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Abstract

Schistosomes cause untold disease and disability in the developing world. Here, we introduce
SchistoCyte Atlas, a web-based platform to explore gene expression at single-cell resolution in
adult Schistosoma mansoni. Similar resources accessible by the non-specialists across the globe
will expedite our ability to understand the biology of these devastating parasites.
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Schistosomes are among the world’s most successful pathogens infecting roughly 240
million of the world’s poorest people[1, 2]. While these parasitic flatworms claim the lives
of ~250,000 people annually[2], perhaps the biggest tragedy are the chronic morbidities
associated with infection that rob millions of the opportunity to live healthy and productive
lives. These parasites have a complicated life-cycle that involves both mammalian definitive
and snail intermediate hosts. Humans become infected when exposed to water contaminated
with larval schistosomes, which then penetrate the skin and enter the blood, where the
parasites mature over the course of several weeks to either male or female adult worms.
Once mature, adults lay hundreds of eggs per day. Those not voided from the body

become trapped in the viscera, resulting in the inflammation and fibrosis that drives disease
pathology.

Although schistosomiasis is second only to malaria in terms of the devastation caused by a
parasitic disease, treatment has relied on a single drug for nearly 40 years and recent work
suggests mass drug administration efforts with praziquantel are likely insufficient to achieve
the goal of elimination[3]. Compared to the resources invested in other parasitic diseases,
we would argue the commitment of the research community to understanding schistosome
biology and developing new therapies is not remotely commensurate with the scale of the
problem. Therefore, it is critical that we expand our understanding of these parasites and use
this knowledge to advance new strategies to combat this disease.

*Correspondence: JamesJ.Collins @UTSouthwester.edu (J. J. Collins).
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Unlike many of the most experientially tractable and heavily studied parasitic organisms
(Toxoplasma, Plasmodium, Trypanosoma brucei, etc), schistosomes are metazoans
possessing several complicated organ systems that sustain their ability to thrive and lay
eggs in the blood for decades. Clearly, a deeper molecular understanding of the anatomical
“nuts and bolts” of these parasites would provide a rich knowledge base by which to

begin dismantling their complex and unique biology, suggesting new therapies. With this
in mind, several groups in the past-decade have combined gene expression profiling (i.e.,
microarray and next-generation sequencing) with various tissue isolation approaches (organ
isolation[4, 5], dissection[6, 7], and dissociation/fluorescence activated cell sorting[8]) to
characterize parasite organ systems on a molecular level. More recently, the promise of
this approach has expanded exponentially with the implementation of single cell RNA
sequencing (scRNAseq) approaches. Studies have used scRNAseq to characterize cells
from the parasite’s intramolluscan stage[9], larval[10] and juvenile[11] intramammalian
forms, and adult male and female parasites[12]. In total, these studies provide the most
comprehensive molecular description of the parasite’s cells, tissues, and organ systems to
date. Given this massive amount of new information the field will have its work cut out for
itself unwrapping these data for years to come.

Since scRNAseq experiments generate such voluminous datasets, a major challenge is
making sense of the data. This is compounded by the fact that there is no standard analysis
and visualization platform, requiring biologists (like us) to dive into complicated programs
to fully exploit the data. With this in mind, we have created SchistoCyte Atlas! that presently
includes the single cell RNAseq atlas made from over 40,000 cells from adult male and

both sexually mature and immature female parasites[12]. This web-based platform allows
users to query any gene in the Schistosoma mansoni genome and evaluate its expression
across 68 molecularly distinct cellular clusters present in the adult parasites including the
sexual organs, 31 populations of neurons, 8 populations of muscle cells, somatic stem

cells, tegument (skin), parenchyma, and excretory cells (Figure 1A). Not only can users
examine the expression of genes across sexes and between worms at distinct stages of
sexual maturation, but all genes are linked to WormBase ParaSite i3], By directly
interfacing with WormBase ParaSite, users can acquire sequences for genes of interest and
also determine whether homologous genes are present in various flatworm species including
other schistosomes such as .S. haematobium and S. japonicum. This will give researchers
working in these other flatworm systems an opportunity to make hypotheses regarding what
genes might be cell-type specific markers in their model.

We have also incorporated two “explorer” features: “Gene Explorer” and “Cluster Explorer”
that allow users to explore the data in more depth. Gene Explorer allows users to search

for genes based on either Gene Ontology terms or Interpro domains, and then examine
where these genes are expressed in the worm. This feature will allow users interested in
specific classes of proteins (e.g., kinases) or cellular processes (e.g., mitosis) to examine
what cell types these proteins or processes might function in. The newly added Cluster

IResources

www.collinslab.org/SchistoCyte
W https://parasite.wormbase.org/index.html
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Explorer feature allows users to click on cell clusters of interest and explore what transcripts
are significantly-enriched in these clusters. This feature will provide users an opportunity

to make connections between genes based on cell-type specific co-expression that were
previously not possible using non-single cell-based gene expression approaches. In addition
to providing a user-friendly portal for accessing scRNAseq data, we have designed the
platform to be modular to include gene-specific information challenging to fit either into
supplemental materials or in standard databases. In particular, SchistoCyte contains over 100
videos depicting RNA interference phenotypes from a recent large-scale RNAi screen [14]
(Figure 1B).

Although single cell transcriptional studies have the potential to transform our understanding
of these parasites, they are not without their limitations. Depending of the technology
utilized to generate single cell transcriptomes, there are tradeoffs between the number of
cells that can be analyzed in a single experiment and the sensitivity to capture transcripts
over a large dynamic range. Thus, lowly expressed transcripts can be overlooked in some
analyses. Also, since some cells/tissues are either rare or challenging to purify from

the worm, scRNAseq-based analyses may not provide a complete picture of the cellular
repertoire of the parasite. Finally, there are a myriad of analysis platforms, and even more
analysis parameters in these platforms, all of which can shape the outcome of the final
scRNAseq product. Therefore, it is essential that data from a variety of sources (both
computational and experimental validation) are brought together to define the “true” cellular
make-up of the worm. Thus, we look forward to incorporating experimental validation (e.g.,
in situ hybridization data) and expanding the site to include not only additional scRNAseq
atlases but re-analyses of ours and other scRNAseq datasets.

Paramount to developing new strategies for combating schistosomiasis is a continued
community-wide effort to gain deeper understanding the parasite’s biology. This includes
not just those of us working at major western research institutions, but also our colleagues
working in endemic regions. Therefore, a sustained effort to make our research widely
accessible is critical. We hope that resources such as SchistoCyte and other scRNAseq
resources for schistosomes il will complement existing community-wide resources (e.g.,
Wormbase ParaSite ii).
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Figure 1. The SchistoCyte user interface.

(A) Screen shot showing the Cluster Explorer feature where users can click on any one
of 68 clusters and pull up gene whose expression is enriched in the cluster. (B) Screen
shot showing view for gene Smp_096640, its expression across tissues, and a link a video

showing its RNAi phenotype (left).
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