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 Developing Models 
for Lophotrochozoan and 
Annelid Biology  

  Kenneth M.   Halanych   and   Elizabeth   Borda  

  Department of Biological Sciences, Auburn University, Auburn, AL        

  1.1   INTRODUCTION 

 Most investigators using model organisms assume that, for the question being asked, the 
model acts in a similar (or at least predictably different) way compared to the organism 
of interest (e.g. human, an insect pest, ecologically important taxon). Given the processes 
of evolutionary change, we can expect that similarity in processes or mechanisms and thus 
the ability to extrapolate information are often correlated with phylogenetic relatedness. 
Thus, one might expect that, as a community of scientists, we would try to judiciously 
choose model organisms to span the diversity of organismal lineages. However, phyloge-
netic considerations are only one of several factors that determine the suitability of an 
organism as a model. For example, the ease and cost of propagating lineages in the 
laboratory, generation time and ability to genetically manipulate are also important 
considerations. 

 Nonetheless, model species have historically been heavily skewed toward only two 
of the three bilaterian lineages (i.e. Ecdysozoa, Deuterostoma). Species including the 
ecdysozoans  Drosophila melanogaster  and  Caenorhabditis elegans  and the deuterostomes 
 Mus musculus  and  Danio rerio  dominate the genetic, cellular biology, physiological and 
developmental literature because they are inexpensive to maintain; rearing and breeding 
in a laboratory setting is easy; they exhibit short generation times, and tools for genetic 
manipulation have been well described. Of signifi cance, many of these species were 
subject to large - scale early mutational screens, thereby making them of interest to a wide 
range of scientifi c disciplines. In contrast, these types of screens are lacking for lophotro-
chozoans, the third bilateran lineage that has been largely ignored for holistic (i.e. multi-
disciplinary) model organisms. 

 Because model system choice has been closely tied to the ease of experimentation in 
a laboratory setting, considerations of evolutionary history have been neglected, resulting 
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4 Chapter 1 Developing Models for Lophotrochozoan and Annelid Biology

in the most morphologically diverse branch of Bilateria being overlooked (i.e. Lophotro-
chozoa). This situation has considerable implications for our understanding of animal 
evolution and diversity. In particular, studies on the evolution of developmental mecha-
nisms have been particularly informative because early studies on ecdysozoan and 
deuterostome models, and later studies on cnidarians, have suggested conservation of 
homologous developmental mechanisms, such as axial patterning systems, endoderm 
formation and neuronal formation (Martindale  2005 ). However, some genes (e.g. genes 
related to segmentation) appear to have different roles in the three major bilaterian lineages 
(Seaver  2003 ). Without the inclusion of lophotrochozoan data, we cannot fully understand 
the evolution of these important mechanisms in the context of animal evolution. 

 Admittedly, choosing a holistic model organism within Lophotrochozoa is not easy. 
The challenge of selecting model species that will be used by multiple disciplines to rep-
resent all of Lophotrochozoa is exacerbated by several factors. Two of these factors are 
(1) an unresolved phylogeny for Lophotrochozoa, and (2) genetic and development pro-
tocols for laboratory experimentation have not been adequately developed. Fortunately, 
scientists are making considerable advances on both of these issues.  

  1.2   PHYLOGENETIC CONSIDERATIONS 

 As mentioned, in order for a model organism to be useful, the information must be extra-
polated to other taxa. Thus, a comparative framework is an implicit, but often forgotten, 
component of studies using model organisms. In biological studies, the comparative 
framework is phylogeny. Thus, better understanding of evolutionary history allows more 
refi ned and accurate comparisons to be made. We now have a reasonable understanding 
of most major animal lineages. The most basal lineages are likely sponges and placozoans 
followed by the dipoblastic ctenophores and cnidarians. Within bilaterian animals are three 
major clades: deuterostomes, ecdysozoan and lophotrochozoans. The deuterostomes 
consist of Chordata, Hemichordata, Echinodermata and  Xenoturbella . Major ecdysozoan 
lineages include Arthopoda, Nematoda, Priapulida, Kinorhyncha and their kin. Sister to 
ecdysozoans are lophotrochozoans, which include Annelida, Mollusca, Nemertea, Bryozoa, 
Brachiopoda and their allies. An apparent subgroup of Lophotrochozoa, i.e. Platyzoa, 
includes Playthelminthes (but not Acoelomorpha) and several meiofaunal taxa, such a 
gastrotrichs, gnathostomulids and possibly entoprocts. Our current understanding of animal 
relationships has been recently reviewed elsewhere (Halanych  2004 ; Giribet et al.  2007 ; 
and see Dunn et al.  2008 ), and thus we will only focus on issues of annelid affi nities that 
are germane to this volume. 

 The early diversifi cation of Lophotrochozoa presumably started in the late Proterozoic 
and very early Cambrian (which started 543   mya). Historically, relationships within 
Lophotrochozoa have been diffi cult to resolve in part due to the short time between diver-
sifi cation events, thus allowing little time for the accumulation of phylogentic signal, 
relative to the time since such events (Halanych  1998 ; Rokas et al.  2005 ). Despite this 
limitation, recent molecular studies have made progress in unraveling evolutionary rela-
tionships within Lophtrochozoa. Large ribosomal subunit (LSU) data and combined small 
subunit (SSU)   +   LSU data suggest that platyzoans are among the most derived lineages 
of lophotrochozoans, with annelids occupying a more basal or central position, respec-
tively (Passamaneck and Halanych  2006 ). Unfortunately, support for internal nodes within 
these data is weak. In contrast, express sequence tag (EST) data (cDNA libraries generated 
from expressed messenger RNA that is then sequenced) are becoming a more widely used 



tool and hold promise for helping provide some resolution (Telford et al.  2008 ). Although 
several interesting EST studies have included lophotrochozoans (e.g. Philippe et al. 
 2005   ; Struck and Fisse  2007 ), the work of Dunn et al.  (2008)  includes the best taxon 
sampling of Lophotrochozoa to date (note that all of these studies have large proportions 
of missing data and the infl uence of these missing characters on topology reconstruction 
and robustness of results is not clear). In their analyses, Dunn et al.  (2008)  found annelids 
as sister to a brachiopod   /   phoronid   /   nemertean clade, which in turn is sister to mollusks. 
This general cluster of taxa has been loosely observed previously but without nodal support 
(see Halanych  2004 ). The close placement of mollusks, annelids and nemerteans is in good 
agreement with morphological and developmental information based on larval form, 
cleavage patterns and cell fate (Nielsen  2004 ; Martindale  2005 ). The placement of bra-
chiopods and phoronids close to these taxa is puzzling based on morphological or embryo-
logical grounds, but note that both annelids and brachiopods have similar chaetal structures 
(Orrhage  1973 ). 

 Traditionally, several presumed phyla have been allied with annelids, including sipu-
nulids, echiurids and siboglinids (formerly pogonophorans; Halanych et al.  2002 ). A con-
siderable body of evidence shows that all three of these worm groups are within Annelida 
(McHugh  1997 ; Rousset et al.  2006 ; Struck et al.  2007 ; Dunn et al.  2008 ). Similarly, 
myzostomids, an unusual parasitic group of worms that have been variably placed outside 
annelids, are within the clade (Bleidorn et al.  2007 ). Several molecular studies (e.g. 
McHugh  1997 ; Bleidorn et al.  2003 ; Rousset et al.  2006 ; Struck et al.  2007 ) have placed 
the Clitellata (Oligochaeta   +   Huridinea) well within polychaetes rendering the node that 
defi ned  “ Polychaeta ”  as the same node as Annelida. The following chapter by C. Bleidorn 
more thoroughly covers the advances in annelid relationships, and therefore this discussion 
will be forgone here.  

  1.3   GENETIC AND DEVELOPMENTAL TOOLS 

 Traditionally, the fi eld of genetics has largely driven the development of  “ classical ”  model 
systems using organisms for which a considerable literature and resources existed. 
Advances in molecular genetic technology have the potential to change how model organ-
isms can be established. Namely, with the power of genome sequencing and the availability 
of functional genomic tools, an organism that has received rather limited attention can be 
very quickly developed into a useful multidisciplinary resource. For example, the sea 
squirt  Ciona intestinalis  quickly reached prominence as a deuterostome model organism 
once EST projects began and the genome was sequenced (Satoh et al.  2003 ). 

 In the case of lophotrochozoans, such efforts are being made, but as the scientifi c 
community interested in such resources tends to be fewer in number, they unfortunately 
have a smaller collective voice. Poignant illustrations of this fact are recent decisions by 
the US National Institutes of Health (NIH) to fund major genomic projects on all orders 
of mammals and tens of species of  Drosophila  before much investment has been made 
on annelids or mollusks. Nonetheless, the situation is improving as the gastropod limpet 
 Lottia gigantea , the leech  Hellobdella robusta , the capetillid annelid  Capitella  sp. I and 
the nereidid annelid  Platynereis dumerilii  have been the subject of major genomic efforts. 
All of these animals are emerging model systems, but additional resources need to be 
developed. Also, sequencing of the behavioral and neural model gastropod  Aplysia cali-
fornica , which has a large genome, is under way. Major genome initiatives also have taken 
(or are taking) place for some parasitic platyhelminthes (e.g.  Schmidtea mediterranea, 
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Taenia solium, Schistosoma mansoni ). However, these genomic efforts aim to understand 
the biology of these parasitic organisms versus developing the resources to be used as a 
biological model. 

 Development of these new model systems usually takes into serious consideration the 
ability of genomic information to be used by disciplines such as evolution of developmen-
tal mechanisms or neurobiology. Given that genome projects are getting cheaper and faster, 
the availability of large amounts of genomic data will not be suffi cient to develop a model 
system. Other resources need to be developed. In the case of lophotrochozoans, several 
organisms have been used as models within particular disciplines. For example, the squid 
 Loligo pealei  and nudibranch  Tritonia diomedea  have been used heavily in neurobiology 
for years (see symposium by McPhie and Miller  2006   ). Also, the bivalve  Mya arenaria  
has served as a model for leukemia; snail species of  Illyanassa  have been used in devel-
opmental biology, and  Capitella  species have long been bioindicators in ecotoxicology 
experiments. However, for all of these models, limitations in developing interdisciplinary 
resources (e.g. undeveloped methods for surveying gene expression), life history issues 
(e.g. long generation times) or rearing issues (e.g. hard to maintain in the lab) have hin-
dered the interest in these organisms by other disciplines. 

 Below we highlight some of the  “ up - and - coming ”  annelid systems that may serve as 
models not only for annelids but for Lophotrochozoa as well. We provide only a brief 
description of each, as many of these taxa are discussed in more detail in the chapters that 
follow. For any of these organisms to reach the celebrity status of  “ model organism, ”  the 
community must continue to develop resources that have interdisciplinary appeal.  

  1.4   ANNELID MODEL ORGANISMS 

 Historically, annelid species have been models for specifi c biological disciplines, and 
developing a more interdisciplinary or  “ holistic ”  approach has been underway and con-
tinues to improve. The combination of remarkable diversity in life history adaptations, 
form and function has promoted several annelid species that have the potential to become 
a general model organism. Improved understanding of annelid phylogeny has provided 
more clues toward identifying models that are broadly representative of other lineages. 
Although major efforts are being made toward identifying an appropriate model, currently, 
several annelid lineages hold promise as model systems. The following annelid taxa 
have already been used extensively as models in molecular and developmental biology 
(Weisblat and Shankland  1985 ; Irvine and Seaver  2006 ; references therein). 

  1.4.1    “ The Leech ”  

 One of the most widely used annelids in developmental biology is the leech. The leech is 
a conglomeration of several species representing two families: leeches within Glossi-
phoniidae (i.e.  Helobdella robusta, Helobdella triserialis, Theromyzon tessulatum  
and  Haementeria ghilianii ) and the European medicinal leech  Hirudo medicinalis  
(Hirudinidae) (Sawyer  1986 ; Irvine and Seaver  2006 ). Studies of annelid segmentation 
and development initially came from leeches (e.g. Sawyer  1986 ; Shankland  1991 ). The 
leech embryo is relatively large and exhibits a stereotypical cleavage program, which has 
enabled the description of segment formation during development. 

 Of all leeches,  H. medicinalis  is the most renowned member of Hirudinida.  Hirudo 
medicinalis  was heavily exploited for its sanguinivorous capacity during the late 19th 



century and is one of few invertebrates approved by the U.S. Food and Drug Administra-
tion (FDA) as a medical device (Rados  2004 ).  Hirudo medicinalis  has also been exten-
sively studied with respect to its neurophysiology (e.g. Hagadorn  1966 ; Brodfuehrer et al. 
 2008 ), anticoagulant biochemical properties (e.g. Harvey et al.  1986 ; Mao et al.  1988 ), 
developmental genetics (e.g. Baker and Macagno  2001   ; Venkitaramani et al.  2004 ), behav-
ior (e.g. French et al.  2005 ) and morphology (e.g. Sawyer  1986 ; Orevi et al.  2000 ). The 
lesser - known species of Glossiphoniidae have particularly been amenable to developmen-
tal work (Weisblat and Huang  2001 ). For example, the non - blood - feeding  Helobdella  
species have been used for understanding embryogenesis (e.g. Kang et al.  2003 ), body 
plan development (Bruce and Shankland  1998 ; Kuo and Shankland  2004 ) and segmenta-
tion (Seaver  2003 ). Both  H. medicinalis  and  H. robusta  are subjects of genomic undertak-
ings (ESTs and ESTs and whole genome sequencing, respectively). 

 Surprisingly, recent application of molecular tools has revealed signifi cant issues 
with species identifi cation among leeches. Specifi cally, DNA bar coding and microsatellite 
markers indicates that the FDA - approved and commercially available  H. medicinalis  is a 
different species altogether,  Hirudo verbana  (Trontelj and Utevsky  2005 ; Siddall et al. 
 2007 ). Furthermore, the two widely used  Helobdella  species ( H. robusta  and  H. triserialis ) 
each consist of a species complex (Bely and Weisblat  2006 ). These identifi cation issues 
are likely confounded in the literature (see Chapter  3 ).  

  1.4.2   The Earthworm 

  Lumbricus terrestris , the common earthworm, is likely the best - known annelid because it 
is an easily recognized oligochaete and is widely used as an education tool for invertebrate 
zoology. Like many annelids,  Lumbricus  is a strong biological indicator due to its sensitiv-
ity to soil toxicities and bioaccumulation (e.g. Wright and Stringer  1974 ; Mahmoud  2007 ). 
Although important in agricultural systems,  L. terrestris  is considered a pest of soil com-
munities due to human - assisted introductions that compete with native oligochaete species 
(Eisenhauer et al.  2007 ; Holdsworth et al.  2007 ). In terms of genomics, two species are 
dominating as model oligochaetes.  Lumbricus terrestris  has been the subject of EST 
studies (see GenBank) and has a completed mtDNA genome (Boore and Brown  2000 ), 
and in  2003 , Sturzenbaum and colleagues initiated an EST project for the hummus earth-
worm,  Lumbricus rubellus .  

  1.4.3    Capitella  

  Capitella capitata  is an excellent biological indicator (M é ndez et al.  1998 ,  2001   ) that was 
thought to be a cosmopolitan species dominating polluted marine environments. Allozyme 
and life history data reveal that  C. capitata  comprises a species complex with little mor-
phological variation (Grassle and Grassle  1976, 1977 ; M é ndez et al.  2000   ), suggesting 
that years of environmental data need to be reevaluated. The work by Grassle and Grassle 
 (1976)  identifi ed at least two sibling species, designated  Capitella  sp. I and II as ideal 
laboratory animals for comparative biology. As a result, speciation (e.g. Grassle  1984 ; Du 
et al.  2007 ), ecology (e.g. Tsutsumi et al.  2005 ; Martin and Bastida  2006 ), environmental 
impact (e.g. Cardoso et al.  2007 ) and toxicology (e.g. M é ndez and Green - Ruiz  2006 ) of 
 Capitella  species continue to be of great interest. However, in the recent literature, 
 Capitella  sp. I is one of the best - developed annelid models being used to understanding 
body plan formation and segmentation (Seaver et al.  2005 ; Seaver and Kaneshige  2006 ). 

1.4 Annelid Model Organisms 7
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 Capitella  sp. I was one of the fi rst lophotrochozoan representatives for which whole 
genomic sequence was obtained (completed by the Joint Genome Institute).  

  1.4.4    Platynereis dumerilii  

 Dumeril ’ s clam worm,  P. dumerilii , is a marine annelid that has been the subject of con-
siderable study. In general, when most think of a polychaete worm, they typically envision 
members of the family Nereididae (e.g.  Platynereis, Nereis ), despite the amazing diversity 
of forms across annelid lineages.  Platynereis dumerilii  was chosen as another organism 
well suited for comparative studies in development (Fischer and Dorresteijn  2004 ). The 
study of genes responsible in eye development and photoreception (Arendt et al.  2002 ) as 
well as segmentation (e.g. Prud ’ homme et al.  2003 ; Kulakova et al.  2007 ) in  P. dumerilii  
has expanded our knowledge of developmental mechanism across bilatarians. Further-
more,  P. dumerilii  has been amendable to culturing in the lab, helping it emerge as a 
leading annelid model system, especially among European researchers. Arguments that 
this worm serves as an ancestral or basal model within annelids (Tessmar - Raible and 
Arendt  2003 ) are problematic as this position is not supported by molecular (Rousset et 
al.  2007 ; Struck et al.  2007 ) or morphological (Rouse and Pleijel  2001 ) data. To the con-
trary, nereidids seem highly derived within Phyllodocid worms.  

  1.4.5    Ophryotrocha  sp. 

  Ophryotrocha  species (Dorvilleidae) have been a laboratory model in comparative biology 
since the late 19th century. Our understanding of  Ophryotrocha  biology has resulted from 
comparative studies of several different species. Of the 40 described species,  Ophryotro-
cha labronica, Ophryotrocha puerilis  and  Ophryotrocha diadema  have been heavily 
studied, particularly with respect to reproduction.  Ophrytrocha  exhibits a diversity of 
reproductive modes including gonochorism, and both simultaneous and sequential 
hermaphroditism, which have facilitated comparative studies of reproductive biology 
(Massamba N ’ Siala et al.  2006   ; Prevedelli et al.  2006 ).  Ophyotrocha  species have also 
been important in ecology (e.g.  Å kesson  1976a, b ; Cassai and Prevedelli  1999 ), behavior 
(e.g. Schleicherova et al.  2006 ; Lorenzi et al.  2006 ), development (e.g.  Å kesson  1973 ; 
Jacobsohn  1999 ) and toxicology (e.g.  Å kesson  1970 ; Lee et al.  2006 ). With respect to the 
phylogenetic relationships of  Ophryotrocha  species, recent work based on mitochondrial 
16S (Dahlgren et al.  2001 ) in combination with cytochrome c oxidase subunit I (Heggoy 
et al.  2007 ) remains incongruent with morphology (Pleijel and Eide  1996 ) and warrants 
further study.   

  1.5   OTHER POTENTIAL ANNELID MODELS 

 Several other annelids have also been the subject of considerable study and are worthy of 
mention here. However, a goal of this chapter is not to provide an exhaustive list, but 
rather to provide insight as to why some species may be emerging as models. Three addi-
tional species have been the subject of considerable evolutionary developmental work. 
These include the serpulid  Hydroides elegans  (Seaver et al.  2005 ; Seaver and Kaneshige 
 2006 ; Arenas - Mena  2007   ), the chaetopterid  Chaetopterus variopedatus  (Irvine et al.  1997 ; 
Irvine and Martindale  2001 ; Potenza et al.  2003 ) and the oligocheates  Tubifex tubifex  
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(Oyama and Shimizu  2007 ) and  Paranais litoralis  (Bely  1999 ). Taxonomic issues concern-
ing identifi cation are certainly problematic for  H. elegans  and  C. variopedatus , the latter 
of which has clear tagmosis of the body.  Paranais litoralis  is particularly interesting 
because of its regenerative properties.  Tubifex tubifex , a freshwater oligochaete, has been 
used largely as a food source for cultured animals and as a bioindicator. 

 Annelids have been playing important roles in comparative biology, and although 
a single model system for Annelida may not be possible, the emergence of multiple 
annelid species as models provides a greater advantage in establishing a comparative 
evolutionary framework for a comprehensive understanding of annelid and lophotrocho-
zoan evolution.  
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