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Supplementary Results

Vaccine Targets

Schistosomes have been targeted for elimination by the World Health Organization,
but despite global efforts to reduce disease infection, rates in ruminants and humans
continue to be high in most endemic regions. No Schistosoma vaccines are currently
available, and treatment relies on one drug, praziquantel [1]. Praziquantel
chemotherapy is highly effective but even mass treatment does not prevent
reinfection. Vaccines that induce long-term immunity represent a logical component
for the future control of schistosomiasis with the final goal of complete elimination.
Currently, only three schistosome vaccine antigens have entered human clinical trials.
Two recombinant S. mansoni vaccines are in early stage clinical testing (Sm14 and
Sm-TSP-2) and one S. haematobium specific vaccine (Sh28GST or Bilhvax)
completed a Phase 3 trial [2, 3]. The S. mansoni molecule Smp80 (calpain) is
undergoing testing in non-human primates and will likely advance to clinical
development [3]. We identified highly conserved S. bovis orthologous of Sm14 (99%
identify), Sh28GST (97.2%) and Sm-p80 (98.5%), and a moderately conserved
orthologue of the tetraspanin Sm-TSP-2 (34%) (Table S5). Tetraspanins are
composed of two domains, the short EC1 domain and longer EC2 domain. All four
included schistosome species were conserved over the EC1 domain (65% identity),
but showed two different variants of the EC2 domain. These results indicate that
Schistosoma vaccine targets potentially show cross-reactivity for multiple
Schistosoma species and represent promising vaccine target candidates against S.

bovis.
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Figure A: PacBio read length distribution
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Figure B: Distribution of 17-mers in short insert lllumina libraries.

The x-axis represents k-mer coverage (17 base pairs), the y-axis the distribution
(percentage) of k-mers with that coverage. The peak at 10 indicates that 3.5% of all
detected 17-mers occurred about 10 times in the 200bp insert libraries. The frequency

analysis demonstrated a low sequence heterozygosity of S. bovis.
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Figure C: GO categories identified across three Schistosoma species.

GO annotations were assigned from InterProScan results using WEGO.
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Figure D: Genome-wide comparison of S. bovis with S. haematobium and S. mansoni.

Genome-wide comparison of S. bovis and S. haematobium, panel (A), and S. bovis
and S. mansoni, panel (B). Genomic similarity was measured in a sliding-window
approach using a 5kb window size. Chromosome numbers were assigned by mapping
S. bovis scaffolds to the S. mansoni genome assembly (autosomal chromosomes 1-7
and sex chromosome W). Several long contiguous and highly conserved regions
(sequence-identity > 99%) provide evidence of recent inter-species hybridization and
are marked with arrows. Red lines depict segments with similar level of similarity,
which were found by fitting a piecewise constant curve using a least squares cost

function.



Region 1

Variant calls against S. haematobium

Variant calls against S. bovis
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Region 1 — reads mapped to S. bovis

S. Bovis SRR433860 SRR688116 SRR688117 SRR688118
200bp (Egypt) (Zanzibar) (Zanzibar) (Zanzibar)
0.8 1.2 1.2 1.2 1.25
1.00
0.6 . 0.9 0.9
0.75
<04 06 0.6
> 04 0.50
0.2 ‘
0.3 0.3 0.25
0.0 o) 0.0 0.0 0.00
A B A B A B A B A B
SRR688119 SRR688120 SRR688121 SRR688122 SRR688123
(Zanzibar) (Zanzibar) (Zanzibar) (Zanzibar) (Zanzibar)
1.2 1.2 1.25 1.2
1. 1
0.9 0.9 1.00 oo | oo
w 0.75 0.75
< 0.6 06 0.6 :
> 0.50 H 0.50
0.3 0.3 0.25 0.3 ] 0.25
0.0 0.0 0.00 0.0 0.00
A B A B A B A B A B

A: highly similarregion [ B: flanking region

Region 1 - reads mapped to S. haematobium
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Figure E: Variant allele frequencies for S. bovis and S. haematobium

polymorphisms for region 1

Panel (A) The figure shows the sequence identity scores for region 1, and the
flanking regions (top panel) and the variant allele frequencies of variants identified by
mapping whole genome sequencing reads (S. bovis and S. haematobium, Egypt
isolate) and exome reads (S. haematobium, Zanzibar isolates) to either the S. bovis
or the S. haematobium genome assemblies. Panel (B) Violin plots of the variant
allele frequency distributions for variants within and flanking the highly similar region,

as indicated.
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Region 2 — reads mapped to S. bovis
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Figure F: Variant allele frequencies for S. bovis and S. haematobium polymorphisms

for region 2

Panel (A) The figure shows the sequence identity scores for region 2, and the
flanking regions (top panel) and the variant allele frequencies of variants identified by
mapping whole genome sequencing reads (S. bovis and S. haematobium, Egypt
isolate) and exome reads (S. haematobium, Zanzibar isolates) to either the S. bovis
or the S. haematobium genome assemblies. Panel (B) Violin plots of the variant
allele frequency distributions for variants within and flanking the highly similar region,

as indicated.
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Figure G: Conservation of estradiol 17beta-dehydrogenase across multiple
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Schistosoma species.
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Figure H: Phylogenetic tree reconstructed from the amino acid sequences of 52
shared single-copy genes using the maximum-likelihood method.
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Figure I: Circular genome plot of the S. bovis mitochondrial genome.

The mitochondrial genome sequence was de-novo assembled from long PacBio
sequence reads yielding a 20 kb contig. Shown are predicted proteins (green), rRNAs
(blue) and tRNAs (red). All predicted genes are transcribed in the same direction, as
indicated by the black arrow. A >4 kb repetitive region comprised of two distinct repeat
units is depicted in grey. Repeat unit 1 (light grey) has ~520 bp; unit 2 (dark grey) has
~460 bp and contains a predicted tRNA for the amino acid serine. The repetitive
region was not completely resolved in the assembly and the position of the gap is

indicated at the top of the circle.
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Figure J: Pairwise alignment of an error corrected PacBio read spanning the repetitive
region of the S. bovis mitochondrial genome

The alignment shows a section of the S. bovis mitochondrial genome, centred on the
mitochondrial region, aligned with a PacBio read found to span this region. The PacBio
read was error corrected byCanu. The Mitochondrial sequence is rearranged such that
it is centred on the repetitive region with 3kb of non-repetitive sequence included on
either side. The PacBio read is the error corrected reverse complement of read
m141015_ 175441 42138R_c100696632550000001823138502281592_s1 p0/1168
21/381_8437 RQ=0.777 id=41428 0
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Figure K: 5kb mate pair library mapped to mitochondrial genome centered on the

repetitive region

The figure shows the spacing of read-pairs mapped to the S. bovis mitochondrial
genome in the reverse-forward orientation in the form of arcs with the height of the
arcs representing the distance between the mapped reads in a pair (visualized in the
Savant Genome Browser [4]). Read pairs spaced by more than 10kb or less than 1kb
were omitted. The mitochondrial sequence was centered on the repetitive region with
the region itself substituted for by a spacer comprised of 1,000 Ns.



Supplementary Tables

Table A: Overview of generated S. bovis sequence data.

Sequencing | Average Number of Bases GC content
Platform read length | reads (M) (Gb) (%)
llumina 90bp 623 56.1 35.91
PacBio 3.2kb 0.714 2.3 37.05

Table B: Summary of sequenced Illumina libraries.

Library Insert Reads (M) | Sequenced High-Quality
size (bp) bases (Gb) Reads (M)

Small insert / 200 158.8 14.3 137.0

paired-end

Small insert / 500 174.4 15.7 133.5

paired-end

Small insert / 800 91.6 8.2 58.2

paired-end

Large insert / 2000 130.6 11.8 88.3

paired-end

Large insert / 5000 68.0 6.1 454

paired-end




Table C: Characterization of repetitive elements found in four Schistosoma

genomes.
Repeat Type S. bovis | S. mansoni | S. haematobium | S.japonicum
Total interspersed repeats (%) 35.83 39.66 34.44 36.85
SINEs (%) 2.57 3.25 2.19 2.26
LINEs (%) 17.38 19.4 19.14 18.69
LTR elements (%) 4.18 5.86 3.96 3.65
DNA elements (%) 0.56 0.76 0.56 0.94
Unclassified (%) 11.12 10.39 8.6 11.31

Table D: Characteristics of protein coding genes (CDSs) across four Schistosoma

species.

Species Total Average | GC of Average Average | Average
genes coding coding exon exon intron
predicted domain sequences number length length

length (%) per gene | (bp) (kb)
(kb)

S. bovis 11,631 1.2 36 4.8 256 1.95

S. haematobium | 13,073 1.3 35 5.2 247 2.51

S. mansoni 11,774 14 36 6.4 225 2.43

S. japonicum 12,657 1.2 36 5.3 220 2.08




Table E: Conservation of parasite proteins previously linked to S. haematobium-induced

cancer across S. bovis and S. haematobium. Proteins were mapped to the genome sequences

using Exonerate.

Protein

Reference
organism /

Target organism?

Identity /
Coverage of
reference

sequence

Description

Estradiol 17beta-

dehydrogenase

S. haematobium /
S. bovis

98% / 100%

Involved in the synthesis of
estradiol. Proposed to be conducive
of tumorigenesis in S.
haematobium, potentially via
estrogen receptor mediated cell
proliferation leading to an increase

of DNA mutations during replication

Glycoprotein Omega-1

S. haematobium /

S. bovis

92% / 100%

Secretion from Schistosoma eggs
thought to trigger Th2-type immune
response leading to cancerous

environment

aQuery and target species of the Exonerate search.




Table F: Conservation of Schistosoma vaccine targets in S. bovis. Known vaccine

targets were mapped to the S. bovis genome sequence using Exonerate.

Vaccine / Major | Species Reference Identity® / |Clinical Description
antigen targeted organism / Coverage |development
Target of stage
organism? reference
sequence

Bilhvax / 28- S. haematobium |S. haematobium /|97% / Completed Important for fatty
kDa S. bovis 100% Phase 3 trial |acid metabolism and
recombinant prostaglandin
glutathione-S- synthesis. Localised
transferase in tegument
Sh28GST
Sm14/14-kDa |S. mansoni S. mansoni/S. |99% / Successfully | Schistosomes are
recombinant bovis 100% completed unable to synthesize
fatty acid Phase 1 trial |fatty acids. Sm14 is
binding protein required to import
Sml4 fatty acids from diet
Sm-TSP-2/9- |S. mansoni S.mansoni/S. |34%/89% |Successfully |Expressed in
kDa bovis completed tegument providing
recombinant Phase 1 trial | high levels of
tetraspanin protection as
Sm-TSP-2 recombinant vaccine

in mouse models
Sm-p80 S. mansoniand |S.mansoni/S. [99% /91% |Pre-clinical Located in tegument
(calpain) S. haematobium |bovis development |and may play role in

immune evasion by
renewing surface
membrane.
Vaccines against
large subunit Sm-
p80 protected from
S. mansoni and S.
haematobium in
model organisms

2Query and target species of the Exonerate search. °Sequence identity on amino acid

level.
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