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The	history	of	life
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The theory of evolution is based on the idea that all species are 
related and gradually change over time.



Speciation

Mutation

Recombination

Natural selection

Genetic driftHybridization

Polyploidy

Isolation

What	is	speciation?
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The formation of new and distinct species in the course of evolution



Model	&	non-model	organisms
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High-throughput sequencing (e.g. Illumina) makes non-model 
organisms increasingly accessible for speciation studies, mainly 

through proteomics



Speciation	genomics
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LIMITED 
POWER

# Pre-selected 
markers are used

# Need of sampling 
multiple individuals  

Large 
amounts of 
orthologous 
loci can be 
obtained, 

allowing the 
use of less 
individuals 

1. It allows finding genes    
involved in speciation

2. It allows finding genes 
homogenized by gene-flow (or 
those that resist introgression)

3. It allows finding genes related 
to adaptation

Humans & Neanderthals mated in the past
Green et al. (2010)



Neotropical	amphibians

~ 50% of world’s amphibians
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Our	study	model

§ Frogs of the genus Oreobates

24 species up to date

Distributed 
across a wide 
range of 
habitats and 
altitudes
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Cloud forests 
(2500-3500m)

Montane forests
(500-1500m)

Lowland
forests 

(0-500m)

Dry forests (500-1500m) 



Still	little	is	known

	
Kohler & Padial

(unpublished data) 8/25

? 47 Million Years Ago
46.7 Mya



The	best	non-model

Extremely difficult to sample 
– Difficult to find
– Few museums have specimens
– Logistic problems (permits)

Few genomic data available in frogs
– Xenopus tropicalis (206.6 Mya)
– Nanorana parkeri (156.0 Mya)

Oreobates zongoensis

Some species have been only
found once (by our collaborators)

>>> Challenge effect <<<
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Why	did	we	chose	Oreobates?
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§ Oreobates amarakaeri (Padial et al., 2012)
§ Oreobates ayacucho (Lehr, 2007)
§ Oreobates barituensis (Vaira & Ferrari, 2008)
§ Oreobates berdemenos (Pereyra et al., 2014)
§ Oreobates choristolemma (Harvey & Sheehy, 2005)
§ Oreobates crepitans (Bokermann, 1965)
§ Oreobates cruralis (Boulenger, 1902)
§ Oreobates discoidalis (Peracca, 1895)
§ Oreobates gemcare (Padial et al., 2012)
§ Oreobates granulosus (Boulenger, 1902)
§ Oreobates heterodactylus (Miranda-Ribeiro, 1937)
§ Oreobates ibischi (Reichle, et al. 2001)
§ Oreobates lehri (Padial et al., 2007)
§ Oreobates lundbergi (Lehr, 2005)
§ Oreobates machiguenga (Padial et al., 2012)
§ Oreobates madidi (Padial et al., 2005)
§ Oreobates pereger (Lynch, 1975)
§ Oreobates quixensis (Jiménez de la Espada, 1872)
§ Oreobates remotus (Teixeira et al., 2012)
§ Oreobates sanctaecrucis (Harvey & Keck, 1995)
§ Oreobates sanderi (Padial, et al., 2005)
§ Oreobates saxatilis (Duellman, 1990)
§ Oreobates yanucu (Kohler & Padial 2016)
§ Oreobates zongoensis (Reichle & Köhler, 1997)

We have access to 
(almost) all the 

Oreobates species

José Manuel 
Padial

Ignacio De la Riva

Our collaborators 
are experts on 

these frogs



Research	goals

1. Phylogenomics: genetic relationship among Oreobates

2. Evolutionary history: study variation in evolution rates

3. Demographic history: track demographic changes 
through time and correspondence with habitat changes

4. Adaptation: identify genes that have been 
differentiated between populations (adaptation)

To study evolution rates, demographic history and 
adaptation patterns on the frogs of the genus Oreobates
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1st stage	:	phylogenomics
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How many colonization 
events to lowland rainforest 

have occurred? 

H-1: Oreobates
emerged on the 
Andes highlands 

Fact: Now there are 
species living on both 
highlands and lowlands 

When the genus Oreobates
was originated? How many 

Oreobates species? 

Goal: to build a highly supported 
tree for downstream analysis



2nd stage:	evolutionary	history
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Is the evolution rate lower in 
the highland species?

Goal: study the variation in the 
evolution rate of Oreobates

H-2: Ectotherm 
metabolism slows 

down at low 
temperatures

Fact: Previous studies in glass-
frogs proved a reduction in the 

rate of evolution in highland 
environments

Wet puna

Amazonian lowland forest

Lower montane forest +   
dry forest 

Upper montane forest

Cloud forest

4000 m

3000 m

2000 m

1000 m

0

Andes mountain diagram



3rd stage:	demographic	history
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Goal: study the effect of the 
past environmental conditions on 
the Oreobates demography

H-3: Species with similar habitat 
requirements will show parallel 

demographic changes during Pleistocene
climate changes

Do highland species show 
different demographic 

trends compared to lowland?   

Is there any hybridization 
between diverging linages 

living on the lowlands? 

?
O. quixensis

O. saxatilis
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4th stage:	study	of	adaptation
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Are there any genes related 
to adaptation to dry forest?

Fact: Some 
Oreobates inhabit 
a wide diversity 

of habitats

Goal: study the genomic 
signatures of speciation

H-4: Genomic regions associated 
with adaptation to environment 

should show larger genetic 
divergences

Are there any genes related 
to adaptation to highlands?

O. cruralis

BARRIER
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Our	initial	idea
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§ 1st : Transcriptome 
sequencing (as a reference)

§ 2nd : Whole genome 
sequencing (for the others)

§ 3rd : Exome assembly

§ 4th : SNP detection and 
analyzing data  

DRAWBACK: big waste

Adapted from Lamichhaney et al. (2012)

NEED OF: genome size



Amphibians	have	big	genomes
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# The C-value Enigma

Previous 
work



Reduced representation of the 
genome: transcriptome



How	to	do	it?	

Total 
RNA

Transcriptome sequencing
Bioinformatics 

analysisü Liver
ü Intestine
ü Spleen

De-novo
transcriptome 

assembly  

Uppsala University

Oreobates 
cruralis
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Transcriptome-
based exon 

capture
(on-going)

Phylogenomics & more NOW



Transcriptome	workflow
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# Quick guide to build de-novo assemblies

1. Get raw reads (RNAseq data)
2. Quality control [FastQC]

3. Ribosomal RNA removal [SortMeRNA]

4. Quality trimming & adapter removal 
[Trimmomatic]

5. Quality control (again) [FastQC]

6. In silico normalization [Trinity]
7. Merge data (when multiple tissues per sample)

8. In silico normalization (again) [Trinity]

9. De-novo transcriptome assembly [Trinity]
9.1. Assembly validation [Bowtie]

10. Functional annotation [Trinotate]



Transcriptome	results	(I)

523M reads

520M reads

426M reads

36M reads

Raw data (intestine, liver, spleen) 

After ribosomal RNA removal 

After quality trimming & adapter removal

After normalization

550,871 transcripts De-novo Transcriptome Assembly  

45,885 unigenes Unigenes with a Gene Ontology (GO) match 

40,362 unigenes Unigenes that have 40-60% GC content 

21,369 unigenes Unigenes that are & 500-850bp in length

17,879 unigenes Removing repeats and low complexity regions  

Pre-
processing
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422,999 unigenes Selecting longest isoform for each trinity ‘gene’

Post-
processing

Exon capture
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Transcriptome	results	(II)
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10,463 
orthologous 
genes 

O.cruralis

X.tropicalis



Transcriptome	results	(III)
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GO Distribution by Level (2) - Top 20
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developmental process
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negative regulation of biological process
multi-organism process
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biological adhesion

growth

BP

binding
catalytic activity

transporter activity
molecular transducer activity
molecular function regulator

nucleic acid binding transcription factor activ...
signal transducer activity
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transcription factor activity, protein binding

electron carrier activity
antioxidant activity

translation regulator activity
chemorepellent activity

nutrient reservoir activity
protein tag

metallochaperone activity
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M
F

cell
cell part

organelle
organelle part

membrane
membrane part

macromolecular complex
membrane-enclosed lumen

extracellular region
extracellular region part

cell junction
synapse

supramolecular complex
synapse part

other organism
other organism part

virion
virion part

nucleoid
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CC

Cellular process........................ 78%
Single-organism process........ 64%
Metabolic process………………….63%

Binding………………………………………70%
Catalytic activity……………………39%

Cell…………………………………………….82%
Cell part……………………………………81%
Organelle………………………………... 67%

# Gene Ontology (GO) categories

Biological process

Molecular function

Cellular component

Percentage of 
unigenes
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Top-20 most represented species in 
UniprotKB/SwissProt

Transcriptome	results	(IV)
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Homo sapiens

Mus musculus
Caenorhabditis 

elegans

Xenopus laevis

Rattus norvegicus

Bos taurus

Xenopus tropicalis

Caenorhabditis briggsae

Gallus gallus
Others

TOP BLASTX-HIT SPECIES DISTRIBUTION 
IN OREOBATES CURALIS

19%
11%

10%

6%

5%

5%
4%

3% 5%

32% 32%



# Transcriptome-based exon capture

So,	what	is	next?	

We are using the 
17,879 unigene
sequences from 
O. cruralis to design 
capture probes for all 
other Oreobates 
species. 

“ We gotta catch ‘em all !  ” 25/25

Orthologous genes 
will be identified 
and used to test 
initial hypothesis 



Thanks for your attention!

QUESTIONS?


