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 The largest genus with > 100 nominal species

 Complex two-tiered operculum

Genus Hydroides Gunnerus, 1768  



Troubles bothering taxonomists  

 Difficult to identify some species due to
 High variability of opercula structure in one species

 Incomplete taxonomic descriptions in earlier studies

 Unsuccessful attempts to develop any molecular 
identification tools within Hydroides



A difficult road: CO1 Barcoding of Hydroides

 Taxon-specific primers work only on 17 species

 No further reference sequences for new primer design

(

(Sun et al. 2012)

(Carr et al. 2011)



Mitochondrial genomes of Hydroides spp.
Hydroides dirampha

Hydroides elegans

Hydroides ezoensis

Hydroides homoceros

Hydroides minax

Hydroides operculata

Hydroides pseudouncinata

Hydroides sanctaecrucis



Testing of new primers 

 Covers around 600 bp of CO1 barcoding region

 Works on all 45 tested species

 A database with 278 sequences of 45 Hydroides species world wide  
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Hydroides parvus

Hydroides albiceps

Hydroides tuberculata

Hydroides trivesiculosus

Hydroides malleolaspina

Hydroides albiceps

Hydroides trivesiculosa
Hydroides bulbosus

Hydroides homoceros
Hydroides nikae

Hydroides exaltata

Hydroides minax

Hydroides bandaensis

Hydroides recta

Hydroides minax
Hydroides novaepommeroniae

Hydroides heterocera
Hydroides bandaensis Hydroides trivesiculosa

Hydroides lirs
Hydroides ancorispina

Hydroides tambalagamensis

Hydroides externispina

Hydroides kimberleyensis

Hydroides tuberculata

Hydroides uniformis

Hydroides ochoterena

Hydroides tuberculata

Hydroides amri

Hydroides inornata/operculata
Hydroides operculata

Hydroides biscuspina?/?

Hydroides pseudouncinata
Hydroides niger

Hydroides crucigera

Hydroides cruciger

Hydroides dirampha

Hydroides similis
Hydroides recurvispina

Hydroides brachyacantha

Hydroides sanctaecrucis

Hydroides dianthus

Hydroides dolabra

Hydroides panamensis

Hydroides gracilis

Hydroides sinesis

Hydroides ezoensis
Hydroides fusicula

Hydroides trompi

Hydroides longispinosus

Hydroides norvegica

Hydroides elegans

Hydroides adamaformis

*
* Hydroides tuberculata

Geographic relationship indicated by barcoding data



Conserved polychaete mitochondrial genome

 Circular

 Around 16kb in size

 37 genes: 13 protein-coding 
genes, 2 ribosomal RNAs and 
22 transfer RNAs

 One long control region

 Putatively conserved gene 
order of protein-coding genes 
and rRNA.

(Boore, 2001)



Mitochondrial genome of Hydroides spp.

 Genome length

(~ 19 kb)

(~ 18 kb)

Siboglinum fiordicum

(19502 bp)



Mitochondrial genome of Hydroides spp.
 Genome composition

 12 protein-coding genes, missing atp8  Duplication events of tRNA  Multi non-coding regions (NCR)

1235bp 213bp 76bp 770bp 111bp 216bp 74bp90bp 220bp

224bp 388bp 55 bp 68 bp 113bp 376bp 139bp 370bp 171bp
77bp 935bp 295bp 235bp 140bp



Mitochondrial gene order and rearrangements of Hydroides spp.



Comparison of gene order of Serpulids and the putative 
ground pattern from Annelida

Hydroides ezoensis

Chitinopoma (Serpulidae)

Putative ground pattern 
from Errantia + Sedentaria

Echiurida

Sipuncula

Amphinomidae

Chaetopteridae

Magelonidae

Oweniidae

Syllidae

Hydroides elegans



Phoronida

Brachiopoda

Nemertea

Mollusca

Bryozoa

Phylogenetic relationship based on mitochondrial genome data
Bugula neritina

Chaetopterus variopedatus Chitinopoma serrula

Hydroides dirampha

Hydroides sanctaecrucis

Hydroides operculata

Hydroides pseudouncinata
Hydroides ezoensis

Hydroides homoceros

Hydroides minax

Hydroides elegans

Hirudo nipponia

Lumbricus terrestris

Clymenella torquata

Orbinia latreillii

Urechis caupo

Eurythoe complanata

Phascolosoma esculenta

Sipunculus nudus

Marphysa sanguinea

Perinereis nuntia

Haliotis tuberculata
Solemya velum

Lineus viridis
Owenia fusiformis

Magelona mirabilis

Phoronis psammophila

Terebratulina retusa

Eclysippe vanelli
Pista cristata
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Ramisyllis multicaudata

Galathealinum brachiosum

Riftia pachyptila

Sedentaria

Siboglinidae Sedentaria

Errantia

Serpulidae
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Serpulidae

Other taxa in the tree



Summary

 First CO1 Barcoding data of half species of the entire genus, 
reveals closer relationships among species of Hydroides from 
close geographic regions.

 Mitochondrial genomes of Hydroides show unusual large 
genome size, non-coding regions, gene order rearrangements, 
and high substitution rate.

 Phylogenetic analysis support the position of Serpulidae in 
Sedentaria.
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