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Motivation

• Massive genome and transcriptome data for non-model organisms

• A scalable global gene family framework is needed

• Existing gene family resources are static



Objectives

• Generate objective gene family (“orthogroup”) 
classifications (“scaffolds”) that leverage diverse genomes

• Optimize circumscription of gene families from both evolutionary 
and functional perspectives

• Develop modular set of analysis tools for comparative phylogenomics 
of new datasets

• Make these tools broadly available as a stand-alone package 
(GitHub) and through the Galaxy framework
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Data

• Orthogroups protein and cds 
fasta

• Orthogroups protein multiple 
sequence alignment fasta

• Orthogroup hidden Markov model 
based profiles (HMM-profiles)

• Scaffold database of profile HMM-
profiles

• BLAST database of all scaffold 
proteins

Metadata

• UniProtKB/Swiss-Prot protein 
functional annotations

• TAIR Arabidopsis thaliana gene 
functional annotations

• InterPro and Pfam functional 
domain annotations

• Gene Ontology functional terms

• Gene family sizes (orthogroup gene 
counts) for scaffold taxa

• Secondary gene family clusters 
(super-orthogroups)

Scaffold construction



Scaffold data usage

2008 –NAR– 99 citations

Expression shifts 

Gene family studies Genomes 

Gene and genome duplications 

http://bigdata.bx.psu.edu/PlantTribes_scaffolds/



PlantTribes workflow

Scaffold data

Scaffold data



Scaffold installation

http://bigdata.bx.psu.edu/PlantTribes_scaffolds/

https://github.com/dePamphilis/PlantTribes

cds and corresponding proteins 

for the new genome

Installing  gene family scaffold

Updating Installed  gene family scaffold

with a new sequenced genome

http://bigdata.bx.psu.edu/PlantTribes_scaffolds/
https://github.com/dePamphilis/PlantTribes


Analysis tools

1. Post-assembly QC

2. Assembly sorting

3. Alignment and QC

4. Phylogenetic inference

5. Selection and WGD analysis



1. Post-assembly QC 
Assembly post-processing 

primary coding 

regions predictions

validated and filtered 

coding regions predictions

validated, filtered 

and non-redundant

coding regions predictions

de novo transcriptome assembly



1. Post-assembly QC
Targeted gene family assembly

primary coding 

regions predictions

validated and filtered 

coding regions predictions

validated and filtered 

coding regions predictions

a collection of post-processed

Targeted gene family assemblies

targeted gene family assembly

de novo transcriptome assembly



1. Post-assembly QC 
Assembly improvement

Facultative hemiparasite

Obligate hemiparasite

Non-photosynthetic holoparasite

Assemblies from Parasite Plant Genome Project (PPGP )

(Orobancheceae family)



description 

basic options

advanced  options

citations of external tools

1. Post-assembly QC 
Tool documentation



2. Assembly sorting
Gene family classification 

a collection of classified 

Orthogroup protein and cds fasta

Classification metadata
• blastp results

• hmmscan results
• best scoring orthogroup (blast) 

• best scoring orthogroup (hmm) 
• selected  best scoring orthogroup

• orthogroup annotation summary

post-assembly predicted proteins

post-assembly predicted cds



super-orthogroups clusters
(default min-evalue)  

selection of low-copy orthogroups
(no default)  

2. Assembly sorting
Advanced analyses



global selection custom selection

2. Assembly sorting
Selection low-copy gene families



a collection of classified 

Orthogroup protein and cds fasta 

a collection merged classified  and scaffold 

orthogroup protein and cds fasta 

2. Assembly sorting
Gene family integration 



collection of  estimated orthogroup codon and 

protein multiple sequence alignments

A collection of integrated classified  and 

scaffold backbone protein and cds fasta 
a collection merged classified  and scaffold 

orthogroup protein and cds fasta 

gap trimming

3. Alignment and QC
Gene family alignments 



automated trimming recommend 

for near full-length transcripts 
iterative  trimming, 

filtering, and realignment

3. Alignment and QC
Alignment post-processing



collection of estimated orthogroup protein 

multiple sequence alignments

3. Alignment and QC
Alignment visualization



collection of estimated orthogroup codon

multiple sequence alignments

collection of inferred orthogroup 

Phylogenetic trees  

ML orthogroup phylogenetic

inference with  RAxML  

4. Phylogenetic inference
Gene family phylogenetic trees



collection of inferred orthogroup 

Phylogenetic trees  

4. Phylogenetic inference
Phylogenetic tree visualization



cds and corresponding proteins 

for the first species

cds and corresponding proteins 

for the first species

cds and corresponding proteins 

for the second species

species1 non-synonymous 

(Ka) and synonymous (Ks) 

substitution rates

species1 paralogous  pairs

species1 self blastn results

5. Selection and WGD analysis
Nucleotide substitution rates



species1 non-synonymous (Ka) 

and synonymous (Ks) 

substitution rates

species1 paralogous  pairs

species1 self blastn results

species1 estimated significant 

components in the distribution of 

synonymous (Ks) substitution rates

5. Selection and WGD analysis
Genome duplication inference



Synonymous substitutions (Ks)
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5. Selection and WGD analysis
Genome duplication synonymous 

substitution rates (Ks) distribution plot



• Improving genome annotation quality

• Transcriptome coverage and functional annotation

• Species tree inference using single copy genes

• Gene tree – species tree reconciliation

• Timing of gene duplications and polyploidy

• Ancestral gene content reconstruction

• Gene family expansions/contractions

• Timing of new gene function evolution

• Studies of horizontal transfers among species

• Many others…

Applications



Availability

Tools:

• Stand-alone: https://github.com/dePamphilis/PlantTribes

• Galaxy: https://usegalaxy.org/

• Galaxy Tool Shed: https://toolshed.g2.bx.psu.edu

Tutorials:

• Stand-alone: 
https://github.com/dePamphilis/PlantTribes/blob/master/docs/Tutorial.md

• Galaxy: https://galaxyproject.org/tutorials/pt_gfam/

https://github.com/dePamphilis/PlantTribes
https://usegalaxy.org/
https://toolshed.g2.bx.psu.edu/
https://github.com/dePamphilis/PlantTribes/blob/master/docs/Tutorial.md
https://galaxyproject.org/tutorials/pt_gfam/
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