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Abstract

Over 95% of all metazoan (animal) species comprise the “invertebrates,” but very few genomes from these organisms have
been sequenced. We have, therefore, formed a “Global Invertebrate Genomics Alliance” (GIGA). Our intent is to build a
collaborative network of diverse scientists to tackle major challenges (e.g., species selection, sample collection and storage,
sequence assembly, annotation, analytical tools) associated with genome/transcriptome sequencing across a large taxonomic
spectrum. We aim to promote standards that will facilitate comparative approaches to invertebrate genomics and collabora-
tions across the international scientific community. Candidate study taxa include species from Porifera, Ctenophora, Cnidatia,
Placozoa, Mollusca, Arthropoda, Echinodermata, Annelida, Bryozoa, and Platyhelminthes, among others. GIGA will target
7000 noninsect/nonnematode species, with an emphasis on matine taxa because of the untivaled phyletic diversity in the
oceans. Priorities for selecting invertebrates for sequencing will include, but are not restricted to, their phylogenetic placement;
relevance to organismal, ecological, and conservation research; and their importance to fisheries and human health. We high-
light benefits of sequencing both whole genomes (DNA) and transcriptomes and also suggest policies for genomic-level data
access and shating based on transparency and inclusiveness. The GIGA Web site (http://giga.nova.edu) has been launched

to facilitate this collaborative venture.
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The last 600 million years of evolution have been marked by
the diversification of animal life. Despite the range of body
types and organisms observed among the Metazoa, span-
ning salps, sponges, shrimps, squids, and sea stars, all animals
arose from a common ancestor. Metazoans share a number
of features that distinguish them from other organisms: they
are all mostly multicellular, heterotrophic, and chiefly motile
eukaryotes with intercellular junctions and an extracellular
matrix of collagen and glycoproteins. With the exception of
species that also propagate asexually, some supposedly for
a long time (Danchin et al. 2011), metazoans develop from
embryos arising from a diploid zygote and passing through
a blastula stage, which is followed by cell differentiation and
morphogenesis (Slack et al. 1993; Valentine 2004; Nielsen
2012; Erwin and Valentine 2013). These processes are orches-
trated by a conserved developmental toolkit, including a vari-
ety of transcription factors and signaling pathways, identified

in most metazoan genomes studied so far (Srivastava et al.
2008, 2010).

Invertebrates, i.e. animals without backbones, encompass
about 95% of metazoan diversity (Zhang 2011a). The concept
of invertebrate was first proposed by Lamarck (1801) and is
derived from our anthropocentric view of life—a biological
equivalent of geocentrism that suggests that vertebrates hold
a special status among metazoans. Although invertebrates
clearly represent a paraphyletic assemblage, the term “inver-
tebrate” persists, and the distinction between vertebrates and
invertebrates is upheld in textbooks and university curricula.
As a group of invertebrate zoologists, we have decided to
maintain the distinction here for practical purposes.

Invertebrates play crucial roles in the functioning of most
ecosystems, including many that affect people. Some are par-
asites and disease vectors that affect the health of humans,
livestock, and plant crops. As invasive species, they can have
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devastating ecological and economic effects. But inverte-
brates also provide significant benefits, as many marine
species are harvested or farmed for human consumption
(Ponder and Lunney 1999). For the past four decades, marine
invertebrates have been the focus of research that has led to
the synthetic or recombinant production of drugs, molecu-
lar research tools (e.g, green fluorescent protein) (Chalfie
et al. 1994), and biomedical research probes (Narahashi et al.
1994). Invertebrates also provide inspiration for a number of
biomimetic materials, such as those modeled on spider silk,
the hierarchical structure of glass sponge skeletons (Miiller
et al. 2013), and molluscan nacre, the composite lattice work
comprising mother of pearl (Fratzl 2007). A better under-
standing of the genomes of these animals will enhance our
ability to mitigate their negative impacts as parasites, disease
vectors, and invasive species, and to sustainably manage them
as providers of ecological services and economic benefits.

High throughput sequencing technologies provide us with
an unprecedented opportunity to integrate traditional biologi-
cal approaches with genomic data to describe new aspects of
the functional and structural diversity of invertebrates. We aim
to assemble a global consortium of scientists and institutions
to evaluate the broad spectrum of invertebrate phylogenetic
diversity suitable for whole-genome sequencing, to develop the
standards and analytical tools necessary to maximize the utility
of these genomes for comparative studies, and to sequence,
assemble, and annotate whole genomes and/or transcriptomes
of 7000 invertebrate species. As the first step toward this goal,
we held an inaugural workshop in March 2013.

Although insects represent a lion’s share of animal spe-
cies diversity, they are already the subject of targeted genome
(Robinson et al. 2011) and transcriptome (http://www.1kite.
org) initiatives, as are nematodes (Kumar et al. 2012).
Conversely, noninsect/nonnematode invertebrates represent
a vast phylogenetic and adaptive breadth and diversity in
phenotypes (Figure 1; Edgecombe et al. 2011). Invertebrates
span at least 30 very different body plans commonly referred
to as “phyla.” Noninsect invertebrates inhabit marine, fresh-
water, and terrestrial realms. They are particularly diverse in
the oceans, where all animal phyla originated and most con-
tinue to exist. The estimated number of marine animal spe-
cies ranges from 275 000 to over 5 million (Appeltans et al.
2012; Collen et al. 2012; Scheffers et al. 2012), the vast major-
ity of which are invertebrates.

Invertebrates have long served as model organisms,
providing insights into fundamental mechanisms of devel-
opment, neurobiology, genetics, species diversification,
and genome evolution. Two invertebrates—the fruit fly
Drosophila melanogaster (Adams et al. 2000) and the nema-
tode Caenorhabditis elegans (C. elegans Sequencing Consortium
1998)—were the first animal species targeted for complete
genome sequencing, setting the stage for other invertebrate-
based studies such as i5K for insects (Robinson et al. 2011)
and the 959 Nematode Genome program (Kumar et al.
2012), which target up to several thousand whole-genome
sequencing projects.

Recent years have seen major advances in DNA sequenc-
ing technologies (Mardis 2011; Shendure and Lieberman

Aiden 2012), bringing whole-genome sequencing capabilities
beyond the sole province of well-funded laboratories and
sequencing centers working on model organisms. Human-
based studies such as the ENCODE (Encyclopedia of DNA
Elements) (Ecker etal. 2012) and “Human Microbiome” pro-
jects (Turnbaugh et al. 2007) demonstrate the extraordinary
power of genomic technologies to produce data resources
that can promote hypothesis generation and more powerful
analytical tools. However, the potential for greater insights
stems from comparative research that can place genomic
diversity into a phylogenetic context (e.g,, Rubin et al. 2000).
Technological advances and associated cost reductions now
allow us to sequence whole genomes from a much wider
spectrum of all organisms, broadening our capacity for com-
parative genomics.

The broad and basal phylogenetic placements of inverte-
brates also create opportunities to pose deeper, fundamental
questions regarding classical versus mechanistic reduction-
ist perspectives of biology and how genes actually shape
each organism’s development and physiology (Woese 2004).
Therefore, our group—the Global Invertebrate Genomics
Alliance (GIGA)—represents a concerted effort toward
sequencing invertebrate genomes/ transcriptomes and devel-
oping informatics tools, resources, tissue repositories, and
databases, which will be made publicly available.

The GIGA consortium herein reviews the phylogenetic
status and adaptive and developmental features of potential
species for whole-genome sequencing of invertebrate phyla.
Careful taxon selection, the development of data standards,
and facilitating comparative approaches will maximize the
utility of genomes generated. Collecting whole-genome data
is still a nontrivial task, both technologically and financially,
and the computational constraints on assembling, anno-
tating, and analyzing genomic data remain considerable.
Therefore, GIGA also proposes a series of criteria (outlined
below) for prioritizing invertebrate whole-genome sequenc-
ing projects, including standards for nominating species for
whole-genome sequencing, specimen preparation, and pro-
cessing, as well as general policies governing the distribu-
tion of genomic data as resources for the broader scientific
community.

Scope and Goals

We propose to sequence, assemble, and annotate whole
genomes and/or transcriptomes of 7000 invertebrate spe-
cies, complementing ongoing efforts to sequence verte-
brates, insects, and nematodes (Genome 10K Community of
Scientists [G10KCOS], 2009; Robinson et al. 2011; Kumar
et al. 2012) (Table 1). We have compiled a list of proposed
species to sequence, which will be posted on the new web
portal (http://giga.nova.edu, also available at http://giga-
cos.org) created for distributing information about potential
targets and projects. Selection and prioritization of taxa to be
sequenced will occur through future discussion and coordi-
nation within GIGA. Thus, the target number is a somewhat
arbitrary compromise between the desire to encompass as
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Figure |I. Mectazoan relationships. This phylogeny of Metazoa is largely based on recent phylogenomic analyses by Dunn et al.
(2008) and Hejnol et al. (2009). The basal nodes of the tree are shown as a polytomy based on varying results in recent analyses
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much phylogenetic, morphological, and ecological diversity
as possible and the practical limitations of the initiative.
Given the large population sizes of many invertebrate spe-
cies, collection of a sufficient number of individuals may
be relatively easy for the first set of targets. Collection of
invertebrates usually involves fewer difficulties with regard to
permits than collection of vertebrate tissues. However, some
invertebrate taxa pose various logistic and technological chal-
lenges for whole-genome sequencing: many species live in
relatively inaccessible habitats (e.g, as parasites, in the deep
sea, or geographically remote) or are too small to yield suf-
ficient amounts of DNA from single individuals. These chal-
lenges will be considered with other criteria as sequencing
projects are developed and prioritized.

Animal biodiversity is not constrained by political bound-
aries. Therefore, the geographic scope of the project in terms
of participation, taxa collected, stored, and sequenced, data
analysis and sharing, and derived benefits, requires global
partnerships beyond the individuals and institutions repre-
sented at the inaugural workshop. Because international and
interinstitutional cooperation is essential for long-term suc-
cess, the new GIGA Web site will be used to foster coopera-
tive research projects. For now, the GIGA Web site can serve
as a community nexus to link projects and collaborators, but it
could also eventually expand to host multiple shared data sets
or interactive genome browsers. The broad scope of GIGA
also necessitates growth in the genomics-enabled community
overall. Sequencing and analyzing the large amount of result-
ing data pose significant bioinformatic and computational
challenges and will require the identification and creation of
shared bioinformatics infrastructure resources.

Why Focus on Invertebrates?
Phylogeny

Given the diversity of noninsect/nonnematode/nonverte-
brate animals and the variety of invertebrate body plans, a first
criterion for selecting taxa is phylogenetic. The taxa selected
represent 36 metazoan phyla (Figure 1), acknowledging that
conferring this taxonomic rank on a group can be dynamic
and controversial. Whole or nearly whole-genome sequences
(most genomes only asymptotically approach completeness
but never fully reach it, Eddy 2013) have been published or
submitted to pubic databases for one or a few representa-
tives of 15 phyla (Porifera, Ctenophora, Cnidaria, Placozoa,

Cephalochordata, Tunicata, Craniata, Echinodermata,
Hemichordata, Nematoda, Arthropoda, Annelida, Mollusca,
Platyhelminthes, and Rotifera), but there are currently no
published genomes for the other 21 invertebrate phyla. We
examined current phylogenetic hypotheses and selected key
invertebrate species that span the phylogenetic diversity
and morphological disparity on the animal tree of life (see
Supplementary Material). New invertebrate genome data can
reveal novel sequences with sufficient phylogenetic signal to
resolve longstanding questions.

Developmental Biology

One of the most exciting approaches to understanding the
origins and evolution of animal diversity is detailed com-
parative research on embryological development (i.e., evolu-
tionary developmental biology, or evo-devo). Whole-genome
and transcriptome information can facilitate the success of
such research, just as Hox gene characterizations did decades
before (Ikuta 2011). Gene content, synteny, gene copy num-
ber, and cis-regulatory information are some of the crucial
data that may enable us to address the genotype—phenotype
dilemma. Whole-genome sequencing provides these data in
a comprehensive fashion. In the last decade, every inverte-
brate genome sequence paper has turned these select species
into emerging and important developmental model systems
(Dehal et al. 2002; Putnam et al. 2007, 2008; Srivastava
et al. 2010). The additional evo-devo publications have gen-
erated major insights into the molecular basis of morpho-
logical diversity (Davidson and Erwin 2006; Hejnol 2010).
Invertebrate taxa also include some of the longest living ani-
mals on the planet, such as the ocean Quahog clam Aretica
islandica (maximum reported age 507 years), Lamellibrachia
tube worms (~250 years) (Munro and Blier 2012), coralline
demosponge Astrosclera willeyana (565 £ 70 years) (Worheide
1998), gold coral Gerardia sp. (450-2742 years), black coral
Leigpathes glaberrima (est. ~2377 years) (Roark et al. 20006), and
the immortal Hydra (Boehm et al. 2012)

Speciation, Radiations, and Evolutionary Rates

Invertebrates have considerable potential to inform funda-
mental questions in other aspects of evolutionary biology,
such as how new species form, why radiations occur, and
the genetics of evolutionary stasis. Invertebrate sister spe-
cies pairs now restricted to the Caribbean or eastern Pacific
by the uplift of the Isthmus of Panama provide a superb

(Dunn et al. 2008; Hejnol et al. 2009; Philippe et al. 2009; Schierwater et al. 2009; Pick et al. 2010; Ryan et al. 2010; Nosenko et al.
2013). The position of Xenacoelomorpha is uncertain (dashed lines) and is based on recent studies; it could be the sister group to

Bilateria (Hejnol et al. 2009), or as part of Deuterostomia (Philippe et al. 2011). There is no phylogenomic data for Mesozoa or

Micrognathozoa, and their positions are based on a limited amount of direct sequencing data. Mesozoa (comprising Rhombozoa

and Orthonectida) is shown as a single terminal but may not be a clade. The placement of Phoronida is based in the traditional

placement of the group as close to Brachiopoda. The estimated numbers for extant described and valid species, indicated in

parentheses after the terminal name, are from Zhang (2011a) and for marine groups, from queries of the World Register of
Marine Species (June 2013), http://www.marinespecies.org/aphia.php?p=stats. Notes for terminals indicated by *; Mesozoa
(comprising Rhombozoa and Orthonectida) is shown as a single terminal but may not be a clade. The species count for Rotifera

includes Acanthocephala and for Cnidaria includes Myxozoa.

€102 ‘ST Joquieaag uo 1s8nb Aq /Bio'seulnolploixopaseyl//:dny wouy papeojumoq


http://jhered.oxfordjournals.org/lookup/suppl/doi:10.1093/jhered/est084/-/DC1
http://www.marinespecies.org/aphia.php?p=stats
http://jhered.oxfordjournals.org/
http://jhered.oxfordjournals.org/

GIGA Community of Scientists ¢ Global Invertebrate Genomics Alliance (GIGA)

Table I  Published or in progress whole noninsect/nonnematode invertebrate genome projects
Species Major group Subgroup Size URL Citation
(MB)
Helobdella robusta  Annelida Clitellata 215.44 http://genome.jgi-psf.org/ Simakov et al. (2013)
Helrol/Helrol.home.html
Capitella teleta Annelida Polychaeta 276.69 http://genome.jgi-psf.org/ Simakov et al. (2013)
Capcal/Capcal.home.html
Ixodes scapularis Arthropoda Arachnida 1,896.32  http://www.ncbi.nlm.nih.gov/ Hill and Wikel (2005)
genome/Pterm=txid523
Rhipicephalus Arthropoda Arachnida 144.77 http:/ /www.ncbi.nlm.nih.gov/ Guerrero et al. (2010)
microplis genome/ Pterm=txid2797
Tetranychus Arthropoda Arachnida 89.6 http:/ /www.ncbi.nlm.nih.gov/ Grbic et al. (2007), Grbi¢
urticae genome/?Pterm=txid2710 etal. (2011)
Strigamia Arthropoda Myriapoda 173.61 http:/ /www.ncbi.nlm.nih.gov/ Baylor College of Medicine
maritima genome/Pterm=txid790 (unpublished data)
Branchiostoma Chordata Cephalochordata  480.43 http://genome.jgi-psf.org/Brafll/  Putnam et al. (2008)
Sloridae Brafll.home html
Ciona intestinalis ~ Chordata Tunicata 115.24 http://genome.jgi-psf.org/ Dchal et al. (2002)
Cioin2/Cioin2.info.html
Ciona savignyi Chordata Tunicata 401.48 http:/ /www.broadinstitute.org/ Vinson et al. (2005)
annotation/ciona/
Oikoplenra divica  Chordata Tunicata 66.54 http:/ /www.genoscope.cns.ft/ Seo et al. (2001)
externe/ GenomeBrowser/
Oikopleura
Acropora digitifera Cnidaria Anthozoa 364.99 http:/ /matinegenomics.oist.jp/ Shinzato et al. (2011)
genomes / viewer?project_id=3
Nematostella Cnidaria Anthozoa 297.43 http://genome.jgi-psf.org/ Putnam et al. (2007)
vectensis Nemvel/Nemvel.home html
Hydra Cnidaria Hydrozoa 785.56 http:/ /www.ncbi.nlm.nih.gov/ Chapman et al. (2010)
magnipapillata genome/?Pterm=txid6085
Daphnia pulex Crustacea Crustacea 158.62 http:/ /wileabase.org Colbourne et al. (2011)
Munemiopsis leidyi Ctenophora Lobata 150.34 http://tesearch.nhgti.nih.gov/ National Human Genome
mnemiopsis/ Research Institute
(unpublished data)
Patiria miniata Echinodermata Asteroidea 770.32 http:/ /www.ncbi.nlm.nih.gov/ Baylor College of Medicine
genome/Pterm=txid46514 (unpublished data)
Lytechinns Echinodermata Echinoidea 823.46 http:/ /www.ncbi.nlm.nih.gov/ Baylor College of Medicine
variegatus genome/?Pterm=txid7654 (unpublished data)
Strongylocentrotus BEchinodermata  Echinoidea 936.58 http:/ /www.spbase.org/SpBase/  Sodetgren et al. (2006)
purpuratis
Saccoglossus Hemichordata Enteropneusta 642.31 http:/ /www.ncbi.nlm.nih.gov/
kowalevskii genome/?Pterm=txid10224
Crassostrea gigas ~ Mollusca Bivalvia 491.87 http:/ /www.ncbi.nlm.nih.gov/ Zhang et al. (2012)
genome/?term=txid10758
Pinctada fucata Mollusca Bivalvia 1115 http:/ /matinegenomics.oist.jp/ Takeuchi et al (2012)
pinctada_fucata.
Aplysia californica Mollusca Gastropoda 737.86 http://hgdownload.cse.ucsc.edu/  Broad Institute (unpub-
downloads.html#seahare lished data)
Lottia gigantea Mollusca Mollusca 298.9 http://genome.jgi-psf.org/Lotgil/  Simakov et al. (2013)
Lotgil.home.html
Trichoplax Placozoa Trichoplax 94.75 http:/ /www.ncbi.nlm.nih.gov/ Stivastava et al. (2008)
adhaerens genome/?Pterm=txid354
Schmidtea Platyhelminthes ~ Rhabditophora 865.63 http:/ /www.ncbi.nlm.nih.gov/ Robb et al. (2008)
mediterranea genome/Pterm=txid232
Clonorchis sinensis Platyhelminthes  Trematoda 547.11 http:/ /www.ncbi.nlm.nih.gov/ Wang et al. (2011)
genome/?term=txid2651
Schistosoma Platyhelminthes ~ Trematoda 369.09 http:/ /www.ncbi.nlm.nih.gov/ Zhou et al. (2009)
Japonicum genome/Pterm=txid237
Schistosoma Platyhelminthes ~ Trematoda 329.51 http:/ /www.ncbi.nlm.nih.gov/ Berriman et al. (2009)
mansont genome/ Pterm=txid236
Amphimedon Porifera Demospongiae 144.88 http:/ /www.ncbi.nlm.nih.gov/ Stivastava et al. (2010)
queenslandica genome/ ?term=txid400682
Adineta vaga Rotifera Bdelloidea 218.1 http:/ /www.genoscope.cns.fr/ Flot et al. (2013)

adineta/
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model system for investigating rates and scales of specia-
tion in the sea (Knowlton and Weigt 1998; Lessios 2008).
Spectacular invertebrate radiations, such as the amphipod
crustaceans of Lake Baikal (MacDonald et al. 2005), com-
plement vertebrate lake radiations elsewhere. The sea star,
Cryptasterina hystera, has clocked one of the fastest speciation
rates (~6000 years) on record (Puritz et al. 2012). By con-
trast, invertebrates also include forms that appear to have
remained at least superficially unchanged over long periods
of geological time. Genomic analysis may reveal regulatory
sequences involved in morphological stasis (e.g.,, horseshoe
crabs, blue coral Heligpora, deep-sea lobster Neoghyphea inopi-
nata, sclerosponges), as well as provide insight into rates of
evolutionary change.

Ecology

Invertebrates are major components of marine, freshwater,
and terrestrial ecosystems. Some invertebrates are ecosystem
engineers, such as the scleractinian corals that construct reef
habitats covering only 0.2% of all oceanic surface area yet
supporting up to 25% of total marine biodiversity (Reaka-
Kudla 1997). Invertebrates span all trophic levels, from pri-
mary consumers through widely utilized prey (e.g;, planktonic
copepods) to parasites and apex predators (e.g, Humboldt
squid). In terms of biomass, some invertebrates such as krill
(euphausiids) and copepods dominate pelagic food webs
(Buitenhuis et al. 2006; Atkinson et al. 2009). Benthic and
planktonic invertebrates play crucial roles in carbon and
nutrient cycling in the ocean. In deeper waters without sun-
light, water-column invertebrates cycle carbon through their
trophic networks, and benthic animals (e.g., tubeworms, mus-
sels, clams, gastropods) form partnerships with chemosyn-
thetic bacteria to dominate and define ecosystems such as
hydrothermal vent communities and methane seeps (German
et al. 2011). Genomes of organisms that live in harsh envi-
ronments (i.e., extremophiles) or in intimate symbiosis with
other organisms (e.g,, coral-algal symbioses, highly adapted
parasites) have the potential to radically change our under-
standing of how these organisms survive (Russell et al. 2013;
Flot et al. 2013).

Fisheries and Aquaculture

Invertebrates are becoming increasingly important sources
of protein for human nutrition worldwide. Particularly with
the collapse of a number of vertebrate fisheries, invertebrate
fisheries and aquaculture dominated by mollusks and crusta-
ceans provide food and employment for millions of people
(Glaser and Diele 2004). Prominent examples are bivalves
(oysters, clams, mussels), gastropods (abalone, queen conch),
and cephalopods (squid, octopus, and cuttlefish) among the
mollusks (Stoner 1997), and a variety of decapods (shrimps,
crabs, lobsters, and crayfish) among crustaceans (Neiland
et al. 2001). Gooseneck barnacles are among the most expen-
sive crustacean seafood in Western Europe on a per-kilogram
basis. Echinoderms (sea urchins and sea cucumbers) have
important commercial fisheries, and species of Cnidatia,
Annelida, Tunicata, Cephalochordata, and Sipuncula are

all harvested for human consumption in some countries.
Some invertebrates, such as krill, are harvested for human
nutrition more indirectly, via animal feed or dietary supple-
ments. Finally, not all fished species are food sources; pearl
oysters, abalone, mussels, snails, black/red, and soft cot-
als are harvested for their value in the jewelry or aquarium
trades. A number of large mollusks are similarly fished to
support the tourism market.

Invasive and Pest Species

A number of invertebrates cause environmental problems
around the world. Some are invasive species that have colo-
nized and expanded their numbers into new habitats, often
to the detriment of native species. Examples include the
green crab (Carcinus maenas) and the zebra mussel (Dreissena
polymorpha) in North America, the orange cup coral
(Tubastraea coccinea) in the Gulf of Mexico and Caribbean,
and the giant African land snail (Lissachatina fulica) in many
tropical and subtropical areas. The zebra mussel causes mil-
lions of dollars of economic damage each year by clog-
ging pipes carrying freshwater, and their destructive rapid
growth and biofouling threaten native species of already
endangered pearl mussels. Other invertebrate species are
native but have recently become pests; in the ocean, this
typically occurs because of increases in nutrient levels that
support higher recruitment or growth rates of the pest spe-
cies, or because overfishing of the predators of the pest
species has allowed them to multiply uncontrolled (Galil
2012). Large aggregations of some medusa species nega-
tively impact fisheries, tourism, and power plant cooling
stations. On coral reefs, the most dramatic such pest is the
crown-of-thorns statfish, Acanthaster planci, a major fac-
tor contributing to the decline of coral cover in the Indo-
Pacific (De’ath et al. 2012).

Symbiosis

A wide range of invertebrates forms obligate associations
with microorganisms to establish a holobiont (host + total
symbiont community) that encompasses multiple symbiotic
interactions. Symbiotic microbes catry out specific metabolic
and physiological activities that are mutualistic, commensal,
or neutral within their host. For example, the massive coral
reef structures, critical to tropical marine ecosystems and aes-
thetically pleasing to tourists worldwide, could not develop
without the photosynthetic activity of symbiotic algae liv-
ing within coral tissues (Muscatine and Cernichiari 1969). As
mentioned above, hydrothermal vent communities rely on
chemosynthetic symbioses. Sacoglossan sea slugs consume
algae as food, and also retain and integrate their chloroplasts
into their tissues to continue photosynthesis for the host
slug’s nutrition (Pierce and Curtis 2012). For humans, recent
“Human Microbiome project” has significantly improved the
scientific and public recognition of beneficial symbiont ecol-
ogy and functions for host health and development (Human
Microbiome Project 2012). Thus, the relatively small body
sizes of many invertebrates coupled with their tendency to
cultivate microbial symbioses increase their value as tractable
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models for exploring symbiosis studies in greater depth (Bosch
and McFall-Ngai 2011). Genomic information on these sym-
biotic invertebrates are crucial if we are to understand host
global regulatory networks that coordinate the expression of
symbiotic factors involved in the establishment and commu-
nication between host and microbial symbionts. Furthermore,
coupling metagenomic data of symbionts with corresponding
host invertebrate genomes will enable a better understanding
of symbiont—host interactions. The metagenomes of inver-
tebrate symbioses with microbial consortia may also offer
insights into understanding the production of metabolites
with human health applications (see section “Relevance to
Human Health” and Trindade-Silva et al. 2010).

Threatened, Endangered, and Remarkable Species

Relatively few invertebrates have been listed as extinct, but
a number of them are threatened or endangered. Abalones
(Haliotis spp.) were the first invertebrates listed under the
Endangered Species Act, and all stony coral species are
listed under Appendix II of the Convention on the Trade
of Endangered Species (CITES). Other invertebrates fas-
cinate the public by virtue of their size, such as the giant
squid (Architenthis dux), the giant clam (Tridacna gigas), and
the nemertean bootlace worm Lineus longissimus, which may
reach 54 m in length, perhaps the longest living organism
(Ruppert et al. 2004). The decade-long Census of Marine
Life showcased how small, beautiful, and unusual-looking
invertebrates can engage the public (Knowlton 2010). Thus,
genome sequences from these and other invertebrate species
can be viewed as alternative or parallel measures to zoos and
frozen tissue collections for the conservation of biological
and genetic diversity (Ryder 2005).

Relevance to Human Health

Marine invertebrates are the source of tens of thousands
of biochemical compounds with potential human health
applications (Faulkner 2002; Blunt et al. 2013). In the last
two decades alone (1990-2009), natural products research
on Porifera (Demospongiae) and Cnidatia (Anthozoa) has
resulted in the largest number of chemical “lead” molecu-
lar structures for discovery of novel pharmaceuticals (Leal
et al. 2012). These include the sessile mangrove tunicate,
Ecteinascidia turbinata, and the development of the anti-can-
cer drug, ET-743 (Yondelis®). Gastropod species of Conus
produce more than 100 bioactive peptides in their potent
venom, with little overlap of toxins among species (Olivera
and Teichert 2007). The toxins exhibit a wide range of neu-
rological effects, such as paralysis and analgesia, and one of
the peptides is clinically available for treatment of chronic
pain. With rare exceptions (Olivera and Teichert 2007), the
targets and roles of these chemicals in the animals produc-
ing them are not known. Whole-genome sequences for
invertebrate species that produce bioactive compounds will
provide insights into their chemical roles in nature, their evo-
lution, and the mechanisms that control their production.
Sequences may also facilitate the discovery of other com-
pounds or processes with human health or biotechnological

applications (Russell et al. 2013). Rights to genomic data and
source materials will be protected through GIGA’s compli-
ance with accepted standards for recognition and protec-
tion of intellectual property rights and the Convention on
Biological Diversity (CBD) and other regulations established
by soutce countries (Kursar et al. 2007).

Policy

A main goal of GIGA is to build an international multi-
disciplinary community to pursue comparative invertebrate
genomic studies. We seck to develop tools to enable and facil-
itate genomic research and encourage collaboration. We will
develop standards that ensure data quality, comparability, and
integration. By coordinating sample collecting and sequenc-
ing efforts among invertebrate biologists, we aim to avoid
duplication of effort and leverage resources more efficiently.
We envision a scientific commons where shared resoutces,
data, data standards, and innovations move the generation
and analysis of invertebrate genomic data to a level that likely
could not be achieved with the traditional piecemeal single-
investigator—driven approach.

GIGA embraces a transparent process of project coor-
dination, collaboration, and data sharing that is designed to
be fair to all involved parties. The ENCODE project may
be emulated in this regard (Birney 2012). We are committed
to the rapid release of genomic data, minimizing the period
of knowledge latency prior to public release while protecting
the rights of data product developers (Contreras 2010). The
data accepted as part of GIGA resources will undergo qual-
ity control steps that will follow preestablished and evolv-
ing standards (see Standards section) prior to data release.
Efforts such as those of Albertin et al. (2012) have addressed
data sharing issues relevant to GIGA and other large-scale
genomics consortia.

We also recognize the existence and formation of other
recent genome science initiatives and coordination networks
and will synchronize efforts with such groups through future
projects. Because GIGA 1is an international consortium of
scientists, agencies, and institutions, we will also abide by
the rules of global funding agencies for data release (e.g,
those proposed by the Global Reseatch Council; http://
www.globalresearchcouncil.org). We are aware that differ-
ent nations have different constraints and regulations on the
use of biological samples. Given the international nature of
GIGA, we will work to ensure that national genomic lega-
cies are protected and will consult with the pertinent gov-
ernmental agencies in the countries from which samples
originate. We will deposit sequence data in public databases
(e.g., GenBank), as well as deposit DNA vouchers in publi-
cally accessible repositories (e.g. Global Genome Biodiversity
Network, Smithsonian).

GIGA is an inclusive enterprise that invites all interested
parties to join the effort of invertebrate genomics. We will
attempt to capture the impact of the effort in the wider sci-
entific and public arenas by following relevant publications
and other products that result from GIGA initiatives.
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Standards and Best Practices

GIGA has adopted a set of standards and best practices to
help ensure that genomic resources, data, and associated meta-
data are acquired, documented, disseminated, and stored in
ways that are directly comparable among projects and labora-
tories. These data should be easily and equitably shared among
GIGA members and the broader scientific community, and
GIGA will obey appropriate laws and regulations governing
the protection of natural biodiversity. Briefly, all genome pro-
jects will report on a set of parameters that will allow assess-
ment of genome assembly, annotation, and completeness (e.g,,
NG50, N50 of contigs and scaffolds, number of genes, assem-
bled vs. estimated genome size) (Jeffery et al. 2013). Detailed
descriptions of these standards and compliant protocols will
be posted on the GIGA Web site. These will be revised peri-
odically to facilitate the establishment and maintenance of
current best practices common to many invertebrate genome
and transcriptome sequencing projects and to help guide the
researcher in selecting and assessing genomes for further
analyses. The following recommendations summarize minimal
project-wide standards designed to accommodate the large
diversity of invertebrates, including extremely small and rare
organisms, as well as those that live in close association with
other organisms.

1. Permissions: GIGA participants must comply with trea-
ties, laws, and regulations regarding acquisition of speci-
mens or samples, publication of sequence data, and distri-
bution or commercialization of data or materials derived
from biological resources. Participants must acquire all
necessary permits required for collection and transport
of biological materials prior to the onset of the work.
The CBD recognizes the sovereignty of each nation over
its biological resoutces, and under the auspices of the
CBD, many nations and jurisdictions rigorously regulate
the use and distribution of biological materials and data.
GIGA participants must be aware of these regulations
and respect the established rights of potential stakehold-
ers, including nations, states, municipalities, commercial
concerns, indigenous populations, and individual citizens,
with respect to any materials being collected, to all deriva-
tives and progeny of those materials, and to all intellectu-
al property detived from them. GIGA participants must
also familiarize themselves with the conservation status
of organisms to be sampled and any special permits that
may be required (e.g., CITES). Moreover, GIGA partici-
pants should collect in ways that minimize impacts to the
sampled species and their associated environments.

2. Tield collection and shipping: Methods for field collec-
tion and preservation of specimens and tissues should be
compatible with recovery of high-quality (e.g;, high mo-
lecular weight, minimally degraded) genomic DNA and
RNA (Dawson et al. 1998; Riesgo et al. 2012; Wong et al.
2012). Many reagents commonly used for tissue and nu-
cleic acid preservation (e.g,, ethanol, dry ice) are regulated
as hazardous and/or flammable materials. These reagents
may be restricted from checked and carry-on luggage and

may require special precautions for shipping or transport.
GIGA participants should contact the appropriate airline
carriers or shippers for information regarding safe and
legal shipment of preserved biological materials. When
possible, multiple samples will be collected so that ex-
tractions can be optimized and samples resequenced as
technologies improve. Specimens of known origin (i.e.,
field-collected material) will be favored over specimens
of unknown origin (e.g, material purchased from the
aquarium trade). Collection data will include location
(ideally, with GPS coordinates) and date, and also other
data such as site photographs and environmental meas-
urements (e.g;, salinity) when relevant.

Selection and preparation of tissues: It is often advisable
to avoid tissues that may contain high concentration of
nucleases, foreign nucleic acids, large amounts of mucus,
lipid, fat, wax, or glycogen or that are insoluble, chitin-
ous, or mineralized. To obtain the highest quality material
for sequencing or library construction, it may be prefer-
able to extract nucleic acids from living or rapidly pre-
served tissue from freshly sacrificed animals, from gam-
etes or embryos, or from cell lines cultivated from the
target organism (Ryder 2005; Rinkevich 2011; Pomponi
et al. 2013). When appropriate, select tissues or life his-
tory stages that will avoid contamination by symbionts,
parasites, commensal organisms, gut contents, and inci-
dentally associated biological and nonbiological material.
Whenever possible, DNA or RNA will be sequenced
from a single individual because many taxa display suf-
ficient polymorphism among individuals to complicate
assembly. Similarly, heterozygosity can also hinder assem-
bly: inbreeding may be used to reduced heterozygosity
(Zhang et al. 2012) or, when crossings are impossible (for
instance in asexual species), haplotypes may have to be
assembled separately (Flot et al. 2013).

Quantity and Quality: The quantity of DNA or RNA
required for sequencing varies widely depending on the
sequencing platform and library construction methods
to be used and should be carefully considered. Recent
consensus from the G10KCOS group of scientists sug-
gests that at least 200 — 800 pg of high-quality genomic
DNA is required to begin any project because of the re-
quirement for large insert mate-pair libraries (Wong et al.
2012). However, these minimum quantities are expected
to decline with improving technology. DNA quality can
be assessed by size visualizatons and 260/280 nm ratios.
Quality of RNA will be checked using RNA integrity
number (RIN > 7 is preferred); however, these values
have been shown to appear degraded in arthropods due
to artifacts during quantification (Schroeder et al. 2000;
Winnebeck et al. 2010).

Taxonomic identity: The taxonomic identity of soutce
organisms must be verified. Whenever possible, consen-
sus should be sought from expert systematists, support-
ive literature, and sequence analysis of diagnostic genes
(see next section).

Voucher specimens: As a prerequisite for inclusion as
a GIGA sample, both morphological and nucleic acid
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voucher specimens must be preserved and deposited in
public collections, and the associated accession numbers
must be supplied to the GIGA database. Photographs
should be taken of each specimen and cataloged along
with other metadata. The GIGA Web site lists cooperat-
ing institutions willing to house voucher specimens for
GIGA projects, such as the Smithsonian Institution or
the Ocean Genome Legacy (http://www.oglf.org).
Documentation of projects, specimens, and samples:
Unique alphanumeric identification numbers (GIGA ac-
cession numbers) will be assigned to each GIGA pro-
ject and to each associated specimen or sample used as a
source of genome or transcriptome material for analysis.
A single database with a web interface will be established
to accommodate metadata for all specimens and samples.
Metadata recording will also aim to coordinate and com-
ply with previously established standards in the commu-
nity, such as those recommended by Genomics Standards
Consortium (http://gensc.org/; Field et al. 2011).
Sequencing Standards: Standards for sequencing atre
platform and taxon specific, and sensitive to the require-
ments of individual sequencing facilities. For these rea-
sons, best practices and standards will be established for
individual applications. Coverage with high-quality raw
sequence data is a minimal requirement to obtain reliable
assemblies. An initial sequencing run and assembly will
be used to estimate repeat structure and heterozygosity.
These preliminary analyses will make it possible to evalu-
ate the need for supplemental sequencing, with alterna-
tive technologies aimed at addressing specific challenges
(e.g., mate-pair sequencing to resolve contig linkage).
Moreover, all raw sequence reads generated as part of a
GIGA project will be submitted to the NCBI Sequence
Read Atrchive.

Sequence Assembly, Annotation, and Analyses: Because
assemblies vary widely in quality and completeness, each
assembly should be described using a minimum set of
common metrics that may include: (1) N50 (or NG50)
length of scaffolds and contigs (see explanation of N50
in Bradnam et al. 2013), (2) percent gaps, (3) percent
detection of conserved eukaryotic genes (e.g., Core Eu-
karyotic Genes Mapping Approach (Parra et al. 2007), (4)
statistical assessment of assembly (Howison et al, 2013),
(5) alignment to any available syntenic or physical maps
(Lewin et al. 2009), and (6) mapping statistics of any
available transcript data (Ryan 2013).

The current paucity of whole invertebrate genome se-
quence projects can pose problems for gene calling, gene
annotation, and identification of orthologous genes. In
cases where the genome is difficult to assemble, we rec-
ommend that genome maps be developed for selected
taxa via traditional methods or new methods (e.g, opti-
cal mapping of restriction sites) to aid and improve the
quality of genome assembly (Lewin et al. 2009) and that
GIGA genome projects be accompanied by transcrip-
tome sequencing and analysis when possible. Such tran-
scriptome data will assist open reading frame and gene
annotation and are valuable in their own right.

Selection of Taxa

Our understanding of relationships among the major ani-
mal groups has improved in the last few decades by the use
of ever more powerful genomic approaches (Figure 1). For
example, we now recognize that arthropods and their rela-
tives are more closely related to nematode worms than to
the segmented annelid worms (Aguinaldo et al. 1997), a
finding that contradicts views that dominated zoological lit-
erature for over a century. Subsequent studies have consist-
ently recovered similar results (e.g., Dunn et al. 2008; Hejnol
et al. 2009), although uncertainties of fundamental impor-
tance remain for understanding major evolutionary events.
For example, relationships among some of the major line-
ages of the animal tree of life (Figures 1 and 2), Porifera
(sponges), Cnidaria (corals, jellyfish, anemones, and their
allies), Ctenophora (comb jellies), and Placozoa, are still
not fully resolved (for recent reviews see Edgecombe 2011;
Dohrmann and Wérheide 2013). Several recent studies have
stirred debate regarding the relative positions of cteno-
phores, sponges, and the root of the Metazoa (Dunn et al.
2008; Hejnol et al. 2009; Philippe et al. 2009; Schierwater
et al. 2009; Pick et al. 2010; Ryan et al. 2010; Nosenko et al.
2013). This controversy, compounded by the relatively slow
evolutionary pace of mitochondrial genome evolution in
several basal taxa (Huang et al. 2008), makes the genome
sequencing of more sponges and ctenophores a high prior-
ity for resolving fundamental questions relating to the ori-
gins of animal life and the evolution of animal features such
as the nervous and sensory systems, vision, and musculature.
Whether some of these traits evolved once or multiple times
can only be determined once nonbilaterian relationships
have been resolved unequivocally.

Many of the roughly 70 invertebrate species whose
genomes have been sequenced belong to the Arthropoda
or Nematoda, although the number of other invertebrate
genomes continues to grow (e.g;, Olson et al. 2012; Takeuchi
et al. 2012; Zhang et al. 2012; Simakov et al. 2013; Tsai et al.
2013; Flot et al. 2013). We propose to focus on noninsect/
nonnematode phyla, and specifically on an important group
of currently neglected arthropods, the crustaceans. Below
and in the Supplementary Material, we discuss relevant
details of the phylogeny of major invertebrate taxa and their
suitability for whole-genome sequencing;

Nonbilateria is a paraphyletic group of taxa that do not
possess bilateral body symmetry and comprises the Porifera,
Placozoa, Ctenophora, and Cnidaria. Porifera (sponges) are
benthic aquatic (marine and freshwater) animals, with over
8500 described species distributed over four main extant lin-
eages (Van Soest et al. 2012) (Figures 1 and 2). Their phy-
logeny at various levels, including their placement among
the other nonbilaterian animals, is still intensively discussed
(reviewed in Worheide et al. 2012). Ctenophora (comb jel-
lies) are exclusively marine organisms, ubiquitous in the
global pelagic realm. Only 242 species have been formally
described, and the group’s phylogenetic placement in the
animal tree of life (Figures 1 and 2) is controversial (e.g;,
Dunn et al. 2008; Hejnol et al. 2009; Pick et al. 2010; Philippe
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et al. 2011; Nosenko et al. 2013; reviewed in Dohrmann
and Worheide 2013). Placozoa are small (up to few mil-
limeters across) benthic marine animals that resemble a flat
ciliated disc (Figure 1). Only one species has been formally
described, but the phylum likely is more speciose (Voigt
et al. 2004; Eitel and Schierwater 2010); their phylogenetic
position among nonbilaterians is currently unresolved (e.g.,
Nosenko et al. 2013). Cnidaria occurs in all aquatic environ-
ments and includes more than 12 000 species, including the
Portuguese man-o-war (Physalia), and reef-forming corals
(Figure 2).

Ecdysozoa (molting animals) is a major protostome clade
(Figure 1) proposed by Aguinaldo etal. (1997) thatincludes the
large phyla Arthropoda (Figure 3) and Nematoda (both of tre-
mendous ecological, economic, and biomedical importance)

Demospongiae

and their close relatives (Tardigrada [water bears, 1150 spe-
cies], Nematomorpha [351 species|, Onychophora [velvet
worms; 182 species], Kinorhyncha [179 species|, Loricifera
[30 species], and Priapulida [19 species]). Ecdysozoans are
characterized by their ability to molt the cuticle during their
life cycle, and for having reduced epithelial ciliation, which
requires locomotion via muscular action. They include seg-
mented or unsegmented, acoelomate, pseudocoelomate,
or coelomate animals; many have annulated cuticles and a
mouth located at the end of a protrusible or telescopic pro-
boscis, and some lack circular musculature (i.e., Nematoda,
Nematomorpha, Tardigrada). Here we restrict the proposed
sampling to the noninsect and nonnematode ecdysozoans.
The clade includes the only animals (loriciferans) thought to
complete their life cycles in anoxic environments (Danovaro

Heteroscleromorpha (5341)
r: Haploscleromorpha (1084)

L: Myxospongiae (138)
DAl SPONGES_ Keratosa (558)

Hexactinellida glass sponges I_ Hexasterophora (513)

Porifera sponges

| I Amphidiscophora (177)

Homoscleromorpha  fesh sponges [ Oscarellidae (19)

Calcarea

L Piakinidae (68)

calcareous sponges I_ Calcinea (167)

| I Calcaronea (514)

Placozoa (1)

Sombiees Ctenophora (192)

corals, sea anemones

soft corals, sea pens, gorgonians

Cnidaria

Polypodiozoa (1)

stalked jellies

Staurozoa (48)

Medusozoa

marine & freshwater jellies

Hydrozoa Trachylina (157)
Hydra, siphonophores etc. Hydrowdo\ina (3395)

box jellies

true jellies Scyphozoa (1 86)

Bilateria

(other animals)

Figure 2. Consensus phylogeny of nonbilaterian animals. The Porifera tree and classification is based on Cardenas et al. (2012),
Nosenko et al. (2013), and Woérheide et al. (2012). The Cnidaria tree and classification is based on Collins (2009) and Evans et al.
(2008, 2009). Following the terminal name, in parentheses, is the estimated number of extant described and valid species for that
group based on the World Register of Marine Species as described in the Figure 1 legend, and Myxozoa estimates stem from Lom
and Dykova (2006). When available, common names are written above the branches.
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centipedes

MyrlapOda garden centipedes

Mandibulata

Oligostraca seed shrimps

fish lice, tongue worms

fairy shrimps, water fleas, clam shrimp etc.

Pancrustacea
barnacles
crabs, lobsters, amphipods, isopods, krill
Vericrustacea
copepods

Copepoda (15976)

Remipedia (18
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Figure 3. Consensus phylogeny of the major groups of Arthropoda, based on Regier et al. (2010) and von Reumont et al.

(2012). Following the terminal name, in parentheses, is the estimated number of extant described and valid species for that group
based on Zhang (2011b) and Ahyong et al. (2011). When available, common names are written above the branches.

et al. 2010). This group is also relevant for studies of extreme
cell size reduction. Other than the mentioned arthropod and
nematode genomes, no genome is available for any member
of the Ecdysozoa.

Spiralia encompasses Trochozoa (annelids, mollusks,
brachiopods, and nemerteans), Platyzoa (flatworms, rotifers,
and relatives), Polyzoa, and perhaps Mesozoa (Figure 1). Few
of these taxa have been explored from a genomic perspec-
tive. Mollusca includes 117 358 extant described species,
mostly marine (Figure 4). It currently has eight “classes™
Neomeniomorpha, Chaetodermomorpha, Polyplacophora,
Monoplacophora, Scaphopoda, Gastropoda, Bivalvia, and
Cephalopoda. Around 18 000 species of annelids are cur-
rently recognized (Rouse and Pleijel 2001), and most of
them are polychaete worms. The group also contains earth-
worms and leeches, as well as the former phyla Echiura,
Pogonophora, and Vestimentifera. Sipuncula (peanut
worms) may be the sister group to annelids (Struck et al.
2011) (Figure 4). Nemertea (ribbon worms) can reach
extraordinary lengths (tens of meters) and are almost all
predators. Brachiopods were extremely abundant in the
Paleozoic and are of prime importance as index fossils and
for understanding the evolution of biomineralization (e.g.,

Brunton et al. 2001; Balthasar et al. 2011). Some spiralian
phyla have unparalleled powers for budding (Entoprocta,
Bryozoa, and Cycliophora), which could be useful for regen-
eration studies. In addition, groups like Cycliophora have
complex life cycles in which individuals undergo metamor-
phosis, and larval stages are replaced by a distinct adult body
plan (Funch and Kiristensen 1995).

Deuterostomia is one of the major clades of bilaterian ani-
mals and includes the vertebrates (Figures 1 and 5). Among
its nonvertebrate members, Deuterostomia comprises a
wide diversity of forms ranging from microscopic to huge,
familiar to bizarre, gelatinous to armor-plated, and worm-
like to plant-like. Apart from Craniata (including Vertebrata),
the group includes four major clades: Echinodermata,
Hemichordata, Tunicata, and Cephalochordata, all exclusively
marine. Echinodermata and Hemichordata form a clade
known as Ambulacraria (Figure 5), characterized by similar
dipleurula larval morphology and supported in most phylo-
genetic analyses. Tunicata are the closest relatives to Craniata
and along with Cephalochordata form Chordata (Figures 1
and 5). It also has been suggested that Xenacoelomorpha are
the sister group to Ambulacraria rather than being placed in
a more basal position as seen in Figure 1.
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Conchifera

snails, slugsete,  Gastropoda (62000)
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ribbon worms

lamp shells
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horseshoe worms  Phoronida (1 8)

Figure 4. Combined phylogeny of Mollusca and Annelida. The Mollusca tree is drawn from Smith et al. (2011), while the
consensus phylogeny of Annelida and Sipuncula is based on Rouse and Pleijel (2001) and Struck et al. (2011). As in Figure 1,
following the terminal name, in parentheses, is the estimated number of extant described and valid species for that group based
on the World Register of Marine Species. Additional references for groups with nonmarine species are Bivalvia, which also
includes many freshwater species (Graf 2013); Gastropoda, which includes numerous freshwater and terrestrial species (Cameron
2013); and Clitellata, which includes many freshwater and terrestrial species (Sket and Trontelj 2007; Wetzel and Reynolds 2011).
The species count for the taxon Capitellida includes taxa such as Echiura and polychaetes formetly included in Scolecida, a taxon
now shown to be polyphyletic (Struck et al. 2011). When available, common names are written above the branches.

Conclusions

The answers to fundamental questions about the origins
of animal life and the evolution of their diverse pheno-
types may be held in the genomes of distinct invertebrate
phyla. Seldom-studied taxa may be key to discovering
how neurons, muscles, vision, hormones, immunity, limb
regeneration, camouflage, bioluminescence, coopera-
tion, organismal longevity, and physiological complexities
evolved (Dehal et al. 2002; Hofmann et al. 2005; Putnam
et al. 2007; 2008; Srivastava et al. 2010). Definitive
answers to these questions have ecluded biologists for
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centuries, but technological breakthroughs have now
made it feasible to perform genome-scale studies of non-
model organisms.

Genomic research in the 21°" century touches many
areas of biological enquiry. The biggest challenge facing
the scientific community has shifted from the acquisi-
tion of sequence data to the analysis of the large data
sets generated. GIGA will thus attempt to provide
genomics support allowing the invertebrate biology com-
munity to overcome these challenges while applying the
latest advances from the community of computational
biologists.
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| acorn worms

acorn worms

Ambulacraria

acorn worms

featherstars & sea lilies Crinoidea (635)

sea stars and sea daisies

Echinodermata

Eleutherozoa

Asteroidea (1858)

brittle stars etc.

Ophiuroidea (2073)

sea cucumbers

Holothuroidea (1688)

urchins etc.
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lancelets
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sea squirts
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Figure 5. Phylogeny of Deuterostomia. Note that Xenacoelomorpha is excluded from this figure, but has been proposed to be
the sister group to Ambulacraria (see Figure 1). The tree for Hemichordata is from Worsaae et al. (2012), for Echinodermata from
Janies et al. (2011), for Chordata from Delsuc et al. (20006), and for Tunicata from Swalla et al. (2000). As in Figure 1, the estimated
numbers for extant described and valid species are indicated in parentheses after the terminal name and ate from the World
Register of Marine Species. When available, common names are written above the branches.

A collective effort to sequence thousands of invertebrate
genomes will only be feasible with participation and commit-
ment from the scientific community. The large breadth of
invertebrate diversity will require taxon-specific expertise and
integration of traditional biology with molecular advances,
both in data generation and analysis. The GIGA team has
already expanded beyond initial participants in the first
GIGA planning workshop, where the cooperative spirit and
ability to work in concert to establish a common platform
for data sharing and analysis were demonstrated. The long-
range impact of GIGA will go beyond understanding phylo-
genetic relationships among invertebrate taxa, leading to new
avenues of research in comparative developmental biology,
environmental genomics, biodiversity, and climate change
research, as is routinely done in many recent ecological stud-
ies focusing on gene expression data under stress conditions
(DeSalvo et al. 2008; Bellantuono et al. 2012; Forster et al.
2012; Moya et al. 2012; Barshis et al. 2013; Pérez-Porro et al.
2013; Vidal-Dupiol et al. 2013).

Future efforts will concentrate on expanding the GIGA
community, refining its goals, developing hypotheses, and
establishing genomics research and educational resources.
GIGA welcomes all members of the scientific commu-
nity who wish to contribute to comparative approaches

for understanding the genomic diversity of the large num-
ber of still underexplored animal phyla. We also invite new
members with expertise in rare taxa and with the collection
experience to ensure proper identification and preservation
standards for successful genome sequencing and interpreta-
tions. The link to join can be found at http://giga.nova.edu.
This is an opportunity for those who have devoted their lives
to the study of particular taxa to merge their deeper insights
of the evolutionary history of their organisms into a genom-
ics context. A second, larger GIGA workshop is currently
planned for late 2014. Funding the sequencing of thousands
of invertebrate genomes will require creative and collabora-
tive approaches that go beyond the traditional funding mech-
anisms of individual principal investigator grants (Oleksyk
etal. 2012). While the GIGA team has started exploring pos-
sible funding opportunities, we invite feedback and partici-
pation from the scientific community for joint fund-seeking
strategies and ideas.

Supplementary Material

Supplementary matetial can be found at http://www.jhered.
oxfordjournals.org/.
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