Nematode Gene Sequences:

James P McCarter,”™ Davio MoK

Molecular characterizadon of parasitic nematodes
now relies heavily on information gained from genomic
approaches. The availability of thousands of new
nucleotide sequences in searchable public databases ac-
celerates efforss to identify and characterize genes of
interest, mcluding those encoding pathogenicity fac-
tors, dingnostic markers, targets (for vaccines, drugs, or
nematicides), and immunomodulatory molecules.
Since 2000, we have provided periodic updates on the
status of nematode sequencing projects of interest o
the communities of researchers studving parasitic and
freediving nematode biology {McCarter et al., 2000,
2002, 2008). Here we report on the availability of se-
guences from nematodes as of lae 2005 and p;’nnaﬂly
cite literature from 2003-2005. Please see our 2005 up-
date {McCarter et al,, 2003) for a thorough listing of
the prior literature.

Since the completion of the Coenorhubditis elsguns go-
nome (The €. elogans Sequencing Consortdum, 1998),
most effarts to extend genomic approaches 1o parasitic
nematodes have relied on sampling from cDNA librar-
ies (o generate expressed sequence tags (ESTs). From
the time of our December 2003 report, 149,491 new
nematode ESTs have been submitted o the Genbank
database of expressed sequence tags {dbEST}, includ-
ing 46,490 from parasites (Tuble 1). As of September
2005, a project at Washington University's Genome Se-
quencing Center (GSC) in St. Louls sampled a diverse
spectrum of the phylum Nemartoda, generating 274,794
ESTs from 32 nematode species (Wylle et al., 2004). An
additional 32,254 ESTs have been contributed by a sis-
ter project at the Sanger Institute (Hinxton, UK} and
Edinburgh University (Parkinson et al., 2004a). Se-
quences from both projects were submitted o dbEST
immediately after being obrained and are also available
from specialized Web sites {Table 23,

Casnorhabditis continues 1o be the best represented
genius. The 347,987 ESTs from the 40 namatode species
oti)(‘ than Coenorhabditis that have been sdﬁ%p ied in-
clhude sequences from 24 mammalian pdmsn.(:s, P4
plant parasives, and two free-living bacteriovores, From
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2003 1o 2005, EST sequencing from mammalian para
sites has stowed wheveas EST generation from plant
parasites has contnued as the Natonal Science Foun-
dation (NSFi-funded collaborasion bemween the GSC
and North Carolina State University has been com-
pleted (Fig. 13, Sizable EST collections now exist for six
Meloidogyne {rootknot nematode) spectes (Scholl and
Bird, 2005}, which is more than for any other nema-
tode genus, ESTs have alse been generated from three
Tvlenchida migratory endoparasitic species, the lesion
nematoedes Pratylenchus penetrans (Mitreva et al., 2004a)
and Pramyplenchus vulnus, and the burrowing nemaode
Radopholues simitis. A collectdon of more than 9,000 E8Ts
also is available from the dagger nematode Xiphinema
index. Being a clade T Dorylaimia nematode, this repre-
sentts the frst EST collection from a nonTylenchida
plant-parasitic nematode.

The last 3 years have seen a shift from EST genera-
ton to the beginning of projects o complete whole
genomes of parasitic nematodes. For some species, se-
quences that will contribute 10 an eventual assembled
genome already are available, including genome survey
sequences (G8S), BAC (bacrerial artificial chromo-
some) end sequences, and whole genome shotgun se-
quences {WGS). It is presumed that such sequences
represent a random sampling of the genome and thus
will include non-transcribed regulatory and intergenic
regions as well as rue genespace, This is an important
distinction from ESTs, which are derived solely from
rranscribed genes {or pseudogenes) and exhibit a bias
toward those genes whose steadystate transcripts are
present in the nematode at moderate-to-high levels.
Emphasis has also moved from generating ESTs to ana-
byzing them, including the completion of the first meta-
analysis of the genomic biclogy of the phylum (re-
viewed by Mitreva et al, 2005a). This snidy examined
mare than 256,600 ESTs from 30 nematode species,
which were found (o cluster inta 93,000 genes defining
approximately 60,000 gene families (Parkinson et al,,
2004b}.

For most nematode species, ESTs dominate all other
available sequences, but this is beginning to change as
there are now 10 nenmia;dc species with full genome
projects in various stages of planaing, progress, or
completion (Bird et al, 2005}, Complementing and
informing the mproving annotation of the € elogans
genome {(Ghen et al, 2005a), a high-quality draft se-
quence covering move than 98% of the O briggsar ge-
nome has been completed at the GSC and Sanger In-
stitate, with primary support from the National Human
Genome Research Institute (NHIGRD and the Welk
cenie Trust (Stein er al., 2003 reviewed in Blaxter,
065y, In 2004, NHGR! announced support for the se-
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Tame 1. Number of sequences obtained from nematode species with more than 50 ESTs registered in the GenBunk dbEST dutabmase,
September 2005,

Tvpe and date of sequence?

EST |s4 7 ST EST ST ST by Oriber
Neatode species March [B8Y  December 2008 June 2008 Seprember 2063 September Y005 Seprernber 2003 Seprember 2000

Ancelostoma cani e i 5545 755 4,331 9,531 . i1z 44,581
Ansylostomz ceylonicum 0 it 2,490 10,651 HhB51 73 #4
Angiastrongylus canionensis 3 3 3 5 1,279 ii 15
Asearts hembricoides 1] 0 0 1.822 1,822 138 147
Asearis s 0 HER 24,499 39,247 534,248 196 485
Brugia malay? 7,496 22,392 23 459 26,215 26,215 18,449 1,251,557
Crenovhabditis briggsad 2,424 - 2424 2,424 2,424 - 2,424 1,151 2,578,412
Caenorhabditis elegans 50,186 109,215 141,268 215,200 308,991 96,850 26,5490
Caenorhabditis remenel G G 4] 0 14,766 67 1,944,766
Divafilozin innuitis ¢] G §] 4,005 4,005 176G 214
Clobodera pallida Q 94 1,852 1.85 4,878 66 86
Giobodera roshiockiensis ] 894 5,934 5,834 5,941 152 194
Huemonchus contorts® ] 2,399 4,906 21,967 21967 552 261,088
Heteroders ghycines ] 1,506 4,397 20,114 24,438 366 411
Heterodera schachtii 0 g & 2818 28518 26 55
Litemasoides sigmodontis ¥ 148 198 873 2,609 35 3G
Meloidogyne arenaria G { 3,534 hO18 5,108 49 55
Meloidogyna chitwaodi G 1] G 10,798 12,218 38 79
Meloidogyne hapla® 0 [ 6,157 15,369 24,452 a8 121
Melvidogyme incognita Q 3,626 16,899 14,081 19,934 239 8.585
Meloidogyne jovanica a4 1,208 5,660 6,681 7587 55 84
Meloidagyne paranaensiy ] 0 4] 1] 3,710 G i9
Necator americanus ] 211 941 4,766 4,766 168 72
Nippostrongylus brasiliensis ] 4] 734 1,234 1,234 37 34
Onshocerca echengt 4 60 60 60 40 13 35
Onchocerce volowlis 310 153,802 14,522 14,974 14,974 791 830
Ostertagia ostertagi 0 [ 5,591 7009 7,006 189 215
Parastrongyloides trichosuri G 9 7,963 7,963 7,963 3 7
Pratylenchus penetrans G ] {3 1,928 1,928 21 24
Prafylenchus vabnus ¢ 0 o G 2,485 1 4
Pristionchus pacificus’ 703 4,983 8818 8818 12,172 15 299,382
Rudopholus similes G ] i) 4] 1.154 49 51
Strongylotdes rotti 4] [H 8645 14,761 14,761 23 149,686
Strongylotdes stercorabis 57 16,922 11,502 11,392 11,392 55 a7
Feladorsagia sircumeinets 0 b 315 4,313 4,318 15 218
Taxocara conis 8 514 3,920 4,889 4,889 85 G}
Trichinelle spivalis® jt] G 4, 24'? 16,767 10,767 162 725620
Trichostrongylus mivinus ] G g 368 4 18
Trichwuris muris 1] 301 2.1 ‘}’) 2,716 2402 315 315
Trivhuvis vulbis i Q 0 3,063 4,063 1 1
Wachererics barorofti 1149 i51 181 2,148 4 487 7 izt
Kaphinera index 0 3] [} 1] ERCIN] 2 96
Zeldia punciata 0 378 391 301 391 5 i
Toral sequences 41,255 184,415 515,777 665,178 121,202 PR H
Total non-Caenorhaddiiiy 5,718 72,776 170, 298,153 847 997 25,154 7 2‘%
Tutal free living 55,5325 1174506 202 901 226,833 420 744 48 (88

Total mammalian parasites 7,908 57,081 123,309 204,191 210,022 22,012

Total plant parasites 2% 10,528 AROR3 34,7558 125,412 1,102
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quencing at GSC of three more Casnorhabditis genomes  evolutionary position and role in informing the inter-
(www.genome.gov/ 11007952} and two additional  pretation of human and model organism genomes. The
nematodes’ genomes, Pristionchus pacficus and Trichi-  human filartal parasite Srugia meloy has heen se-
nefla spivalis {(www.genome gov/12511858), as part of & quenced to 8-fold draft coverage (Ghedin et al., 2004)
strategy to strategically select genomes based on their by The Instituie for Genomie Research (TIGR) with
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funding from the Navonal Instime of Alergy and In-
fectious Diseases (NIAID), and work on the genome of
Heenonelus contortis (sheep barber pole worm) has be-
gun at the Wellcome Trust Sanger lastitute (www
sangerac.uk/ Projects/H_contortus). The first project
aimed at completing a dralt genome of a planteparasitic
nematode has been funded by the joint NSF/US. De-
partment of Agriculture Microbial Genome Sequenc-
ing Program. North Carolina State niversity will com-
plete a Bbfold dralt genome of Meloidogyne hapla. As
more genome sequences become available, ESTs will
continee to play a crucial role in defining gene exon/
intron boundaries and in training gene finder pro-
grams £o individual species. The EST collection {rom
Carnavhabiditis remanei was generated and the M. hapla
EST collection expanded with this purpose in mind.
Recent publications analyzing nematode ESTs in-
chude studies of Neppostrongylus brasifiensis (Harcus et al.,
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20043, T spaadis (Mureva et al,, 20045y, M confortus
(Jasmier eval, 20043, P pencirans (Mitreva etall, 200:4a),
Strongyloides stevcoredis {Mitreva et al, 2004¢3, B meilesyi
(Whitton er all, 20045, Anevlostome coninnn and Aneylo-
stane vevtrion (Mitreva ot al, 20050, and Strosgyloides
rdfi (Thompson et al., 2005 A ninber of novel wpics
have been explored in these papers, such as examining
the relative rates of evalution of secreted va cvtoplasmic
gene products, commervation {or lack of conservation)
ol stage of gene expression between species, and the
variation i sequence of a large and abundantly ex-
pressed gene fumily, But ESTs have uses bevond simply
the identification of genes. In one sindy, ESTs were
sanpled across the Tvlenchida to vesolve pliviogenetic
refationships (Scholl and Bird, 2005}, ESTs also can be
used o fabricate microarrays, and this approach has
been used to query the tanseviptome of B, malay (Li et
al., 2004), Trichostrongylus vitrinus (Nishet and Glasser,
20043, Ascaris suem (Morimoto e al, 2008y, and Aney-
lostoma caninum (Mosey et al, 2008y, The information
content of ESTs also can be used as the basis for con-
structing a database of protein sequences against which
identified proteins can be screened. Such a srategy has
been used in initial proteomic examinations of root
kizot nematode (Jaubert et al., 2002y, H. contorius (Yat-
suda et al., 2003}, and A, swm (Isham et al., 2004). K
should be noted, however, that the power of such ex
periments to identfy pepiides and proteins is gready
enhanced by having a complete proteome, such as can
be deduced only from an entire genome sequence.
ESTs can be wseful with functional genomic ap-
prozches such as RNA by identifving candidate genes
for targeting; this approach has proven successful in
Meloidogyne (Rosso et al., 20008}, Globodera rostochiensis
{(Chen et al., 2005h), and Onchocerca voloubes {Lustig-
man et al,, 20043,

In somne senses, the actual number of sequences ob-
tained 15 a littde arbitrary bt certainly condnues o
grow. In Table |, the total number of sequences is given
as 7.012,491. However, this figroe is a combmation of
raw data {trace files, which are approximately equbvae
lent 1o successiul sequencing attempisy and more an-
notated data, The nmumber of tace files is given, as this
mdicates the amount of “activity” on a pardeular spe-
cies even though it excludes the € elegans trace files {as
these predated formation of the appropriate NCBI da-
wabase . Although race Bles can be searched, for gene
finiteg 10 is generally more informaiive 1o search dam
thut has been subjected 1o assembly and annotation.
This is especially rue for genome sequence dam from
thase species nearing completion {such as €. briggsee ov
B ko). Further, Table T omin gpecies for which
there are fewer than 50 entries specifically in the dbEST
database of Genhank Removiag that restviction reveals
an additonal 23 nematode species that have at least 50
total Genbank sequence eatries of auy wvpe. They are,
by species and with the number of sequence entries in




420 Journal of Nematology, Votume 37, No. 4, December 2005

parentheses: C. japonica (12,689), Cosperia oncophora
(1,249, Haemonchus placei (276), Brugia pahangi (1693,
Longistricta coudabullata (15%), Diewyocaulus viviparous
(141), Ancrobeloides sp. Sourhape farm (132), Steinernema
Jeltiae (1203, Parelaphostrongylus tenuds (104), Longusiniata
blarinae (96}, Steinernema carpocapsae (92), Contracaecum
asculatum (84), Cooperia punctela (73), Ancylostoma duo-
denale (65), Trichinella pseudospivalis (63), Mansonells oz-
zardi {61), Bursaphelenchus conicaudatus (61), Cyathosto-
mum catinatum {58), Anisakis simplex (56}, Cylicocyclus
nessatus (56), Trichostrongylus colubriformis (52), Acantho-
cheilovema viteae (52), and Rotylenchus reniformis {50},

Since the fate 1990s, we have moved from having one
complete nematode genome and very limited sequence
information from other nematode species to having
partial transcriptomes based on ESTs from more than
30 species. Further, projects to obtain the sequence of
10 nematode genomes are in various stages of progress.
These sequencing projects have proved extrernely valu-
able in accelerating the research programs of many
nematologists by allowing connections to be made
across species, Nematode comparative genomics analyz-
ing sequences from many species is now possible (Par-
kinson et al., 2004b), and a broead vision for how nema-
tode genomics can mature has been presented (Bird et
al., 2003). Additdonal updates in the years ahead likely
will further mark the wrend from partial transcriptomes
to draft and complete genomes.
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