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Applications of molecular 

techniques

⚫ DNA
⚫ Every living organism contains DNA

⚫ Every organism is characterized by a unique DNA signature

⚫ Through common descent DNA of closely of related organisms
will be more similar than that of distantly related organisms
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⚫ DNA to identify organisms

⚫ “barcode”

⚫ fast – accurate



Applications of molecular 

techniques

⚫ DNA to identify organisms

⚫ circumvents cryptic diversity

⚫ prominent in morphologically ‘simple’ 

organisms

←[coccolithophores]

[Sellaphora diatoms] →
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Applications of molecular 

techniques

⚫ DNA to identify organisms

⚫ circumvents non-culturable diveristy

⚫ e.g. microbial communties

[black smokers] [bacteria TEM] [DGGE gel]
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Delineating species

• Higher taxonomic ranks are human constructs

• Species are real (more or less)

[Benton 2000]



Delineating species

• What is a species ? 

o The simpler the question, the more difficult the answer …

o Alternatively, the answer is difficult because the question is 

flawed

• It is surprisingly difficult to define the word "species" in a way that 

applies to all naturally occurring organisms, and the debate among 

biologists about how to define "species" and how to identify actual 

species is called the species problem. 

• Ernst Mayr's biological species concept: a species 

comprises all the individual organisms of a natural 

population that generally interbreed at maturity in the wild 

and whose interbreeding produces fertile offspring.

http://en.wikipedia.org/wiki/Species_Problem


O. De Clerck                    

Praktische taxonomie 2008-09

Delineating species

• What is a species ? 

• Ernst Mayr's biological species concept: a species 

comprises all the individual organisms of a natural 

population that generally interbreed at maturity in the wild 

and whose interbreeding produces fertile offspring.



O. De Clerck                    

Praktische taxonomie 2008-09

Delineating species

• Problems with the biological species concept:

• only works for sexual organisms

• ignorance about the capability of morphologically 

similar groups of organisms to "potentially" 

interbreeding in nature

Bdelloid rotifers

Some red algae Stylonema
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Delineating species

• Problems with the biological species concept:

• reproductive isolation is a continuous character

a matter of degree rather than presence/absence
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Delineating species

• Problems with the biological species concept:

• how to deal with ring species?

Larus



Delineating species

• Problems with the biological species concept:

• how to deal with ring species?

Phylloscopus trochilus



Delineating species

• Problems with the biological species concept:

• physical constraints ?



Delineating species

• What is a species ? 

o The simpler the question, the more difficult the answer …

o Alternatively, the answer is difficult because the question is 

flawed

• Proliferation of species concepts
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• Proliferation of species concepts
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Delineating species

• What is a species ? 

• The general lineage concept

[De Queiroz 2007]
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Barcoding species

• If species are real and we agree on the ‘general lineage concept’ 

how can we delineate them ?

• The Barcoding option

The value: quick & dirty 

• easy (even machines can do it)

• cheap (compared to the salary of taxonomist)

• fast (96-well plate takes 2 hours to sequence)

The drawback: 

• you pay for simplicity in the long run

• ignorance about speciation



• The central tenet in barcoding 
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• The central tenet in barcoding 

Barcoding species

- Does a barcoding gap equals different 
species ?

- and vice versa ?

- How does sampling affect the gap ?



Barrier to gene flow

Time

ancestral species

selection/
drift

selection/
drift

separately evolving metapopulation lineages 

Beyond the barcoding gap - a more realistic view on speciation



species = 
separately evolving metapopulation lineage

Metapopulation = a group of spatially separated populations that 
are connected at some level



species = 
separately evolving metapopulation lineage

Metapopulation extended through time

time



species = 
separately evolving metapopulation lineages

time

Barrier to gene flow



Phylogeny at the level of populations and species

>>

Species phylogeny Population genetics: 
coalescence process

A B C A B C

Species are metapopulation lineages > new methods for DNA-based species delimitation

Genes: variable > informative below & above species level

Gene trees

• Vital to understanding the process of speciation 

• Span intraspecific and interspecific evolution

(Wright-Fisher 
process)



Barriers to gene flow

Phylogeny at the level of populations and species

coalescence process : individual organisms / allele copy



A B C

T2

T1

Phylogeny at the level of populations and species

Time

separately evolving metapopulation lineages



A B C

T2

T1

A B C

Phylogeny at the level of populations and species

= MRCA

incomplete lineage sortingdeep coalescence



Phylogeny at the level of populations and species

A B C
time



A B C

Phylogeny at the level of populations and species

Trans-species 
polymorphism



A B C

Phylogeny at the level of populations and species

3 species: 
Not reciprocally monophyletic

>>
Trans-species 

polymorphism



Fixation of alleles

Reciprocal 
monophyly

Phylogeny at the level of populations and species

A B C

3 species: 
Reciprocally monophyletic

>>



Phylogeny at the level of populations and species

A B C

• Gene genealogies below and above the 
species level are different in nature

• Young lineages reside within a zone where 
both processes meet

species delimitation

• population genetics

• phylogenetics

>>



DNA-based species delimitation

Single locus coalescent-based approach

• General Mixed Yule Coalescent (GMYC) modeling

Multi locus coalescent-based approach

• Bayesian method (BP&P)



Species-level (speciation & extinction) & population-level (coalescence) evolutionary processes

GMYC-model approach

[Pons, Barraclough et al. 2006, 
Monaghan et al. 2009]

Different branching rates

• Likelihood method
• Single locus DNA data



Raw data

Branching rates on ultrametric tree 
(e.g. relaxed mol. clock tree)

Statistical approach (LRT)

Null model: No separate lineages

Alternative model: Separately evolving lineages

Location of switch from speciation 
to coalescent nodes

Statistical measure of confidence

Software: SPLITS package for R: http:// r-forge.r-project.org/projects/splits

Between species 
branching

Within species 
branching

GMYC-model approach

[Pons et al. 2006, 
Monaghan et al. 2009]

General Mixed Yule Coalescent (GMYC) model

Neutral coalescent model







“Boodlea composita”

“Phyllodictyon anastomosans”

“Boodlea composita”

“Cladophoropsis vaucheriiformis”



Dictyota crenulata

Dictyota ciliolata

Dictyota

184 psbA sequences
logLGMYC = 1672 > logLnul = 1649, 

p < 0.001
39 (34-43) GMYC clusters

[Tronholm et al. unpublished]



Polyphyly

Paraphyly

Monophyly

A B C

Multi-locus methods

[Avise 2000]



Multi-locus methods

[Knowles & Carstens 2007]

species tree – gene tree discordance

Early stages of speciation
• Retention of ancestral polymorphism
• Incomplete lineage sorting
→ different loci have their own gene trees that do not necessarily match 

the species tree

Species tree Gene trees of 6 different loci



• New species delimitation methods 

• Multi-locus data

• Models combining

• Species phylogenies 

• Coalescent processes

• Software

• BP&P [Yang & Rannala 2010]: 
http://abacus.gene.ucl.ac.uk/

• BROWNIE [O’Meara 2010]: 
http://www.brianomeara.info/brownie

• SpedeSTEM [Ence & Carstens 2011]

• Species delimitation – Geneious plugin [Masters, Fan & Ross 2010]
http://www.biomatters.com

Multi-locus methods

Despite the lack of monophyletic 
species, a signal of species divergence 
persists in gene trees of unlinked loci

http://abacus.gene.ucl.ac.uk/
http://www.brianomeara.info/brownie
http://www.biomatters.com/


Multi-locus Bayesian species delimitation

Bayesian method (BP&P)

• Multilocus sequence data

• User-specified species tree

• Prior information:

• population size (Θ)

• divergence times (τ0) 

• Reversible-jump Markov chain Monte Carlo (rjMCMC): estimates posterior 
distribution for species delimitation models

[Yang & Rannala 2010] 





P. hornemannii
P. spinulosa
P. japonica
P. tripinnata
P. harveyii

Wiseman (1973): 
P. hornemannii

Portieria

[Payo et al. unpublished]



Portieria: GMYC analysis

Philippines: 265 cox 2-3 spacer sequences

logLGMYC = 462.92 > logLnul = 449.25, p < 0.001

21 (19-24) GMYC clusters

[Payo et al. unpublished]



Portieria: gene trees
cox 2-3 spacer EF2 rbcL + spacer

[Payo et al. unpublished]



Species tree: *BEAST (cox / EF / rbcL)

Bayesian species delimitation: BP&P

3 prior combinations
• large pop size / deep div.
• small pop size / shallow div.
• large pop size / shallow div.

Portieria: Multi-locus Bayesian species delimitation

21 cryptic 
Portieria species 
in the Philippines

[Payo et al. unpublished]



Species delimitation

• Population genetic methods

• Phylogenetic methods

Probabilistic tests for species boundaries

• Statistical support

• Level of uncertainty

DNA barcoding

• Fast coalescence of mt and cp markers

• Effective in detecting species boundaries

• Useful for large scale analyses of species diversity

Conclusions
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