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1. Introduction & Aims

Trypanosomes are responsible for both Human and Animal
. . . . Metacyclic
African trypanosomiasis, causing severe health and ]
economic burdens across sub-Saharan Africa. The lifecycle of Noscent /4%
Mammal

trypanosomes is shown in Figure 1. o =%
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Trypanosomes are extracellular parasites — they frequently
change expression of their variant surface glycoproteins
(VSGs), encoded at their telomeres, which cover the surface
of bloodstream parasites to evade host immune responses
[1-2] (Figure 2).
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Figure 2. VSGs cover the surface .
bloodstream-form trypanosome cpimastigote
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Bloodstream- Figure 1. Schematic of the trypanosome

form lifecycle, adapted from [3-5]
trypanosome

Aim > Understand how sexual recombination between parental strains of Trypanosoma brucei influences VSG
content in progeny genomes using long read sequencing

2. Sexual Recombination in Trypanosomes

Chromosome 1 Chromatid B ChromatidB Chromosome 1
Trypanosomes undergo sexual containing VSGA containing VSGB
recombination (Figure 3), but it is ] Telomere Melomere R Telomerd]
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. . the progeny have VSG parental trypanosomes (inthe
the project is to sequence and A, and 50% have VSG B salivary gland of tsetse fly)
inth h
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progeny genomes to map 3 3 D
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regions, to ascertain how parental
haplotypes are inherited in the
progeny following sexual
recombination.

Figure 3. Schematic showing sexual recombination between two parental strains
of T. brucei containing different VSG repertoires and proposing how progeny
would inherit VSG content based on Mendelian genetics.
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VSGs

e 2,000 VSGs inthe T. brucei genome,
expressed monoallelically [7]

* Expressed from 1 of ~20 telomeric
bloodstream expression sites (BESs) [8-9]

* VVSGs are present in repetitive, hemizygous,
subtelomeric regions [6,10]
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Figure 4. Adapted from [6] showing compartmentalisation
of the trypanosome genome with VSG genes (red)
segregated into hemizygous telomeric regions

3. DNA Extraction and Nanopore Sequencing
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VSGs and other virulence genes of interest are found in the
notoriously difficult-to-sequence telomeric regions of the
trypanosome genome. Assembling complete, contiguous, repetit
arrays can only be achieved through long read sequencing.
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To generate long-read data, ultra-high molecular weight DNA
extraction methods are required, such as the Circulomics Nanobi
CBB Big DNA kit. The extraction process of this method is outline
in Figure 5.
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Nanopore sequencing (shown in Figure 6) has generated the
longest read lengths of any sequencing technology [11]. As long o
read data is integral to assembling the repetitive VSG regions,
nanopore sequencing was chosen as the primary sequencing
technology.

Figure 6. Schematic showing nanopore sequencing
using Oxford Nanopore Technologies’ MinlON device
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4. Results: MinlON Run Statistics
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Figure 7. Showing the performance of MinlON Run 1 through time. (A) Total yield from flow cell over time, (B) Speed of bases passing
through nanopore every second over time, (C) Number of active nanopore channels over time, (D) Number of reads passing through each
channel over time

Run performance through time (Figure 7) is monitored, which indicates whether any issues, such as air bubbles,
appeared during the run. Following each run, QC metrics and assembly statistics are calculated (Table 1). As my
project focuses on assembling VSG regions and requires long read data, it is important to have a high N50
statistic (which shows that 50% of the genome is contained in fragments of that size or larger), and low numbers
of fragments and scaffolds (Runs 3 and 4, shown below).

MinION Extraction Kit . . . Total Reads TotalYield MeanRead NS50Read Mean Total Length Fragments Largest Fragment Mean
Run # Clent Protocol AaEn7Eegrenehglds Al eYHerEs (K) (Gb) Length (Kb) Length (Kb) Qscore (Mb) Fragments N50 (Mb) (Mb) STENRLS Coverage
HMW DNA
STIB 247 Extraction of Rapid Sequencing Kit (SQK-
TR [ it v " 690  186.1 06799 3.1 56 102 3180 610 0.32 1.55 34 13
(Circulomics)
HMW DNA
STIB 247 Extraction of Rapid Sequencing Kit (SQK-
2 o1 cure o RADOOM, 1065  97.2 0.5349 3.6 62 9.8 3110 661  0.095 0.53 26 9
(Circulomics)
UHMW DNA
STIB 247 Extraction of Rapid Sequencing Kit (SQK-
3 cloar seanel o00r 905 711 1.1 8.5 183 95 3603 156 1.50 5.23 9 20
(Circulomics)
UHMW DNA Nanobind UL Library Prep Kit
g4 TREUSZZ Bxtractionof - ({Cirelomics)/UltralongDNA 9 95 5147 2.0 1.4 179 9.7 3384 185 2.14 5.60 6 41

Clone 1 Cultured Cells Sequencing Kit (ONT; SQK-
(Circulomics) ULKOO01)

Table 1. Showing MinION Run quality control and assembly statistics for runs 1-4, for both parental strains of Trypanosoma brucei

5. Results: Parental Genome Assemblies

De novo assemblies of parental genomes. Both genomes were assembled using Flye and error corrected and
polished using Medaka. Dotplots were generated to compare each assembled parental genome against the TREU
927 reference (Figure 8).
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Figure 8. Dotplots showing the results of the de novo genomes of both parental T. brucei strains (A) STIB 247
(Runs 1-3 combined; 37.14Mb) and (B) TREU 927 (Run 4; 33.83Mb) compared to the TREU 927 reference
genome (TriTrypDB)

The de novo TREU 927 genome aligns well to the TREU 927 reference, but we have managed to assemble more
telomeric sequence for several chromosomes. As expected STIB 247 aligns less well to the TREU 927 reference,
and especially at the rapidly evolving VSG regions. Additional Hi-C sequencing and PacBio HiFi data will be used
to further refine these assemblies and VSG regions.

6. Future Work

Finalise PacBio assembly of two parental genomes

Perform Hi-C Sequencing to improve the assembly of parental telomeric regions

|dentify VSG content in parental genomes

Analyse the inheritance of parental haplotypes, including the segregation of the 2,000 VSGs in F1 progeny
assemblies, and how this might influence the progression of antigenic variation.
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