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The sequencing of the complete genome of the nematode
Caenorhabditis elegans was a landmark achievement and
ushered in a new era of whole-organism, systems analyses of
the biology of this powerful model organism. The success of
the C. elegans genome sequencing project also inspired com-
munities working on other organisms to approach genome
sequencing of their species. The phylum Nematoda is rich and
diverse and of interest to a wide range of research fields from
basic biology through ecology and parasitic disease. For all
these communities, it is now clear that access to genome scale
data will be key to advancing understanding, and in the case
of parasites, developing new ways to control or cure diseases.
The advent of second-generation sequencing technologies,
improvements in computing algorithms and infrastructure
and growth in bioinformatics and genomics literacy is making
the addition of genome sequencing to the research goals of
any nematode research program a less daunting prospect.
To inspire, promote and coordinate genomic sequencing
across the diversity of the phylum, we have launched a
community wiki and the 959 Nematode Genomes initiative
(www.nematodegenomes.org/). Just as the deciphering of the
developmental lineage of the 959 cells of the adult
hermaphrodite C. elegans was the gateway to broad advances
in biomedical science, we hope that a nematode phylogeny
with (at least) 959 sequenced species will underpin further
advances in understanding the origins of parasitism, the
dynamics of genomic change and the adaptations that have
made Nematoda one of the most successful animal phyla.

Introduction

The phylum Nematoda is fascinating because it is the most
ubiquitous, numerous and diverse of all animal phyla, present in
just about every ecological niche on our small planet. Nematodes
have been indispensable for research programs in developmental
biology,' genome biology,>* evolutionary genomics,” neurobiol-
ogy,” aging,’ health” and parasitology.®

In the last two decades, DNA sequencing technology has
evolved dramatically and allowed us to create genome resources
for many of these nematodes, which have transformed our
understanding of the biology of not just this phylum, but of all

organisms.”"?
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Raw sequencing costs have dropped five orders of magnitude"
in the past ten years, which means that it is now a viable research
goal to obtain genome sequences for all nematodes of interest,
rather than just a few model organisms. Inspired by large-scale
genome initiatives for other major taxa'*'” we have initiated a
push to sequence, in the first instance, 959 nematode genomes.
Why (only) 959 genomes? The adult hermaphrodite C. elegans
has 959 somatic cells, and one of the first major projects that
turned C. elegans from a local curiosity into a key global research
organism was the deciphering of the near-invariant developmental
cell lineage that gives rise to these adult cells, starting from the
fertilised zygote. In an analogous way we hope that a nematode
phylogeny (the evolutionary lineage of the extant species) with
959 or more species will be similarly catalytic in driving nematode
research programs across the spectrum of basic and applied
science. Obviously, as sequencing technologies improve and
become more accessible, we will move beyond this initial goal of
959, especially with over 23,000 described species and an
estimated one to two million undescribed species in the phylum.

The goal of this article is to describe the current status of
nematode genome research, to encourage everyone to sequence
their favorite nematode and to share genome sequencing
experiences and data. We show how inexpensive it has become
to obtain high quality draft genomes and introduce the 959
Nematode Genomes wiki'® as a way to collate and track
sequencing projects worldwide.

The Genomes We Have

The worm community has been at the forefront of animal
genome sequencing since 1998, when Caenorbabditis elegans was
the first metazoan to be fully sequenced.” The C. elegans genome
and its extensive annotation is accessible through the WormBase
portal."” WormBase was one of the first databases to integrate
genomic, genetic and phenotypic data, and its curators aim to
catalog and link all C. elegans literature and research, including
large scale analyses such as modENCODE.*

Since the release of the C. elegans genome, nine other nematode
genomes have been published, including six species parasitic in
plants and animals (Table 1). Only C. elegans and C. briggsae have
been sequenced to “finished” status® with all sequence data
organized into chromosome-sized pieces. The remaining eight are
high-quality draft genomes and all ten can be accessed at
WormBase'® through graphical genome browsers and via bulk-
data downloads.

On the 959 Nematode Genomes wiki, 26 additional genome
sequencing projects are listed with publicly available draft
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Table 1. Published nematode genomes
Species Systematic Year Technology Genome Number of Scaffold N50 AT content Number of
position Published Size (Mbp)* chromosomes or (kbp)** (%)* genes/
(Blaxter Clade, scaffolds in proteins®
Helder Clade¥*) assembly®
Caenorhabditis V, 9E 19982 Sanger 100 6 chromosomes 17,494 64.6 20,461 / 25,244
elegans
Caenorhabditis V, 9E 20033 Sanger 108 6 chromosomes + 5 17,485 62.6 NA / 21,986
briggsae fragments
Brugia malayi 1, 8 2007°2 Sanger 96 27,210 38 69.4 18,348 / 21,332
Meloidogyne hapla v, 11 2008** Sanger 53 3,452 38 726 NA / 13,072
Meloidogyne incognita v, 11 2008% Sanger 82 9,538 13 68.6 NA /21,232
Pristionchus pacificus V, 9B 2008% Sanger 172 18,083 1,245 57.2 NA / 24,217
Caenorhabditis V, 9E 2010% lllumina 80 33,559 9 63.7 22,662 / 26,265
angaria
Trichinella spiralis I, 2A 20113¢ Sanger 64 6,863 6,373 66.1 16,380 / 16,380
Bursaphelenchus IV, 10D 2011% Roche 454, 75 5,527 950 59.6 18,074 / 18,074
xylophilus lllumina
Ascaris suum i, 8 2011% lllumina 273 29,831 408 62 18,542 / 18,542

*Nematoda systematic clades as defined by Blaxter et al?' and Holterman et al.?® *Nuclear genome only, not including mitochondria or endosymbionts,
computed from WormBase release WS227 where available or from data URLs in Table 2. *Scaffold N50: Half the assembly is in scaffolds of this size or larger

in the nuclear genome.

assemblies and, in some cases, annotations (Table 2). Seven of
these are hosted at WormBase and the rest are available either
through the 959 Nematode Genomes website or at sequencing
center websites. These draft genomes are expected to have at least
95% of the genes present in multi-gene sized contigs, but the
exact ordering and chromosomal location of the contigs is usually
not known. Despite these shortcomings, draft data are very useful
for comparative and evolutionary genomics or simply for
identifying single genes of interest. Early access to these data
not only allows researchers to test hypotheses, but, equally
importantly, to identify potential problems eatly in the assembly
process. Researchers wishing to publish analyses using pre-
publication draft data should contact the sequencing center or
lead researchers for permissions (and also to see if better versions
of these data are or will soon be available).

Why We Need More: One Nematode Genome Does
Not a Phylum Make

C. elegans is an excellent model nematode and its genome, with its
wealth of annotation, is an excellent model genome. However
C. elegans cannot be taken to represent all nematode genomes
(Fig.1). We know that C. elegans is quite derived within
Nematoda® and that it lacks many genes shared between other
nematodes and other Metazoa.”” Nematode genomes have been
sized from 20 Mb to 500 Mb (i.e., one fifth to five times that
of C. elegans)” Sequenced nematode genomes range from
Meloidogyne hapla® at 54 Mb to Ascaris suum™ at 273 Mb.
Interesting genomic features in other species include chromatin
diminution in Ascaris suum and other ascaridids (i.e., the germline

has a larger genome than the soma®®), aneuploid triploidy in the
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Meloidogyne incognita genome” and the presence of obligate,
vertically-transmitted symbiont alphaproteobacterial Wolbachia
and their genomes inside the cells of many filarial nematodes.”®

Apart from understanding genome organization and origins,
richer sampling of sequenced genomes would allow a better
understanding of the phylogeny of Nematoda and the evolution-
ary dynamics of important traits—such as parasitism of plants and
animals—and developmental modes. The most comprehensive
molecular phylogenies of Nematoda have been based on a single
gene, the ~1600 bp nuclear small subunit rRNA locus,”"**?° but
this single locus is insufficient for robust resolution of the deep
divergences in the phylum. Methods for generating large-scale
multi-gene phylogenies now exist and can be applied even to draft
genomes.

When large scale expressed sequence tag (EST) sequencing was
first performed,® new insights into nematode gene evolution
became possible from the partial catalogs of expressed genes.*
More nematode genomes, even draft-quality ones, take those
insights several steps further, as they allow analysis of complete
gene catalogs. Additionally, whole-genome resources include non-
genic regions, such as the regulatory regions upstream of genes,
which are often even more conserved than coding regions and
may function in developmental regulation.’*

How to Make More

C. elegans was sequenced over a decade ago using Sanger
sequencing. At that time, sequencing the genome to ten-fold
depth took a decade and cost roughly $10 M. Once the
sequencing was completed, similar resources were required to
finish the genome. Sanger sequencing is still considered the gold
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Table 2. Nematode species for which published or draft genome data are publicly available

Species (Strain) Status Genome data and browser URLs
Ascaris suum (Davis) ongoing www.ncbi.nlm.nih.gov/nuccore/320321071
Ascaris suum (Victoria/Ghent) published ftp://ftp.wormbase.org/pub/wormbase/species/a_suum/
Ascaris suum (WTSI) ongoing www.sanger.ac.uk/resources/downloads/helminths/ascaris-suum.html
Brugia malayi (TRS) published www.wormbase.org/db/gb2/gbrowse/b_malayi
ftp://ftp.wormbase.org/pub/wormbase/species/b_malayi/
Bursaphelenchus xylophilus (Ka4C1) published www.genedb.org/Homepage/Bxylophilus
Caenorhabditis angaria (PS1010) published www.wormbase.org/db/gb2/gbrowse/c_angaria/
ftp://ftp.wormbase.org/pub/wormbase/species/c_angaria/
Caenorhabditis brenneri (PB2801) complete www.wormbase.org/db/gb2/gbrowse/c_brenneri/
ftp://ftp.wormbase.org/pub/wormbase/species/c_brenneri/
Caenorhabditis briggsae (AF16) published www.wormbase.org/db/gb2/gbrowse/c_briggsae/
ftp://ftp.wormbase.org/pub/wormbase/species/c_briggsae/
Caenorhabditis elegans (N2) published www.wormbase.org/db/gb2/gbrowse/c_elegans/
ftp://ftp.wormbase.org/pub/wormbase/species/c_elegans/
Caenorhabditis japonica (DF5081) complete www.wormbase.org/db/gb2/gbrowse/c_japonica/
ftp://ftp.wormbase.org/pub/wormbase/species/c_japonica/
Caenorhabditis remanei (PB4641) complete www.wormbase.org/db/gb2/gbrowse/c_remanei/
ftp://ftp.wormbase.org/pub/wormbase/species/c_remanei/
Caenorhabditis sp 11 (JU1373) ongoing genome.wustl.edu/pub/organism/Invertebrates/Caenorhabditis_sp11_JU1373/
Caenorhabditis sp 5 DRD-2008 (JU800) ongoing nematodes.org/downloads/959nematodegenomes/blast
Caenorhabditis sp 7 (JU1286) ongoing ftp://ftp.wormbase.org/pub/wormbase/species/c_sp7/
Caenorhabditis sp 9 (AC-2009 JU1422) in annotation ftp://ftp.wormbase.org/pub/wormbase/species/c_sp9/
Dictyocaulus viviparus (Not specified) ongoing www.nematode.net/

Dirofilaria immitis (Edinburgh/TRS/Basel) in annotation nematodes.org/downloads/959nematodegenomes/blast
Globodera pallida (Not specified) ongoing www.sanger.ac.uk/sequencing/Globodera/pallida/
Hemonchus contortus (Moredun) ongoing www.sanger.ac.uk/Projects/H_contortus/

ftp://ftp.wormbase.org/pub/wormbase/species/h_contortus/
Heterorhabditis bacteriophora (M31e) in annotation genome.wustl.edu/genome.cgi?GENOME=Heterorhabditis%20%20bacteriophora
Howardula aoronymphium (Jaenike) ongoing nematodes.org/downloads/959nematodegenomes/blast
Litomosoides sigmodontis (lab strain established ongoing nematodes.org/downloads/959nematodegenomes/blast
from Cameroon by Odile Bain)
Loa loa (Nutman/Broad) in annotation www.broadinstitute.org/annotation/genomef/filarial_worms/MultiHome.html
Meloidogyne hapla (VW9) published www.hapla.org/

www.wormbase.org/db/gb2/gbrowse/m_hapla/
ftp://ftp.wormbase.org/pub/wormbase/species/m_hapla/

Meloidogyne incognita (Morelos) published www.inra.fr/meloidogyne_incognita
www.wormbase.org/db/gb2/gbrowse/m_incognita/
ftp://ftp.wormbase.org/pub/wormbase/species/m_incognita/

Nippostrongylus brasiliensis (lab strain) ongoing www.sanger.ac.uk/sequencing/Nippostrongylus/brasiliensis/
Onchocerca ochengi (Cameroon/wild) in annotation nematodes.org/downloads/959nematodegenomes/blast
Onchocerca volvulus (Nutman/Broad) ongoing www.broadinstitute.org/annotation/genome/filarial_worms/MultiHome.htm|
Onchocerca volvulus (WTSI/wild Liberia) ongoing www.sanger.ac.uk/resources/downloads/helminths/onchocerca-volvulus.html
Oscheius tipulae (CEW1) ongoing nematodes.org/downloads/959nematodegenomes/blast
Pristionchus pacificus (California) published www.pristionchus.org/

www.wormbase.org/db/gb2/gbrowse/p_pacificus/
ftp://ftp.wormbase.org/pub/wormbase/species/p_pacificus/

Strongyloides ratti (ED321) in annotation www.sanger.ac.uk/resources/downloads/helminths/strongyloides-ratti.html
Teladorsagia circumcincta (Not specified) ongoing www.sanger.ac.uk/resources/downloads/helminths/teladorsagia-circumcincta.html
Trichinella spiralis (Not specified) published www.nematode.net/

www.wormbase.org/db/gb2/gbrowse/t_spiralis/
ftp://ftp.wormbase.org/pub/wormbase/species/t_spiralis/

Trichuris muris (E isolate) ongoing www.sanger.ac.uk/Projects/T_muris/

Wuchereria bancrofti (Nutman/Broad) in annotation www.broadinstitute.org/annotation/genome/filarial_worms/MultiHome.html

Note: See www.nematodes.org/nematodegenomes/index.php/Strains_with_Data for an up-to-date list.
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Figure 1. Systematic tree of Nematoda indicating current sequenced, in progress or proposed genome sequencing projects. The systematic arrangement
of Nematoda is based on De Ley and Blaxter;”' the clades defined by Blaxter et al.?' and van Mengen et al.>* are indicated. For each major group we
summarize the trophic ecology (microbivore, predator, fungivore, plant parasite, non-vertebrate parasite or associate, vertebrate parasite) and the
number of species for which genome projects are reported in the 959 Nematode Genomes wiki. Figure developed from Blaxter.>

standard in terms of quality, but because of the high cost and time
investment, it is unlikely that there will be any more Sanger-
sequenced nematode genomes.

Sequencing the C. elegans genome was based on an array of
mapped and ordered large-insert genomic clones, which greatly
facilitated assembly. Most genome sequencing today avoids this

www.landesbioscience.com

time-consuming step and uses only whole-genome shotgun
sequencing. As a result, current genome projects typically result
in draft genomes with multi-gene sized contigs rather than
chromosome-sized sequences. The substantial additional effort
required to finish a genome is necessary if the goal is to study
chromosome organization or long-range regulation. However,
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many questions about phylogenetics, gene evolution and shared or
novel gene functions can be approached using high-quality draft
genomes generated at a tiny fraction of the time and cost of a
finished genome.

Second-generation sequencing platforms have dramatically
reduced costs and increased throughput, with the trade-off of
reduced read length compared with Sanger dideoxy reads (Table 3).
Shorter reads mean that most genomic repeats are longer than a
read, and the only way to attempt to resolve them in a genome
assembly is to use pairs of reads sequenced from opposite ends of
fragments that are longer than the repeats. Sophisticated assembly
programs that use high sequencing depth and multiple insert
libraries to get around the problems of sequencing errors and
repeats have been developed specifically for second-generation
data.*

Each platform has different read lengths and error profiles that
affect their suitability for de novo genome sequencing projects.
The Illumina platforms generate reads up to 150 bases and are the
workhorses of sequencing projects. Illumina sequencing errors are
usually miscalled bases and higher read-depths are recommended
to consensus-correct such errors. Roche 454 reads can extend to
750 bases but are more expensive than the shorter-read
technologies. In Roche 454 data, sequencing depths higher than
30-fold are not recommended® because homopolymer errors
accumulate and confound assembly algorithms. Life Tech’s
SOLID technology generates short (-75 base) reads but is not
suitable for de novo genome sequencing because each base is
represented by two “colors” (readings) and sequencing errors are
difficult to identify in the absence of a reference sequence.

Different combinations of technologies, insert lengths and
depths of coverage can be employed to exploit the best
characteristics of each and minimise known classes of errors. In
particular, paired-end sequencing from a mix of library insert sizes
appears to be optimal for de novo assembly, using short-insert
(200-700 bp) paired end (PE) libraries complemented by long-
insert (1-20 kb) mate pair (MP) libraries. While PE data derive
from directly captured genome fragments and are thus largely free
of chimaeras, construction of MP libraries involves additional
manipulations, including circularisation of long DNAs, that can
result in high proportions of chimaeric or aberrantly short virtual
inserts. MP data are typically used for scaffolding contigs
generated from PE data, which are generated in higher coverage.
Deep sequencing of the transcriptome can also yield scaffolding

Table 3. Current sequencing costs, throughput and read lengths

information,” linking genome sequence contigs that contain
exons for a gene that cannot be joined by genome sequence data
because of repeats.

In the last year, genome sequences have been published for four
nematode species. Each project used different sequencing
strategies. The genome of Trichinella spiralis was determined
using traditional Sanger dideoxy sequencing,®® with a 33-fold base
coverage in the final assembly. Bacterial artificial chromosome
clones and multiple-size insert clone libraries were used to scaffold
the 64 Mb genome. The Bursaphelenchus xylophilus’” genome was
sequenced using Illumina PE and Roche 454 single-end reads for
basic contig generation and Roche 454 MP for scaffolding
contigs. For Caenorbabditis angaria,”® lllumina PE (from libraries
with multiple insert sizes from 200-450 bp) totalling 170-fold
coverage were used, and then deep transcriptome data (Illumina
RNA-Seq) were used to improve this assembly. This was the first
genome project to use RNA-Seq reads to scaffold genomic
contigs. Two versions of the A. suum genome have been released.
Wang et al.?® generated an assembly using Roche 454 and
[lumina data from short insert libraries and mate-pair data from
5.5 kb libraries sequenced using Sanger dideoxy technology as
part of an extensive transcriptome sequencing project. Jex et al.*’
used a mix of Illumina PE 170 bp and 500 bp PE reads,
scaffolded with Illumina MP data from 800 bp, 2 kb, 5 kb and
10 kb libraries. Interestingly, these long-insert MP libraries were
generated from DNA that was whole-genome amplified using
strand-displacing isothermal amplification, a technology that
holds great promise for additional nematode genome projects
where starting materials may be limiting.

So which strategy should you use? If you are on a bargain-
basement budget and want the most value for money, a single lane of
[lumina HiSeq2000 PE (100 bases plus 100 bases) sequencing with
multiplexed 300 bp and 600 bp PE libraries can provide a highly
usable draft genome. For example, in our laboratory, Caenorhabditis
species 5 was recently sequenced using this strategy and resulted in a
draft assembly spanning 131 Mb in only 16,384 scaffolds, with more
than half the assembly in scaffolds larger than 31 kb (S. Kumar, A.
Cutter, M-A. Felix, M. Blaxter, unpublished; see www.nematodes.
org/nematodegenomes/index.php/Caenorhabditis_sp._5_DRD-
2008_JU800). Roche 454 data are more expensive base for base
than Illumina, but usually assemble into longer contigs at the
same effective coverage. Mate pair data serve to scaffold the
primary contigs generated from single-end Roche 454 or PE

Technology Read length Error model Recommended Cost per Cost per 100  Throughput  Time per 100 Mb
(bases) sequencing base Mb genome (bases/ day/ genome per
depth (£/€/9) (£/€/9) instrument)  instrument (days)
Sanger 1000-1500 Gold standard, accurate base 10 X 1073 10° 10° 10°
dideoxy quality, typical error probability
0.0001
Roche 454 400-1000 Homopolymer errors 20-30 X 10°° 2 x 10° 5 x 10® 5
FLX/FLX+
lllumina 100-150  Typical error probability 0.01, 50-100 X 1077 10° 10" 1
HiSeq2000 Lower quality toward end of
read
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Hlumina sequencing and significantly improve the assembled
fragment lengths. Construction of MP libraries for Illumina or
Roche 454 sequencing requires much more and higher quality
starting DNA than do PE libraries and MP libraries are more
costly to produce. In addition to genomic sequencing, a single
lane of Illumina HiSeq2000 RNA-Seq data (100 base PE reads
from 300 bp libraries made from RNA pooled from many stages)
is highly recommended for aiding assembly and annotation.

The Costly As: Assembly, Annotation and Analysis

The generation of the raw sequence data are rapidly becoming a
marginal cost in a genome sequencing program: the relative cost
and time taken for assembly, annotation and analysis post-
sequencing is much greater. Raw reads need to be quality checked,
checked for contaminants and assembled. The assemblies need to
be verified and possibly repeated in turn and then annotated to
identify genes and other genomic features of interest such as
regulatory regions, repeats and transposons. The intricacies of
assembly algorithms, assembly strategies and annotation options
are beyond the scope of this article, but a wide variety of excellent
methods and tools have been published.*** The most
comprehensive recent analysis of assembly strategies for complex
eukaryotic genomes was the Assemblathon.®* If all goes well, a
nematode genome can, in theory, be shepherded from DNA
extraction to an annotated assembly and be ready for further
analyses in as little as a month.

Both bioinformatics and sequencing technologies are changing
so rapidly that recommendations on strategies may quickly
become obsolete. For bioinformatics solutions, the most up-to-
date tips and recommendations will probably come from low-
latency sources such as conference presentations, blog posts,
forums, crowdsourced Q & A sites and collaborative wikis such as
959 Nematode Genomes (as described below). For sequencing,
the two emerging wet laboratory technologies that could
dramatically change how we sequence nematodes are whole
genome amplification and single-molecule sequencing.

Whole-genome amplification (WGA) has been used to generate
sufficient quantities of DNA from tissues of single A. suum for
MP libraries.”® This opens the prospect of using WGA on single
nematode specimens, though the mass of DNA input from A
suum used by the BGI team (200 ng) is much more than is
present in most individual nematodes (one C. elegans adult
contains ~200 pg). Proof that amplification does not overly bias
sequencing coverage or generate chimaeras that mislead assembly
algorithms would be a major advance. Sequencing from single
nematodes will reduce the assembly issues arising from extremes
of heterozygosity observed in wild populations and will allow
researchers to select specimens directly from environmental
samples.

The promise of single-molecule sequencing is the generation of
ultra-long reads (several kilobases) from templates that have
undergone a minimum of in vitro manipulation. It is well
recognized in second-generation sequencing that the several PCR
steps involved can exclude some regions of a genome from
sequencing and positively bias sequencing to regions that have GC
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content closer to 50%. Ultra-long reads could span repetitive
regions and thus ease assembly. PacBio SMRT* is the first single-
molecule technology to be released commercially and can produce
reads over 2 kb, but has relatively low throughput and an accuracy
far lower than second-generation sequencers. Another single-
molecule technology is from Oxford Nanopore,*® which promises
high-quality, high-throughput reads with no theoretical length
limit. However, the company has not yet released any data or
metrics on error rates, read lengths, throughput or costs, so all we
can say is that the technology will change genome sequencing if it
works.

Keeping Track Using the 959 Nematode
Genomes Wiki

We set up the 959 Nematode Genomes wiki (95ING wiki) at
www.nematodegenomes.org to keep track of genomes being
sequenced and published.’® As second-generation sequencing
becomes more accessible, we anticipate that several hundred
nematodes will be sequenced in the next few years. Although the
INSDC databases (GenBank/ENA/DDB]) are the first sources that
most of us turn to when looking for sequences from or related to
our organism of interest, genomes are often deposited there only at
the time of publication, and this can yield the impression that no
project is underway. We hope the 959NG wiki will enable genomic
resources to be shared pre-publication, avoid duplication of effort,
allow new genomes to be proposed and forge collaborations
between researchers interested in the same species or clade.
Web-based databases for tracking genome sequencing projects
are not a new idea and we know of at least four (diArk,?
OnLine Database (GOLD),”® The International
Sequencing Consortium (www.intlgenome.org) and Genome
News Network (www.genomenewsnetwork.org). However, only

Genomes

the first two are currently maintained and all four rely on centrally
updating the database whenever a new genome is proposed or
released. As 959NG is a wiki where anyone can sign in to add or
edit information, we anticipate that the site will stay up to date,
and because it is specific to nematodes, it is more likely to be of
use to the nematode community.

The homepage of the wiki has links to all the important parts of
the site (Fig.2). The 959NG wiki is organized taxonomically
using the systematics proposed by De Ley and Blaxter’' (Fig. 1).
We also use the clades defined by Blaxter et al.?' and Holterman
et al.” and derive other systematic information from the NCBI
taxonomy. The tree is editable, so if new evidence is found for
resolution of any paraphyletic nodes or rearrangements, additional
nodes can be added or taxa reassigned simply by changing the
parent taxon for that set of taxa. For any taxon (class, order,
family, genus, etc.), the wiki lists all the species and strains that
have active or proposed genome projects. For published projects
we encourage addition of PubMed IDs for publications and links
to genome browsers and data repositories. For species where a
genome project is “ongoing” we associate the project with a strain
of the species, to permit more than one independent project to be
registered. Again, genome project leaders are encouraged to add
links to project web pages and data access portals.
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Figure 2. The 959 Nematode Genomes wiki home page.

One goal of the 959NG wiki is to reduce the “activation
energy” for starting a new genome project. Embarking on a
genome scale endeavor can be daunting, but we hope that the
959NG wiki will promote collaboration on genomes of interest.
Individual researchers can “propose” a species (and strain) for
genome sequencing and register interest in species that have been
proposed. By making interests known, it is more likely that
fruitful collaborations will ensue. We know of two multi-center
projects, both now mature, where the proponents first met on
the 959NG wiki.

Finding current genome data can be frustrating. We therefore
provide a list of available data portals for genomes sequenced and
in sequencing. These include genome browsers (such as those
provided by WormBase) as well as data download sources. The
9595NG wiki also includes a standard BLAST search portal that
allows researchers with specific (gene-centered) interests in one or
many genomes to query available published and pre-publication
draft genomes.

The 959NG wiki is built on the MediaWiki platform (the same
tools that run Wikipedia) and uses the Semantic MediaWiki
(SMW) extension. Each page about a strain, species, taxon,
researcher or sequencing center has semantic properties associated
with it that can be queried in new ways to extract inferred
relationships and new properties can be added to any page without
changing any database schemas. For example, we plan to add
lifecycle strategies (as shown in Fig. 1) to taxon pages to enable
queries such as “List all ongoing genome projects for plant parasitic
nematodes with genomes smaller than 100 Mb.” Other query
examples and details of how SMW is an appropriate technology for
such sites can be found in Kumar, Schiffer and Blaxter.'®
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Join the 959 Nematode Genomes Initiative

The 959 Nematode Genomes initiative (and the 959NG wiki) is
open to all and we encourage all interested to join. Anyone can
view the wiki (and free registration gives editing rights). The
959NG wiki will only be as good as (and as up to date as) the
information we, collectively, enter. In particular, we would
encourage registration of interest in ongoing and proposed
genomes and the active proposal of additional nematode genomes
for sequencing. As the community of researchers producing and
consuming new nematode genomes grows, the synergy of
combining skills and discoveries in data generation, assembly
and annotation will become more evident and will facilitate the
generation of new genomes. The availability of large numbers of
phylogenetically diverse genomes will also—we hope—inspire a
new breed of nematode genomics researchers not wedded to any
one species but hungry for data across the phylum and thus eager
to collaborate in the analyses of new genomes.

The 959NG wiki will evolve as the community evolves. The
snapshot presented here (Tables 1 and 2) will soon be out of date.
The open architecture of the SMW system will allow us to add
additional concepts and linking data between genomes and thus
the wiki should also be able to nucleate and serve special interest
groups where the core themes are not simply systematic, but
rather other shared phenotypes (reproductive mode, parasitism) or
specific gene sets or systems. By identifying colleagues with shared
interests, joint funding to generate nematode genome data will be
more easily sourced. The collective experience embodied in the
959NG wiki will also mean that the costs (in both consumables
and human effort) of de novo sequencing a genome will continue
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to drop and multi-genome projects will become even more
attractive to funding agencies and more rewarding for the
nematode genomes community.
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