 
without using Galaxy

Integration of phylogenetic 
analysis and statistics on genes 
(CSV) using IntreeGreat

GenesPath will be improved (it does 
not contain yet the IDEVEN tool)



Thank you for your attention!
genfam.southgreen.fr


