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Do convergent evolution involve identical genetic pathways ?

• Many cases of phenotypic convergent evolution have been
described in nature

• Studies of the genetic bases of these events have mainly been
based on candidate genes like Prestin (Li et al. 2010) and
Hemoglobin (Natarajan 2015 etc)
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Genomic screens are now proposed to search for convergent
genomic changes.

• Applied so far to systems with only two/three pairs of
convergent/non-convergent species.

• Also true for convergent evolution at the level of expression
(Gallant 2014 ; Pankey 2014)

• Heated discussions about the results (Parker 2013 ; Zou 2015 ;
Thomas 2015 ; Zhou 2015).

• Convergenomix project
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Genome-scale detection of interspecies convergent evolution

1. How many convergent events are required so that we can
identify them ?

2. Can we detect convergent evolution in sequences and in
expression levels/profiles ?

3. Development of new methods to analyse convergent evolution
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How many convergent events are required so that we can iden-
tify them ?

• Model of convergent sequence evolution that considers
explicitely the phylogeny

• Convergent/ ancestral branches follow different CAT60 profiles
• Convergence detected if posterior probability > 0.8
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The detection of convergent sequence evolution increases with
the number of pairs

• Simulations for 2-11 pairs, and for all possible profiles
• Sufficient power for genome-scale detection of interspecies
convergent evolution : about 5 pairs
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Can we detect convergent evolution in expression levels/profiles ?

• surface/subterranean Asellidae isopods

Surface species

Subterranean species

Coll. Tristan Lefebure, Christophe Douady 6 / 10



Detecting of convergent evolution of expression also necessi-
tates multiple pairs

DE genes, p < 0.1 & FoldChange > 2
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Footprint of convergent evolution in PCA plots
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• Axis 1 (13%) : Molting
(“cuticule proteins”)

• Axis 2 (12%) : Phylogeny
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Footprint of convergent evolution in PCA plots
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• Axe3 (9%) : Phylogeny
• Axe4 (9%) : Ecology
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Interaction between divergence and ecology ?

• Effect of ecology but phylogenetic distance matters : Many
species needed !

• Refine the definition of gene families + missing genes
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Genome-scale detection of interspecies convergent evolution

1. How many convergent events are required so that we can
identify them ? → ideal : at least 5 events

2. Can we detect convergent evolution in expression
levels/profiles ? → ongoing analysis : yes in proaselles

3. Development of new methods to analyse convergent evolution
→ Need a tool to create comparable reference transcriptomes
for many species
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Amalgam: an automated tool to annotate
RNA-seq data using gene family alignments from

other species and combine them

Carine Rey, Philippe Veber, Marie Sémon & Bastien Boussau

July 1, 2016



Dataset building in Comparative genomics
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Primordial step for subsequent analyses

Difficult to set up and reproduce the results

Mandatory to increase data set size



Dataset building in Comparative genomics
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Automated and reproducible pipeline

Easy to use

Relevant for large or small datasets

Can reconstruct accurate sequences efficiently



How does Amalgam work ?

Gene
tree

Multi-species
alignment
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How does Amalgam work ?
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Encapsulation and Installation

Use of an unique conductor script

manage internal dependencies between modules

manage multi-threading and memory

manage recovery upon error

Installation is facilitated by a docker container

no need to install external dependencies
(Blast, Trinity ...)

use on a cluster is easier

(local installation is also possible)



Preliminary test

500 random multi-species alignments
from Ensembl (Compara data set)

I 13 representative mammals
I with Human
I without Mouse

RNA-seq data from an adult mouse
(Kidney)

Species tree of all selected mammals

A reference species: Human

(Keep aside Ensembl gene family trees
with mouse)

Mus musculus

Ictidomys tridecemlineatus

Cavia porcellus

Oryctolagus cuniculus

Otolemur garnettii

Callithrix jacchus

Homo sapiens

Sus scrofa

Ovis aries

Myotis lucifugus

Felis catus

Mustela putorius furo

Dasypus novemcinctus

Loxodonta africana



Preliminary test
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The first totally automated test

run in the docker container on an ”empty” computer (8
threads, 128G RAM, Linux system)

run in 1 day



A majority of sequences reconstructed by Amalgam are
well placed in the phylogeny

Species Tree Species of the neighboring sequence

Count

Mus musculus

Ictidomys tridecemlineatus

Cavia porcellus

Oryctolagus cuniculus

Otolemur garnettii

Callithrix jacchus

Homo sapiens

Sus scrofa

Ovis aries

Myotis lucifugus

Felis catus

Mustela putorius furo

Dasypus novemcinctus

Loxodonta africana

First check, positions of reconstructed sequences in phylogenies

Coherent positions according to the species tree

Ensembl trees may not be good reference



Conclusion

Amalgam increases data set size by adding new species with
RNA-seq data

Amalgam aims to reconstruct reliable phylogenies and
alignments for a large number of genes or gene families

Amalgam will be available in a format packaged to be easily
distributed and tested.

Work in progress, but close to a final stage.
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Simulations

Convergent event at a site S_i:

Convergent profile:
Cj : State M1

Ancestral profile:
Ci : State M0
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Overview - apytram
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apytram  principle



apytram iteration process

1 2
1 2

1 2

Paired-end RNA-seq data

Blast bait sequence on
database of reads

Retrieve paired reads

de novo assembly

Bait sequence

 contigs

Filtering of contigs

Formating of reads 
in BLAST database

initialisation

iteration

filtered contig 

Improvement comparing to 
the previous iteration?

End Final contig
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Filtered contig
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bait sequence
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Database of reads



Available on github
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