
Molecular approaches

• Taxonomy

• Invasion biology

• Phylogeny



Minimum estimate: 12 zooids 
genotyped per colony 

Diplosoma
wild colonies



Mapping of clones (genotypes) within a wild colony
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RAPD
fingerprints



Two wild colonies each showing
two distinct genotypes

Diplosoma: Chimerism (as revealed by RAPD  fingerprints) is probably 
the result of colony fusion,  not somatic mutation
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Somatic mutation rarely shows
up in RAPD fingerprints



Taxonomy

‘Ciona intestinalis’ includes at least two cryptic species
Nydam & Harrison2007 Marine Biology 151:1839-1847.
Caputi L. et.al. 2007 PNAS 104: 9364-9369
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Marie Nydam data from summer 2007 collection
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Clavelina lepadiformis

Tarjuelo et al. 2001 Marine Biology

First suggestion: parapatric speciation in Atlantic?  Apparent habitat-preference 
differences reflect local adaptation.  Two clades then colonize Mediterranean 
after Messinian salinity crisis.  Or possibly harbour form is introduced.  

Introduction confirmed (Turon et al. 2003 Hydrobiologia): ‘Interior’ form (harbours) 
is the widespread E. Atlantic clade.  Two forms underwent allopatric divergence 
(Atlantic/Med.) then Atlantic form invaded (ships?)

de Caralt et al. 2002 MEPS

Tree of COI haplotypes



Alien species—questions potentially answerable by DNA 
studies:

Sources of introduction : 
• geographical origin? 
• number of individuals involved? 
• repeated or single event?

Patterns of spread : 
• does genetically inferred population history agree with 
the documented expansion?

Genetic signature of introductions : 
• are introduced populations genetically depauperate? 
• how does genetic diversity vary with distance and time 
from the original introduction?

• if diversity recovers over time, is this through 
mutation in situ or ongoing migration?

Reproductive biology:
• balance of sexual (larvae) vs. clonal (dispersive buds)     
in recruitment (P. japonica)

• selfing vs. crossing (C. eumyota, P. japonica)



Corella eumyota

Mitochondrial DNA types (COI 
sequences) �

COI and 7 microsatellite loci: no 
variation in peripheral 
introduced populations in NW 
Europe (but rapid spread).
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Some S. Hemisphere 
populations relatively lacking in 
diversity (introduced? ). But 
microsatellites and mtDNA 
disagree.

Lise Dupont, Aliya El Nagar and 
Rocío Pérez Portela’s data



Perophora japonica

Fleet 2002
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Annual sampling of Plymouth ‘bridgehead’ population of Perophora 
japonica since first occurrence in 1999:

Year

Perophora is failing to spread in the UK and appears to be undergoing 
loss of genetic variability at its single Plymouth site; population in the 
Fleet, Dorset was genetically monomorphic (COI) and became extinct.

Corella eumyota: resampling of populations at 2-3 year intervals to assess 
genetic changes during early colonization. 



Phylogeny

“Phylogenies are fundamental to comparative biology;  there is no doing
it without taking them into account.” 

Joseph Felsenstein

“Cultivate a suspicious attitude towards people who do phylogeny” 
Donald AbbottDonald Abbott

[On phylogenetic issues ...] “I believe the last person I spoke to” 
Charles Lambert



Segmental muscle blocks
Brain

Notochord
Endostyle/thyroid
Muscular postanal tail

Pharyngial gill slits
Dorsal nervous system

Brusca & Brusca (2003)



Delsuc et al.  (2006) Nature

“Tunicates should therefore no longer be considered as ‘primitive’ 
but rather as derived chordates with highly specialized
lifestyles and developmental modes.”



Dunn et al. (2008) Nature 
‘Tree of Life’ compilation



Classification within the tunicates  (generally 18 S rDNA; cytochrome oxidase) 

• Tunicata are monophyletic; traditional orders of ascidians 
(Aplousobranchia, Phlebobranchia, Stolidobranchia) generally supported by 
molecular studies; Tunicata is a monophyletic group.

• Position of Aplousobranchia relative to the others not settled.

• (Placement of Ciona in Aplousobranchia or Phlebobranchia still a problem).

• Need also to consider planktonic classes (Thaliacea, Appendicularia).• Need also to consider planktonic classes (Thaliacea, Appendicularia).

Zeng et al. (2006)

Stach & Turbeville (2002) Turon & Lopez-Legentil (2004) Yokobori et al. (2006)

• Inferred phylogenies put one or both planktonic class/es within ‘Class Ascidiacea’; 
if so, Ascidiacea are a paraphyletic group.



Stach & 
Turbeville 2002
Tunicate 
phylogeny:

Evolution of coloniality

Name

Colonial

Brooding



Coloniality in stolidobranchs: one origin or more?

Zeng et al. (2006) 18s rDNA

• Single origin of coloniality within Styelidae
• Pyuridae polyphyletic (Styelidae monphyletic)



Coloniality in stolidobranchs: one origin or more?

Pérez Portela et al.
(submitted) 18s rDNA

• Multiple origins of coloniality

• Styelidae polyphyletic (Pyuridae 
monophyletic)monophyletic)

• Styela plicata cryptic species



Huber et al. 2000

Loss of tail and 
balance organ in 
ascidian larvae

Tailed
Tailless

larva

[18S and 28S 
(ribosomal) DNA]

Molgula adults

Outgroups

Tailed ascidian larvae


