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Abstract

We report the first cDNA-sequencing project of the entomopathogenic nematode,Heterorhabditis bacteriophora. A total of 1246 expressed
sequence tags (ESTs) were generated by random sequencing of clones from a cDNA library of the infective juvenile stage. The ESTs were
annotated resulting in 1072 useful ESTs that were categorized into functional categories according to Kyoto Encyclopedia of Genes and Genomes.
Approximately 459 of 1072 ESTs (43%) had significant similarities to annotated sequences in GenBank. Of these, 417 had significant similarities
to the free-living nematodeCaenorhanditis elegans proteins. Most ESTs (18%) belonged to the genetic information processing category followed
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y metabolism (15% ESTs) and environmental information processing (15%) pathways. Several interesting ESTs were found that ma
n the infectivity and survival of infective juveniles. These included proteases, dauer pathway genes (akt-1, pdk-1 & daf-7) and aging and stre
esistance genes such as superoxide dismutase (sod-4), heat shock genes (hsp-4 & hsp-6), andeat genes, and signaling proteins like G-prot
oupled receptors, regulators of G-protein signaling (rgs), and serine/threonine kinases. Other interesting ESTs include systemic RNAi de
rotein (sid-1), ribonuclease III family members (rnh-2 & rnc) and transposase gene (Tc3A). About 67% of the ESTs did not find matches
f the searched databases suggesting potentially novel genes in this enomopathogenic nematode.
2006 Published by Elsevier B.V.
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Entomopathogenic nematodes in the families Heterorhabdi-
idae (Strongyloidea) and Steinernematidae (Strongyloidoidea
ensu[1]) are unique models for the study of parasitism,
athogenicity, and symbiosis. These nematodes form mutual-

stic symbiosis with insect pathogenic bacteria in the family
nterobacteriaceae: heterorhabditids are associated withPho-

orhabdus and steinernematids withXenorhabdus, respectively
2]. The infective juveniles (IJs) or dauer (enduring) juveniles
ersist in soil in search of a suitable insect host[3]. Following
ntry through the cuticle or natural body openings, the IJs release

he symbiotic bacteria into the insect hemocoel, which rapidly
ill the host, usually within 24–48 h[4]. Nematodes feed on sym-

Abbreviations: EST, expressed sequence tags; EPN, entomopathogenic
ematodes; KEGG, Kyoto encyclopedia of genes and genomes; BLAST, basic

ocal alignment search tool; RNAi, RNA interference; cDNA, complementary
NA; dsRNA, double stranded RNA; IJs, infective juveniles

� Note: Sequences described in this paper have been deposited in Genbank
nder the accessions DN152655–DN152999 and DN153000–DN153726.
∗ Corresponding author. Tel.: +1 330 263 3963; fax: +1 330 263 3686.

E-mail address: grewal.4@osu.edu (P.S. Grewal).

biotic bacteria, complete 1–3 generations in the host cadave
as food resources are depleted new IJs are produced whic
perse in search of new hosts. In the laboratory, each partn
be cultured separately, but when combined they present a
degree of specificity.

Entomopathogenic nematodes (EPNs) are also extre
important biological control agents of insect pests[5]. How-
ever, to realize their full potential improvements are neede
the IJ longevity, bacterial retention, tolerance to environme
extremes (particularly heat, ultra violet radiation, and des
tion), resistance to encapsulation in the hemocoel encoun
in some key insects, and trait stability. Recent developm
have opened new possibilities for improving the biolog
control potential of EPNs. First, the genome ofPhotorhab-
dus luminescens subspluminescens, the bacterial symbiont o
Heterorhabditis bacteriophora, has been fully sequenced. T
5.7 Mb bacterial genome contains 4839 predicted genes
plethora of putative virulence factors, including Type I–IV a
TPS secretion systems, adhesion proteins, toxins, hemol
proteases, lipases, and antibiotics[6]. Second, the availability o
the genome sequences of two closely related free-living n
166-6851/$ – see front matter © 2006 Published by Elsevier B.V.
oi:10.1016/j.molbiopara.2006.01.002
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todes,Caenorhabditis elegans andC. briggsae, together with
a full complement of genetic and molecular tools[7,8] offers
new means for improving the biological control potential ofH.
bacteriophora.

In order to establish genomics as a tool to fully exploit the
unique biology and biological control potential of the ento-
mopathogenic nematodes, we describe a pilot scale cDNA-
sequencing project that provides the first foray into the gene
diversity and discovery inH. bacteriophora. We selectedH.
bacteriophora for this study because it is closely related toC.
elegans [9], the availability of the genome sequence of its bac-
terial symbiont[6], and the demonstration of the expression of
C. elegans gene sequences inH. bacteriophora [10]. The main
goal of this study was to determine sequence similarities of the
expressed genomes ofH. bacteriophora and C. elegans. We
focused on the expressed genome of the infective stage ofH. bac-
teriophora because this stage is similar toC. elegans dauer stage
in ontogeny, and serves as the basis for parasitism and mutualism
in H. bacteriophora. Despite its comparative genomics value,
functional comparisons between stress responses, aging, innate
immunity, olfaction, sex determination and dauer formation will
be of great interest in relationship to mutualism, parasitism, and
biological control.

TheH. bacteriophora strain GPS11 was cultured in the third
instar wax moth,Galleria mellonella larvae, as described by
Kaya and Stock[11]. The nematodes were harvested from the
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cDNA, 1× Advantage 2 reaction buffer (BD Biosciences
Clontech, Palo Alto, CA), 200�M dNTPs, 0.3�M SMART
PCR primer, 1× Advantage 2 Polymerize mix (BD Biosciences
Clontech, Palo Alto, CA) and was carried in a MJ Research
PTC-200 DNA Thermal Cycler. The PCR conditions were 19
PCR cycles, 95◦C for 7 s, 65◦C for 20 s and 72◦C for 3 min.
Amplified normalized cDNA was purified using QIAquick PCR
Purification Kit (QIAGEN, CA), ligated into modified pAL 16
vector (Evrogen) and used forEscherichia coli transformation
with the BioRad Micropulser (Bio-Rad). To confirm successful
transformation ofE. coli cells, 11 randomly picked clones were
tested by PCR with Sp6 and T7 primers and all were found to
contain the insert. The library was arrayed in 10 plates (approx-
imately 20,000 white colonies per plate) and about 200,000
independent clones were obtained. Colonies were eluted by
LB/Amp medium. Colonies were picked and incubated in 50�l
of distilled water at 94◦C for 2 min. PCR amplifications were
performed in a 20�l volume on 5�l of colony extract using
M13-forward and reverse-primers and AmpliTaq Gold DNA
Polymerase (Perkin-Elmer) following PCR profile, 94C◦C;
10 min; then 10 cycles of 94◦C for 30 s; 65◦C for 30 s with a
decrease of 1◦C per cycle and 72◦C for 2.5 min; followed by
30 similar cycles with an annealing temperature kept at 55◦C.
PCR products were separated by agarose gel electrophoresis.
Amplification products were used as templates for sequencing
reactions by using the PRISMTM Dye Terminator Cycle
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hite traps[12] in water, concentrated on filter paper and im
iately immersed in liquid nitrogen before storage at−80◦C

ill further processing. For total RNA isolation, nematodes w
aken from the –80◦C freezer and grounded in liquid nitrogen
fine powder using a pestle and mortar. Total RNA was extra
ith the Totally RNA kit (Ambion Inc. Austin, TX) following

he instructions provided by the manufacturer. RNA quality
uantity was determined by electrophoresis[13]. Briefly, 10�g
f total RNA in a final volume of 15�l in a PCR tube was mixe
ith 15�l of Ambion Glyoxal Sample Loading Dye and hea

or 35 min at 50◦C in the PCR machine. The tubes were chi
n ice. The RNA was separated by electrophoresis at 70
h in 1.2% agarose gel in 1× BPTE buffer. About 19.2�g of
ood quality total RNA was sent to Evrogen for cDNA libr
onstruction and sequencing.

The cDNA library was constructed from total RNA us
MART approach[14] and the cDNA library was normalize
sing the Duplex Specific Nucleotide (DSN) normaliza
ethod[15] to correct for over abundance of highly expres

ranscripts. In the DSN method, the hybridization reac
ontained 3�l of purified double stranded cDNA and 1�l
× hybridization buffer (200 mM HEPES-HCL, pH 8.0; 2
aCl) overlaid with one drop of mineral oil and incubated
5◦C for 5 min and 68◦C for 4 h. The DSN treatment includ
ddition of 3.5�l milliQ water, 1�l of 5× DNAse buffer
500 mM Tris–HCl, pH 8.0; 50 mM MgCl2; 10 mM DTT)
nd 0.5�l DSN enzyme to the 68◦C hybridization reactio
nd subsequent incubation at 65◦C for 25 min. The DSN
nzyme was heat-inactivated at 97◦C for 5 min. The cDNA
ample was diluted with 30�l milliQ water and used for PC
mplification. The PCR reaction (50�l) contained: 1�l diluted
d

r

equencing Ready Reaction Kit (Applied Biosystems) and
L1 primer. In general the sequence reads start approxim
5 nucleotides from the SL1 sequence. For selected clone
′ end of the cDNA was sequenced by using the M13-forw
r –reverse primer. The sequencing reactions were analyz
n Applied Biosystems 373A DNA sequencer.

A total of 1246 ESTs were sequenced from cDNA libr
uality scores of sequence data were obtained with
cPhred/McPhrap software (Phil Green, University of Wa

ngton, Seattle, WA) and further sequence processing (v
nd end trimming) was conducted with Sequencher soft
Gene Codes Corp., Ann Arbor, MI). Trimming parame
ere a.) trim from the 5′ end, trimming no more than 25%

rim until the first 15 bases containing less than 3 bases
onfidences below 20 and b.) trim from the 3’end, trimming
ore than 25%, trim until the last 15 bases contain less th
ases with confidence below 20. Sequences from plasmi

inker/adapters were trimmed as well and the ESTs shorter
0 bp were removed from the dataset. This resulted in
STs with an average insert size of 502± 162 bp. The 107
equences were then searched against existing protein dat
sing BLASTX installed on a local linux workstation. The ES
ere compared against the following databases: wormpe

C. elegans protein database at The Wellcome Trust Sa
nstitute, Cambridge, UK), the fully curated Universal Pro
esource (uniprotSWISSPROT)[16] and the non-redunda

nr) protein database at the National Center for Biotechno
nformation using the BLASTX algorithm[17] (release 200
ith BLOSUM62 substitution matrix and the standard gen
ode). Sequence similarities with e-value less than or equ
0−5 were considered significant. To categorize the transc
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Table 1
Functional categorisation of 417 ESTs ofH. bacteriophora with significant
similarity to C. elegans proteins

Regulatory pathway Number of ESTs

1. Metabolism 60
1.1. Carbohydrate metabolism 20
1.2. Energy metabolism 1
1.3. Lipid metabolism 8
1.4. Nucleotide metabolism 4
1.5. Amino acid metabolism 15
1.6. Metabolism of other amino acids 4
1.7. Glycan biosynthesis and metabolism 4
1.8. Biosynthesis of polyketides and non ribosomal peptides 1
1.9. Metabolism of Cofactors and Vitamins 3
1.10. Biosynthesis of secondary metabolites 0
1.11. Biodegradation of xenobiotics 0

2. Genetic information processing 76
2.1. Transcription 19
2.2. Translation 18
2.3. Sorting and degradation 29
2.4 Replication and repair 10

3. Environmental information processing 59
3.1 Membrane transport 3
3.2. Signal transduction 32
3.3. Ligand-receptor interaction 24
3.4. Immune system 0

4. Cellular processes 14
4.1 Cell motility 3
4.2 Cell growth and death 6
4.3 Cell communication 2
4.4 Development 3

5. Unassigned 74

6. Hypothetical proteins 134

by function, the ESTs were assigned to metabolic pathways
following the Kyoto Encyclopedia of Genes and Genomes[18]
(KEGG) database and the ESTs with the same hit were grouped

The BLAST searches showed that 613 ESTs (57%) did no
match any protein in the searched databases and were hen
novel. A total of 459 ESTs (43%) matched to one or more known
sequences in all the searched databases. Of these, 417 had s
nificant similarities toC. elegans proteins and the remaining
42 were different. The 417 ESTs that showed similarities toC.
elegans proteins were categorized into functional groups fol-
lowing KEGG pathway database (see supplementaryTable 1).
Most ESTs (18%) belonged to the genetic information process
ing category with most of them having role in the sorting and
degradation pathways (Fig. 1). The proteases found in this cat-
egory may have important role in insect pathogenesis by the
EPNs as shown by previous work on effect of protease inhibitors
on reduced penetration ofSteinernema glaseri into insect hosts
[19]. The second most represented category was metabolism
(15% ESTs) with carbohydrate, amino acid and lipid metabolism
in the order of representation. The lipid metabolism pathway
in the dauer stage EPNs is the most active pathway as the fa
reserves are the main reservoirs for energy[20]. The major
genes found in the overall metabolism category of the infec-
tive stage include co UDP-glucuronosyltransferase (R11A8.3)

hexokinase (H25P06.1), fructose-1,6-biphosphatase (fbp-1)
(K07A3.1), glycerol-3-phosphate dehydrogenase (K11H3.1a),
and cysteine protease (cpr-1) (F36D3.9). Most of these tran-
scripts are common to those found in SAGE[21] and microarray
[22] studies ofC. elegans dauer stage. A large number of ESTs
(14%) belonged to the category of environmental information
processing. About 17% of the ESTs remained unassigned to any
functional category and 31% ESTs were similar toC. elegans
hypothetical proteins (Table 1, Fig. 1). The least number of tran-
scripts were found in the cellular processes category suggestive
of developmental arrest at this stage. Indeed, dauer formation is
an adaptation to tide over the unfavorable conditions of low food
by staying in an arrested state of development and reproduction
[23]. The GC-content of 1072H. bacteriophora ESTs obtained
in this study was 38%.

Our data show the existence of several genes inH. bacte-
riophora library similar toC. elegans aging and dauer pathway
genes. A member of Transforming growth factor-� (TGF-�)
pathway,daf-7, and two homologs of IGF-1 (insulin-like growth
factor) signaling pathway,akt-1 and pdk-1 [24], found in H.
bacteriophora ESTs seem to support the fact that there is a
common pathway driving entry into dauer stage betweenC.
elegans and EPNs. The programming of the above-mentioned
genes is regulated by IGF-1 signaling pathway and TGF-� sig-
naling pathway. InC. elegans, a signal transduction cascade from
the DAF-2 insulin/IGF-1 receptor homolog to the DAF-16 fork-
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ead transcription factor regulates metabolism, developm
nd longevity throughakt-1 andpdk-1 receptors[24]. Further
tudies on dauer pathway genes inH. bacteriophora will help
nravel the infective juvenile formation mechanisms in E
nd may also enable improvements in infective juvenile re
ry, production and longevity.

Other genes which are not specific to the dauer stag
nown to be more highly represented in the dauer stageC.
legans included heat shock genes such ashsp-70 and protein
hosphatase I (PP1C)� protein. We found ESTs similar
tress-resistance proteins like superoxide dismutase (sod-4),
eat shock proteins (hsp-4, hsp-6), and orthologs of yeast sirut
sir-4) andC. elegans eat genes in theH. bacteriophora cDNA
ibrary. It has been shown that superoxide dismutase pla
ignificant role in longevity ofC. elegans adults by depleting th
uperoxide radicals responsible for serious oxidative dam
hich results in aging[25]. Recent experiments with certa

ig. 1. Percent representation ofH. bacteriophora ESTs in KEGG regulator
athways.
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Table 2
H. bacteriophora ESTs with no homolog in wormpep130

EST Genbank protein hit Genbank protein ID e-value

Bacterial proteins
HbGPS11.10K02 Hypothetical protein plu3613 [Photorhabdus luminescens] ref|NP 930825.1| 92, 7e-18
HbGPS11.6I15 Fatty acid metabolism regulator protein [Photorhabdus

luminescens]
ref|NP 929798.1| 69, 7e-22

HbGPS11.6D19 TcdA2 Insecticidal toxin protein[Photorhabdus
luminescens]

gb|AAO17201.1| 120, 6e-26

HbGPS11.14E12 Putative outer membrane protein, probably involved in
nutrient binding [Bacteroides thetaiotaomicron]

ref|NP 810788.1| 100, 3e-20

HbGPS11.14K23 Type I restriction-modification enzyme subunit M; HsdM
[Klebsiella pneumoniae]

gb|AAQ84546.1| 107, 3e-34

HbGPS11.10F07 COG1639: Predicted signal transduction protein
[Microbulbifer degradans]

ref|ZP 00317041.1| 89, 5e-19

HbGPS11.10E17 Histidine kinase response regulator hybrid protein
[Leptospira interrogans]

ref|YP 002994.1| 48, 2e-09

HbGPS11.14O23 Orf122 [Chlorobium tepidum] gb|AAG12204.1| 52, 4e-07

Eukaryotic proteins
HbGPS11.14E20 Hypothetical protein FG00211.1 [Gibberella zeae] gb|EAA68933.1| 82, 7e-15
HbGPS11.14G01 Putative MAPK [Tetrahymena thermophila] gb|AAR04352.1| 77, 3e-13
HbGPS11.14I17 Hypothetical protein MG08934.4 [Magnaporthe grisea] gb|EAA46591.1| 114, 8e-25
HbGPS11.14G11 Putative leishmanolysin-like protein [Oryza sativa] gb|AAT77877.1| 62, 1e-08
HbGPS11.6E21 At5g48020 [Arabidopsis thaliana] gb|AAP37672.1| 55, 2e-06
HbGPS11.14F10 PP2C protein phosphatase [Arabidopsis thaliana] ref|NP 680572.1| 53, 2e-06
HbGPS11.14K05 Hypothetical protein UM01909.1 [Ustilago maydis] ref|XP 399524.1| 234, 4e-62
HbGPS11.14K07 C15orf26 protein [Homo sapiens] gb|AAH62471.1| 55, 3e-06
HbGPS11.10G18 Unnamed protein product [Homo sapiens] dbj|BAC86735.1| 64, 1e-09
HbGPS11.14M05 PREDICTED: hypothetical protein [Canis familiaris] ref|XP 541720.1| 59, 9e-08
HbGPS11.14M12 Choriogenin Hminor [Oryzias latipes] dbj|BAA76901.1| 60, 5e-08
HbGPS11.14N14 Mitochondrial protein of unknown function, overexpression

suppresses an rpo41 mutation affecting mitochondrial RNA
polymerase; encoded within the 25S rRNA gene on the
opposite strand [Saccharomyces cerevisiae]

ref|NP 690845.1| 57, 1e-07

HbGPS11.14O10 Similar to KIAA1749 protein [Rattus norvegicus] ref|XP 236385.2| 56, 8e-07
HbGPS11.6A08 Similar toPlasmodium falciparum Hypothetical protein gb|AAS45365.1| 55, 1e-06
HbGPS11.6I05 Hypothetical protein [Plasmodium falciparum] ref|NP 704513.1| 72, 7e-12
HbGPS11.14D20 ENSANGP00000005606 [Anopheles gambiae] ref|XP 310378.1| 67, 6e-10
HbGPS11.14O01 ENSANGP00000017298 [Anopheles gambiae] ref|XP 310523.1 54, 6e-06
HbGPS11.10J19 ENSANGP00000019133 [Anopheles gambiae] ref|XP 308373.1| 55, 6e-10
HbGPS11.6D11 CG31802-PA [Drosophila melanogaster] ref|NP 724103.1| 41, 3e-07
HbGPS11.14N22 Flj13081-prov protein [Xenopus laevis] gb|AAH42336.1| 83, 5e-15
HbGPS11.6I21 Unknown (protein for MGC:89513) [Xenopus tropicalis] gb|AAH84996.1| 75, 1e-12
HbGPS11.6K14 MHR23A [Mus musculus] emb|CAA63145.1| 49, 1e-16
HbGPS11.10G04 Unnamed protein product [Mus musculus] dbj|BAC33939| 52, 6e-06
HbGPS11.6I03 Synaptobrevin like 1 [Mus musculus] ref|NP 035645.1| 66, 7e-10
HbGPS11.6O05 Hypothetical protein AN4711.2 [Aspergillus nidulans] gb|EAA60753.1| 53, 3e-10
HbGPS11.6P23 Unnamed protein product [Tetraodon nigroviridis] emb|CAG01698.1| 75, 1e-12
HbGPS11.10B22 Unnamed protein product [Tetraodon nigroviridis] emb|CAG01396| 52, 3e-06
HbGPS11.6H04 Unnamed protein product [Tetraodon nigroviridis] emb|CAF89842.1| 88, 8e-17
HbGPS11.14O12 Unnamed protein product [Tetraodon nigroviridis] emb|CAG01948.1| 72, 1e-11
HbGPS11.14N02 PakC [Dictyostelium discoideum] gb|AAF82310.3| 67, 2e-10
HbGPS11.10A22 Similar toDictyostelium discoideum (Slime mold) gb|AAS38755.1| 82, 8e-19
HbGPS11.10B20 ENSANGP00000006608 [Anopheles gambiae] ref|XP 317008.1| 70, 1e-11
HbGPS11.10D04 Pupal cuticle protein [Tenebrio molitor] |P80685| 47, 8e-06
HbGPS11.10E24 GLP64 73134665 [Giardia lamblia ATCC 50803] gb|EAA37964.1| 105, 2e-21

hsp-70 proteins have shown thathsp70F/mot-2/hsp-6 and
hsp70A when present in extra copies lengthen the life span of
C. elegans [26]. Previous experiments on transformation ofH.
bacteriophora with hsp70 gene fromC. elegans have shown
increase in thermotolerance[10]. According to one of the the-
ories of aging[25], dietary restriction (DR) increases life span
in a wide variety of animals ranging from yeast to vertebrates.

Mutations ineat genes result in partial starvation ofC. elegans
by disrupting function of the feeding organ, the pharynx and
lengthening of life span by up to 20–50% (eat-2, eat-6, and other
eat mutants)[27]. The discovery of these important stress genes
in H. bacteriophora is useful for genetic improvement of EPNs
to increase their survival under broad environmental stress
conditions.
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SeveralH. bacteriophora genes are found which are simi-
lar to genes known to have role in RNA interference (RNAi).
Our sequence data have shown the existence of ribonuclease III
family members,rnh-2 and rnc genes, which may prove use-
ful candidates in the ongoing RNAi endeavors for functional
genomic studies of EPNs. Another RNAi protein found in our
dataset is the systemic RNA Interference Defective protein (SID-
1), a transmembrane protein expressed in cells sensitive to RNAi
in C. elegans [28]. The dsRNA-mediated gene interference in
C. elegans systemically inhibits gene expression throughout the
organism and thus supplying dsRNA in the diet is sufficient to
silence the corresponding target gene in all tissues and even in
the progeny.sid-1 is one of the few genes (rde-1, rde-4, rrf-1,
sid-1) required for systemic RNAi as it enables transportation
of dsRNA between cells[29].

One of the interesting discoveries of this project is the active
transposase genes inH. bacteriophora, which include Tc3A
transposase and two other ESTs having transposase domains.
One earlier report of transposable elements inH. bacteriophora
has described existence of mariner-like transposable elements
that belong to the Tc1/Mariner superfamily[30], which are
transpositionally inactive due to accumulation of mutations. The
discovery of the active Tc3A, transposable element in this nema-
tode can serve as a useful tool in reverse genetics in EPNs and
will help start the era of transposon mediated mutagenesis in
EPNs to explore functions of important genes in these interest-
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8 ESTs included insecticidal proteins fromP. luminescens and
some hypothetical proteins. The remaining 34 ESTs were similar
to insects, plants and animal proteins. These may be novel nema-
tode symbiosis or virulence genes or contaminants from insect
cadaver. The origin of these genes can be easily determined by
PCR amplification of the sequences from host (G. mellonella)
or the bacterial symbiont DNA. The absence of amplification
of these ESTs from both the organisms will confirm these to be
novel nematode genes. These ESTs are of particular interest as
they might have a role in EPN life cycle that is more diverse
than that ofC. elegans. Indeed, unlikeC. elegans, the EPN
life cycle includes mutualistic association with the bacterium
P. luminescens (symbiosis) and parasitism of insects.

There were several ESTs that occurred multiple times in the
H. bacteriophora cDNA library. These ESTs included G-protein
coupled receptors and other signaling proteins (25), uncoordi-
nated locomotion proteins (uncs) (11), proteases (12), ribosomal
proteins (9), ubiquitin conjugating enzymes (6) and kinesin like
proteins (4). These likely correspond to highly expressed gene
families in current cDNA library ofH. bacteriophora infective
stage. The role played by these genes in the infective stage of
H. bacteriophora is not predicted given that they may vary from
housekeeping to stage specific functions. Additional evidence
to support either hypothesis is not available at this time. Other
interesting proteins found are those similar to proteins having
role in secretion process likesec-61, cell-surface proteins like
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inases, protein phosphatases, G-protein coupled recepto
egulators of G-proteins signaling (rgs). We predict these gen
o have a role in the important life processes of this stage m
hemotaxis to locate insect hosts, exit from dauer stage (r
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als, insects, fungi, and plants. About 8 of the 42 ESTs

imilar to bacterial genes and hence could be derived from
ymbiotic bacteria ofH. bacteriophora, P. luminescens. These
e
nd

-

-
nt

,

’s

e

d

n

-

e

enascin[32] and other membrane associated proteins, whic
nticipated to have a role in nematode-host interaction d

he infection process. A complete genome sequencing ofH. bac-
eriophora will result in the discovery of more genes and d
nsight into the complex nematode-insect-bacterial interac
n this tripartite association. The estimated genome sizeH.
acteriophora is about one third the size ofC. elegans genome
39 MB versus 97 MB) and 51% of this genome is compose
epetitive DNA content[33]. Hence, the diverse physiologic
nd functional attributes of this species are intriguing con

o the size of its genome.
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