University

of Glasgow

Rossella Panarese?, Paul Capewell®, Claire Alexander® and William Weir®

? School of Biodiversity, One Health and Veterinary Medicine, College of Medical, Veterinary and Life Sciences, University of Glasgow, Garscube Estate, 464 Bearsden Road, Glasgow, G61 1QH, UK; ° Scottish Microbiology Reference
Laboratories (Glasgow), New Lister Building, 10-16 Alexandria Parade, Glasgow Royal Infirmary, Glasgow, G31 2ER, UK
"4 Rossella.Panarese@glasgow.ac.uk

Introduction

Giardia duodenalis (Giardia) is an intestinal protozoan parasite which causes disease in both animals and humans across the globe. It is becoming increasingly apparent that in developed
countries there exist major knowledge gaps on Giardia ecology and epidemiology. For example, in Scotland, despite being considered an “exotic” disease, recent studies have suggested the
presence of an endemic cycle of disease within the country which is not associated with travel-related infections'. However, endemic transmission routes are poorly understood and, in particular,
the level of zoonotic risk is unknown. Current molecular markers for parasite genotyping are low-resolution and are only effective on a minori’gy of field samples®®. Moreover, only a low proportion
of Giardia isolates can be adapted to culture, which presents a major obstacle to generating good-quality DNA preps for genomic sequencing®. Therefore, the present study aims: (i) to establish a
laboratory workflow to allow sequencing of Giardia directly from faecal samples collected from human and animal cases in Scotland; (ii) to generate high-quality exome sequences to establish a
robust minimum set of genotyping markers for analysing relationships between parasite isolates and (iii) to compare the genomes of endemic and foreign travel-associated isolates to begin to
iInvestigate transmission routes in Scotland.

Material and Methods

The laboratory workflow consists of four stages:
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| Optimisation of the genome capture hybridi-
sation protocol based on Target Amplicon Se-
quencing (TAS).

Whole genome sequencing using lllumi-
na technology, NextSeq 2000, with
standard sequencing read length 100bp
from both ends.

Final enrichment amplification using NEB
Ultra Il Q5 polymerase, PS5 library primer, AATGA-
TACGGCGACCACCGA, and P7 library prime,
CAAGCAGAAGACGGCATACGA. Amplifica-

Clinical sample

Design of overlapping biotinylated RNA capture

Known Giardia positive trial

sample from a
Scottish wildcat

DNA yield 1.61 ng/pl
Qubit dsDNA HS
(High Sensitivity) Assay

probes evenly spaced across the Giardia exo-
me, over-representing the loci most commonly
used for typing: bg, gdh and tpi genes located on
chromosomes 4 and 5 of the parasite.

Taco™ Nucleic Acid Auto-

tion conditions are shown in the table be-
low.

Final amplification of 14 cycles (specificity lost at
higher number of ampilification cycles; low DNA

Reference assembly was performed using
Bowtie2 and Minimap2 and compared with
the Giardia reference genome sequence
UU WB 2.1 available on GenBank.

matic Extraction System  Optimum testing conditions established as:

Hybridisation temperature TH 62 °C; Wash
temperature Tw 62 °C (see diagram below).

yield at lower number of ampilification cycles).

Best sequencing alignment obtained
with Minimap2.

I ‘ Start I

Purification using silica column instead of SPRI
beads improves the final DNA yield.

myBaits, Hybridisation Capture for Targeted
(Daicel Arbor Biosciences, USA)
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Library preparation ‘ .
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\ =~ 4 72 °C 45 seconds
Trial sample library ~k NS L % 5 72 °C 5 minutes
preparation . ]
6 8 °C 00
316 bp library size
Conc. 21.9 ng/ul, Ct 18 . - -
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At every step of the protocol, starting at library preparation through to the final purification, an aliquot of sample
Results material was stored and tested by Qubit and gPCR.
. Conclusions
A tOtaI Of 61 ,740,610 pa|red'end readS, Giardia positive sample Qubit results Giardia positive sample qPCR results
averaging 101 bp in length, were genera- =

We have successfully applied this me-
thodology to a Giardia-positive faecal
sample from a Scottish wildcat, achieving
a high level of parasite DNA enrichment
and generating exome-wide genotyping
data. Having demonstrated ‘proof of prin-
ciple’ for this approach, we now intend to
apply it to a number of human and animal
samples. Ultimately, it is envisioned that
genome capture methodology may provi-
de a rapid and accurate typing method for
this parasite which can be applied directly
to clinical samples. This will assist in the
typing of samples that do not readily PCR

ted in the course of the sequencing run.
92,698 successfully mapped to the Giar-
dia reference genome, clustering around
the target ‘bait’ loci which were distributed
throughout the parasite exome. This re-
sulted in the creation of a 4.7% and 3.6%
ref-seq coverage for chromosome 4 and
5, with a mean contig length of 200 and
265 bases for each chromosome, respec-
tively. Those loci that were over-
represented on the probe design had a
statistically higher depth of coverage than
the other regions of the genome and in-
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Pre- and Post- Enrichment protocol phases

Pre- and Post- Enrichment protocol phases

Schematic of the five Giardia chromosomes showing the distribution of mapped reads across the genome and
location of genes encoding triosephosphate isomerase (tpi), beta-giardin (bg), glutamate dehydrogenase (gdh)
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cluded the three key genes used for routl- 574 those for which classical typing loci Chr 1 T TN T T A TR T T e
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ces expressed in terms of ‘transcripts’ per Chr 2 W et b g il Qg | |

kilobase million (TPM) of 777,977 for gadh,
222,022 for bg and 1,000,000 for tpi. The-

thodology will allow a better understan-
ding of the epidemiology of the parasite in
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Scotland and further afield and has the Chr 3
potential to facilitate the elucidation of
transmission routes and the tracing of di-
sease outbreaks.

se gene sequences were compared to re-
ference assemblage sequences and at
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