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Schistosomiasis is a chronic inflammatory disease caused by infection with parasitic blood

flukes (Schistosoma spp.) that impact the lives of millions in endemic regions of South America,

Asia and Africa (Steinmann et al., 2006). Chronic tissue inflammation and fibrosis leading to

severe organ necrosis and eventual organ failure of those infected with schistosomes is caused by

trapped schistosome eggs in the host tissues, laid by reproducing adult schistosomes (Colley et

al., 2014). Eggs that do not get trapped are released into the environment with the feces or urine

of the host

Snail intermediate hosts are required for the transmission of schistosomes from one

vertebrate definitive host to another. Snails become infected when eggs released by the host

reach freshwater, hatch, and the free-swimming schistosome larvae (miracidia) infect aquatic

snails. In snails, schistosomes that successfully infect them clonally reproduce, resulting in the

daily release of thousands of free-swimming, short lived, infective larvae, called cercariae. These

cercariae are equipped to penetrate the skin of vertebrate hosts, causing infection and

completing the parasites lifecycle.

Current schistosomiasis control efforts focus on the at-risk human population through mass

drug administration (MDA) with Praziquantel (Colley et al., 2020). However, even with adequate

treatment, people become rapidly reinfected, because infected snails remain in the environment.

Control of snail populations, typically through the application of molluscicides, has

contributed to the reduction of reinfection rates following MDA in some countries (Allan et al.,

2020). However, efficient application of molluscicides requires substantial logistical planning,

community sensitization, human effort and material resources (Gryseels et al., 2006; King et al.,

2015; Allan et al., 2020), proves to be ineffective in some endemic settings, and is

indiscriminately toxic to other freshwater wildlife (Sokolow et al., 2018, Knopp et al., 2019).

An alternative approach to effective schistosomiasis control is needed to reduce or eliminate

transmission to humans. Understanding inherent genetic resistance mechanisms in intermediate

host snail species is likely to yield novel strategies of control.

Our candidate gene yield, their
respective features and functions supports
our hypothesis that the diversity-based
approach is capable of identifying PRRs in the
B. sudanica vector.

Our compiled list of candidate PRR
genes contains orthologs of known PRR genes
in the closely-related B. glabrata such as PTC1
and PTC2 which show 8-fold and 15-fold
effects on odds of infection by S. mansoni
respectively (Tennessen et al., 2020)

Novel peptides suspected of PRR
structure and function in B. sudanica have
been discovered including TLR-7, TLR-8 and
C3 Complement protein, as well as many
novel genes with unknown functions

Our compiled list of candidate PRR
genes suspected of immune function provides
a foundation guiding future gene resistance
and knockout and genome-wide association
studies (GWAS) for Biomphalaria species.
Additional future work includes further
interrogation of the nucleotide diversity
dataset and directed investigation for B.
glabrata immune genes SOD1, RADres,
FREP3, HSP90, BgGRN, Knight marker, Prx4,
Catalase and Phox

Sequence the Genome of Five B. sudanica Lines
Five inbred (for at least 3 generations) B. sudanica lines
originating from Lake Victoria, Kenya sequenced with PacBio
Sequel II and Illumina paired-end reads
Sequenced B. sudanica genomes ~0.96 gigabases (Gb), with final
alignment containing combined 6,815 scaffolds and contigs

Nucleotide Diversity Between Lines
Mean inter-line nucleotide diversity (Π) was calculated across 
genome in windows of either 10 (Figure 2), 30 and 100Kb and 
selected for further analysis if:

• 10Kb: >0.01 Π (i.e. >1% nucleotide diversity)
• 30 & 100Kb: If contained in the top 50 most diverse contig 

regions for each window size that were not included in 10Kb 
windows with >0.01 Π

75 of 6,815 genome regions met the minimum Π threshold of 1% in
10Kb windows (n = 50) or were contained in the top 50 most
diverse regions of 30 & 100Kb windows (n = 17)
Regions in three contigs with previously identified orthologous PRR
genes in B. glabrata were included following selection (Table 1).

Predict Open Reading Frames in High-Diversity Regions

For each window that met our selection criteria of high nucleotide
diversity, 1 Mb of surrounding nucleotide sequence had open
reading frames (ORFs) identified using GENSCAN predictive peptide
software (Burge and Karlin, 1997).
4578 ORFs predicted from the 67 genome regions annotated

Identify Orthologous Open Reading Frames and 
Predicting Transmembrane Domains with TMHMM

For each predicted ORF, orthologous peptides/proteins searches were
performed using established databases (NCBI BLAST (Altschul et al.,
1990) and Vectorbase for B. glabrata specific orthologs)
1399 ORFs (26%) with BLAST ortholog with E-value <1E-99
1286 ORFs (28%) with Vectorbase ortholog with E-value <1E-99
Peptide/Protein structures of ORFs were predicted using TMHMM to
predict the presence, and number of, transmembrane domains (TMDs)
566 ORFs were predicted to contain between 1-50 TMDs
Immune suspected peptides were determined based on
BLAST/Vectorbase results showing predicted
receptor/membrane component functions and presence of TMDs (whilst
ignoring highly repetitive sequences and transposon/POL
predicted funtions).
818 or 17.9% of ORFs demonstrated immune function – 414 have at
least 1 TMD
Interesting peptides (Table 1) include established PRRs in B. glabrata and
novel peptides that have PRR functionality in B. sudanica
• PTC2, TLR-4 (c208), Fibronectin type 3 (c359)
• TLR-7 (s3064), TLR-8, C3 complement protein (c274)
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Figure 1: - Representing the role of pathogen
recognition receptors (PRRs) in active snail
immunity

Immune cell
Pathogen recognition receptors (PRRs) are

proteins that play a critical component of the

innate immune system by detecting molecules

released by invading pathogens or damaged cells

to then activate and recruit various immune cells

to infection sites (Figure 1). It is hypothesized

that evolutionary host defense and reciprocal

pathogenic innovation has driven PRRs to a high

degree of genetic polymorphism, a

phenomenon known as balancing selection

(Fijarczyk et al., 2016; Lundberg et al., 2020).

PATHOGEN RECOGNITION RECEPTORS (PRRs)

PRRs have been demonstrated as active components of the immune system of

Biomphalaria glabrata, the South American vector of Schistosoma mansoni (Pila et al., 2017;

Adema et al., 2017), however PRRs in African vectors such as B. sudanica, which are responsible

for the majority of global transmission, are unknown. Several types of PRR have been identified

in B. glabrata, most of which contain transmembrane domains including toll-like receptors,

Peptidoglycan recognition-binding proteins (PGRP), Gram-negative binding protein (GNBP) and

Fibrinogen-related proteins (FREP).

AIMS & HYPOTHESIS
Aim: To identify candidate PRR genes in the B. sudanica genomes of 5 inbred lines by annotating

genes in genomic regions exhibiting high nucleotide diversity and containing peptides with

predicted transmembrane domains.

Hypothesis: We predict that novel PRRs in the B. sudanica genome, as well as those closely

related to B. glabrata, will be identified in highly diverse regions of the genome because of the

high nucleotide polymorphism in these genes mediated by balancing selection.

Comparison to Control Regions

TMDs are overrepresented in immune-suspected peptides in highly
divergent regions as compared to control regions*
30 randomly selected contigs investigated with 17 of 327 total peptides
demonstrating PRR structure and function
414 / 4578 = 9.04% of peptides in highly divergent regions with immune
suspected function and TMDs
17 / 327 = 5.20% of peptides in control regions with immune-suspected
function and TMDs
*statistically significant with p<.05 using Fischer’s exact test

Figure 2: Distribution of highly diverse B. sudanica genome regions in windows
of 10kb with known candidate pathogen recognition receptor genes; PTC1,
PTC2 and BgTLR, labeled

PTC2 – c208
PTC1 – c359

BgTLR – c3435

Table 1: - Most interesting peptides from previously identified B. glabrata PRRs
and novel PRRs unique to B. sudanica. Features of interest and predicted
functions are included with total ORFs, peptides with TMDs and peptides with
suspected immune function
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