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Abstract

Global profiling transcriptomes of parasitic helminths offers the potential to simultaneously identify co-ordinately expressed genes, novel
genetic programs and uniquely utilized metabolic pathways, which together provide an extensive and new resource for vaccine and drug
discovery. We have exploited this post-genomic approach to fabricate the first oligonucleotide DNA microarray for gene expression analysis
of the parasitic trematodgchistosoma mansor total of 17,329S. mansonDNA sequences were used to design a microarray consisting
of 7335 parasite elements or approximately 50% of this parasite’s transcriptome. Here, we describe the design of this new microarray
resource and its evaluation by extending studies into gender-associated gene expression in adult schistosomes. We demonstrate a high degre
of reproducibility in detecting transcriptional differences among biologically replicated experiments and the ability of the microarray to
distinguish between the expression of closely related gene family members. Importantly, for issues related to sexual dimorphism, labour
division, gamete production and drug target discovery, 197 transcripts demonstrated a gender-biased pattern of gene expression in the adul
schistosome, greatly extending the number of sex-associated genes. These data demonstrate the power of this new resource to facilitate -
greater understanding into the biological complexities of schistosome development and maturation useful for identifying novel intervention
strategies.
© 2005 Elsevier B.V. All rights reserved.
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1. Introduction for parasite gene discovery and have led to the identification
of numerous putative gene produfts-3]. Despite the large
Parasite expressed sequence tag (EST) and genomic seavailability of DNA sequence information, true potential of
quencing projects have proven to be an invaluable resourcethis resource will only be realized upon the assignment of
gene function within an actual biological and cellular con-
text, thus leading to the possible functional annotation of
B Microarray data reported in this paper is available in the ArrayExpress many important parasitic genomes. Towards this goal, sev-
database at EBI under the reference numbers A-MEXP-134 (description of eral investigators have developed DNA microarrays to probe

s. bligonucleotide mi d E-MEXP-223 (all mi : . i :
datz)ansono 'gonucleotide microarray) an @l microarray o0 4 begin to elucidate the role of specific gene products in the
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ued wide ranging genomic and EST sequencing has broughtand sex-separated. Miracidia used to inBctjlabratawere
together genomic and functional-genomic data to reveal newhatched from eggs collected from mouse livers 7 weeks after
insights into the complex pathogenic parasitic lifestyle. infection[12].
Gene discovery and functional analysis of schistosomes
has also benefited from such an approgGh]. These stud-  2.2. Design of S. mansoni DNA oligonucleotide probes
ies have revealed cDNA microarrays to be particularly useful
and reliable in identifying gender-associated transcripts in  S. mansonDNA elements chosen for oligonucleotide de-
both Schistosoma mansofs] andS. japonicuni7]. How- sign were selected from EST sequences available from pub-
ever, while sampling small gene subsets proved fruitful for the lic databases as of June 28, 2002, full-length mRNA and
initiation of these investigations, utilizing a high-throughput genomic DNA (gDNA) sequences (using NCBI Entrez lim-
approach on a whole genome scale will dramatically in- its excluding ESTs, STSs, GSSs, TPAs, patents and working
crease the transcriptional understanding of parasite sexuaHrafts) available from public databases as of April 2003 and
biology where current thinking proposes that males and fe- from one full-length mRNA sequence identified in our labo-
males evolved to maximize independent functional roles im- ratory (AY267032—S. mansonarginase). The 16,815 EST
portant to the survival of the parasite. Presently,Shenan- sequences were clustered using the CAP3 DNA sequence as-
sonigenome contains approximately 14,000 predicted genes,sembly progranfl13] into 2076 contigs (representing more
and like many other parasites, most of these genes display ndhan one EST sequence) and 5049 singletons (representing
database homology and therefore, have no functional annota-only one EST sequence) for a total of 7125 unique DNA
tion [8—10]. Assigning some putative function or association, sequence clusters. In addition to these 7125 non-redundant
based on expression profiling by DNA microarray analysis, EST clusters, 513 full-length mRNA (some redundancy with
may provide some of the most promising research areas forrespect to EST clusters) and gDNA sequences were included
elucidating the molecular basis of parasite biology. to bring the total number of DNA sequences used as tem-
Here we describe the design, fabrication and validation plates for oligonucleotide design to 7638. CAP3 has pre-

of a new DNA microarray for schistosome transcriptome viously been shown to be tolerant of sequencing errors re-
analysis based on the use of long oligonucleotide probes.sulting from single pass sequencing and is effective at dif-
Long oligonucleotide DNA microarrays were constructed ferentiating between closely related gene family members
as highly sensitive alternatives to cDNA microarrays due [14].
to inherent advantages throughout production and exper- Putative sequence homology of each schistosome DNA el-
imental use[11]. The DNA microarray contains 733S. ement was assigned using the web-based Basic Local Align-
mansoniprobes covering approximately 50% of the total ment Search Tool (BLASTY)L5] searching againstthe NCBI
estimated gene complement and was used here to expangrotein non-redundant (nr) database. BLASTx hits with an
upon our previous studies of schistosome conjugal biol- Expect-value E-value) of <10-% were considered signifi-
ogy. The experiments described provide a dual function: cant and the corresponding NCBI protein nr designation was
(1) to specifically characterize the fabricated oligonucleotide used to annotate the EST contigs and singletons. BLASTx
DNA microarray allowing sensitive, reproducible gene ex- hits with anE-value of >10-%° were not considered sig-
pression results to be generated by multiple users and lab-nificant and therefore the corresponding schistosome DNA
oratories; and (2) to further elucidate the expression pro- elements obtaining these scores were annotated as ‘UN-
files of male and female adult parasites with the goal of ex- KNOWN'. In a further attempt to annotate these unknown
panding our knowledge relating to sexual maturation, sexual schistosome DNA sequences, they were compared against
dimorphism, labour division and gamete production. Ulti- theS. mansortST database compiled by Verjovski-Almeida
mately, investigations int8. mansonfranscriptional mech- et al. [9] using BLASTn, where DNA elements generat-
anisms will likely generate new insights into the develop- ing BLASTn bit score values 0£200 were considered a
ment and maintenance of this helminth’s dioescious lifestyle, match. Subsequent annotation was provided then by the EST
leading to the identification of novel drug targets or vaccine database assigned through additional BLASTx searches of
candidates. NCBI (using their applied criterig9]). Sequence similar-

ity assignment was performed for two reasons: (1) to an-

notate the DNA sequence representations deposited on each

2. Materials and methods DNA microarray; and (2) to identify which DNA strand to se-
lect for oligonucleotide design. For BLASTx searches with
2.1. Parasites no significant similarity, the sense strand was selected for

oligonucleotide design, unless there was a poly-T tractincor-
Adult male and femal&. manson{NMRI Puerto Rican porated at one end of the parent DNA sequence (anti-sense
strain) were perfused from percutaneously infected mice at 7 strand was used in this case). Therefore, a small percent-
weeks after challenge with independent batches of 250 cer-age of oligonucleotides deposited on this DNA microarray
cariae each shed from albilgiomphalaria glabrata After may have represented the non-coding DNA strand. The la-
perfusion, both immature and mature worms were counted belling procedure used in this stufi§6] (Klenow incorpo-
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