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Abstract

High-throughput short-read sequencing has transformed molecular biology, enabling
applications from population-scale genomics to routine clinical diagnostics. However, its
inherent read length limitation prevents accurate resolution of complex genomic regions such
as repetitive elements and structural variants. Moreover, PCR amplification, integral to short-
read workflows, erases native epigenetic modifications, necessitating separate, costly
experiments to recover this information. Finally, because data analysis can only begin after

sequencing completes, turnaround times are extended from hours to days.

Long-read sequencing addresses each of these limitations directly. It generates reads tens to
hundreds of kilobases in length that span complex genomic regions, eliminates PCR
amplification to preserve native base modifications, and streams data in real time, allowing
parallel analysis of the generated data. Recent advances in Nanopore chemistry, coupled with
the rapid evolution of Al-driven basecalling models, have elevated raw read accuracy to exceed

98%, steadily closing the gap with short-read platforms.

This thesis leverages contemporary Nanopore sequencing to resolve complex genomic
architecture across three major subfields of genomics. The central objective is to demonstrate
that Nanopore sequencing, alongside short-read sequencing, serves as a powerful genomic
instrument capable of delivering highly contiguous, well-annotated assemblies and novel

frameworks that harness its full capabilities.

It comprises three aims. 1) Using Nanopore sequencing at the whole-genome level to produce
highly contiguous assemblies with better annotations and develop novel frameworks for
uncovering complex regions of the genome; 2) Using Nanopore sequencing at the whole-
metagenome level to produce highly contiguous metagenome-assembled genomes (MAGs)
from environmental samples and develop a novel algorithm capable of capturing antimicrobial
resistance genes (ARGs) directly from the sequencing data; 3) Develop a novel application
utilising the real-time data generation advantage offered by Nanopore sequencing to capture

the microbial composition by selectively targeting the universal phylogenetic marker.

Workflows, analysis and results presented in this thesis demonstrate the current standing of
Nanopore sequencing and further emphasise its claim to resolve the complex regions of the
genome. This thesis establishes Nanopore sequencing not as a niche tool for specialised
applications but as a unified genomic instrument. The work conducted in this thesis, with

improved validation, can be extended to clinical and environmental settings.
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EET Extracellular Electron Transfer

HAC High Accuracy Model

KO Kegg Orthologs

MAG Metagenome-Assembled Genomes
NMDS Non-metric Multidimensional Scaling
NuMT Nuclear-embedded MiTochondrial segments
ONT Oxford Nanopore Technologies
PacBio Pacific Biosciences

PCA Principal Component Analysis

PCoA Principal Coordinate Analysis

PCR Polymerase Chain Reaction

ROS Reactive Oxygen Species

SMRT Single-Molecule-Real-Time

SNP Single Nucleotide Polymorphism

SV Structural Variants

TSS Total Sum Scaling

WGS Whole Genome Sequencing

WMS Whole Metagenome Sequencing
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