
Uncover bacterial pathogen identity using Nanopore MinION 
A collaboration between WorldFish, The University of Queensland, WilderLab, Centex and GeneSEQ
Online virtual workshop 9th of August 2021



Inspire Challenge project 



Malaysian institutions and participants
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Enterobacter sp.

Bioflocs

Bacillus cereus

Sediment

Photobacterium sp. / Bacillus sp. 
Vibrio sagamiensis

Seawater

Vibrio parahaemolyticus 

Lates calcarifer

Vibrio parahaemolyticus / V. owensii / V. harveyii

Penaeus monodon

Streptococcus agalactiae

Oreochromis sp.

Hosts & pathogens from Malaysia



Vibrio sp; Streptococcus iniae

Barramundi
Lates calcarifer

Streptococcus sp; Edwardsiella sp.; 
Aeromonas sp; Vibrio sp.; Infectious Spleen 
and Kidney Necrosis Virus (ISKNV); Tilapia 

lake virus (TiLV)

Tilapia
Oreochromis sp.

Vibrio sp; Aeromonas sp.

Shrimps
Penaeus monodon/vannamei

Photobacterium damselae Streptococcus agalactiae

Kingfish
Seriola lalandi

Qld giant grouper
Epinephelus lanceolatus

Rainbow trout
Oncorhynchus mykiss

Pangasius
Pangasius sp.

Atlantic salmon
Salmo salar

Aeromonas hydrophila S. iniae; Yersinia ruckeri Y. ruckeri; Tenacibaculum maritimum

Hosts & pathogens from other parts of the world



Aquaculture pathogens sequenced 
in this project 

Honduras, Ecuador, Peru, USA, 
Canada, Israel, Australia, New-
Zealand, Vietnam, Thailand, Malaysia

Future works using Nanopore

Bangladesh, Egypt, Ghana, Nigeria 
and Kenya

Origins of the pathogens



Bacterial samples DNA extraction and Illumina 
sequencing 

bacterial suspension 
inactivated in 100% 

ethanol

DNA extraction/ 
quantification

Participants 
bacterial isolates

Illumina sequencing
(short reads)



Raw Nanopore and Illumina 
data combined for analysis

DNA samples for Nanopore sequencing 



Part 1
● Sequencing technologies from Sanger to Nanopore 
● Applications

Part 2
● Sample collection & DNA extraction

Part 3
● DNA library prep for Nanopore sequencing

Part 4
● Bioinformatics analyses

Part 5
● Participant Data Overview

Today’s agenda 



From Sanger to Nanopore sequencing technologies
Associate Prof Andrew Barnes
The University of Queensland



https://doi.org/10.1159/000477808

First generation sequencing: Sanger technology

https://doi.org/10.1159/000477808


http://www.marbigen.org/content/flx-454-sequencer

https://tools.thermofisher.com/content/sfs/brochures/PGM-Specification-Sheet.pdf https://doi.org/10.1159/000477808

2G NGS platforms: Life Technologies Roche 

NGS: Next Generation Sequencing

https://doi.org/10.1159/000477808


https://doi.org/10.1159/000477808

2G NGS platforms: Illumina

https://doi.org/10.1159/000477808


https://doi.org/10.1159/000477808

https://www.wikiwand.com/en/Pacific_Biosciences

3G NGS Pacific Bioscience

https://doi.org/10.1159/000477808


https://doi.org/10.1159/000477808

3G NGS Oxford Nanopore

https://doi.org/10.1159/000477808


Motor
Nanopore Reader

Membrane

Run Conditions

Algorithm
RNN to determine DNA 
sequence from raw data 

Multiple nanopore sensors arrayed 
in one device sequencing in parallel 

Operate independently but at the 
same time

Nanopore DNA/RNA sequencing - how does it work?



Application of NGS in aquaculture



Fish farmers’ questions during disease outbreak

What is 
killing my 

fish?
How can I 

treat them?

How can I 
prevent 

disease in 
the next 
crop?



NGS 
(MinION/Illumina)

Pathogen Species ID and 
epidemiology (MLST)

Molecular serotyping
(vaccine formulation)

Antibiotic susceptibility 

Management of disease 
outbreak at farm level

Virulence factor identification 

Genome-based diagnosis of pathogens in aquaculture



Sample collection & DNA extraction 
Dr Jerome Delamare-Deboutteville
WorldFish



Sampling materials for fish bacteriology

Spray or squirt bottle filled
with suitable disinfectant (e.g.
normal grade 70% ethanol).

Anesthetic (e.g. MS-222,
benzocaine, clove oil).

Post-mortem sheet, clean tissue
paper or aluminium fold to create
a clean surface to sample the fish.

Paper towels (enough for each
fish and to clean surfaces and
instruments).

Sterile dissection kit 
(scissors, scalpel, forceps, 
tweezers etc.).

Portable Bunsen burner to 
create a sterile environment 
around the sampling area 
and to sterilize dissection 
instruments between fish.

Sterile single-use loops, plain 
cotton swabs or reusable 
metal loops.

Trypticase Soy Agar (TSA) 
plates (or any other 
bacteriological agar as per 
study requirement).

Bacteriological transport 
swabs (if no TSA plates to be 
used for field sampling).

Plastic beaker (50–100 mL)
to disinfect instruments in
70% ethanol.

Box, transport container, 
strong resealable plastic 
bags to pack and transport 
samples.

Plastic biohazard clinical
bags for waste disposal.



pure bacterial 
suspension 

Bacteriology sampling from diseased fish 

BIOBANKING

DNA extraction



Advantages Disadvantages

SDS+Proteinase K Overall good performer for DNA extraction May lead to co-precipitation of 
carbohydrate 

CTAB Sample with high polysaccharide
(e.g. capsulated/mucoid microbe) 

CTAB is detrimental to environmental 

Lysozyme pretreatment 
+SDS 

Suitable for gram positive microbe May not work across all gram positive 
microbe 

Mechanical disruption  
(Bead beating)

Samples with tough/thick cell wall Can lead to fragmentation of DNA 
(higher smearing) 

Cells lysis methods



Advantages Disadvantages

Phase 
separation
(chloroform 
extraction)

High DNA yield and integrity
Cheap

Requires equipment, generates 
toxic chemicals (chloroform and 
phenol), relatively time consuming

Column-based 
separation

Fast and convenient. Requires equipment, expensive, 
often low-yield and molecular 
weight and require multiple 
centrifuge steps. Not scalable

Magnetic 
silica/
carboxylated 
beads

Scalable, fast and convenient, 
only magnet needed, high DNA 
yield and integrity

High cost of commercially 
produced beads

DNA purification methods



Qubit Fluorometer. Measure the concentration 
of dsDNA based on the fluorescence emitted 
by proprietary dsDNA-specific binding dye.

DNA concentration 



Nanodrop spectrophotometer to estimate DNA 
purity based on absorbance measurement. 

DNA integrity assessed by agarose gel electrophoresis. 

DNA quality control



DNA library prep for nanopore sequencing 
Dr Jerome Delamare-Deboutteville
WorldFish



• Very rapid library generation with 
minimum laboratory requirement 

• Fragmentation: tranposase based

• Input amount: 400 ng HMW gDNA

• Multiplexing options

• Can generate several Gbases in a run 
(~3-5Gb)

Library Preparation: Transposase Approach (Rapid Kit)



Barcode multiple samples Pool and sequence Separate and analyse

Kits are available to 
multiplex several samples, 
to maximise flow cell usage.

Up to 96 barcodes are 
supplied in Oxford 
Nanopore kits.

Barcoding - Multiple Sample in One Nanopore Run



A functional MinION Flowcell for Sequencing



Flow cell Priming



Library loading on Minion flow cell



Library loaded



Starting a sequencing run



Sequencing run

http://drive.google.com/file/d/1IewS-e9UO-s3S6269nfYP-HOycg852Zv/view


Bioinformatics: Simplifying Big Data 
Dr Gan Han Ming 
GeneSEQ



Nanopore Raw Data: Sequencing report



Nanopore Raw Data: File structure



Raw Data Usable (or “edible”) Information

Complexity to Simplicity



Basecaller - Machine Learning
Algorithm to determine DNA sequence 
from raw data signal

Biological nanopore

Source: Nanopore

Conversion of Raw Signal Data (fast5) into FastQ file



Same Raw Fast5 file > Different Basecaller > Different Accuracy
Keep your fast5 file

https://nanoporetech.com/about-us/news/new-research-algorithms-yield-accuracy-gains-nanopore-sequencing

Different Basecaller = Different Sequence Accuracy

https://nanoporetech.com/about-us/news/new-research-algorithms-yield-accuracy-gains-nanopore-sequencing


Illumina

Nanopore

Illumina (Short Read) FastQ vs Nanopore (Long Read) FastQ



● Adapter read through

● Low-quality reads (low accuracy)

● Filter = to remove completely

● Trimming = to remove certain part of the DNA reads

https://snipcademy.com/ngs-techniques

Filtering and trimming reads

https://snipcademy.com/ngs-techniques


Short and/or Long Reads

Contigs - overlapping sequence data

Overlap/Assemble

Piecing the “clean” puzzles together 



Short Reads Assembly Graph:
Multiple Contigs and unresolved knots

Long Reads - Resolve repeats - Simpler Graph

Genome assembly statistics 
outcome depends on read length



Major currencies in NGS

Fast5
Raw basecall signal (but specific to Nanopore)
Large but can be re-basecalled to give improved 
quality

FastQ
Raw data (can be submitted to NCBI SRA)

Fasta
Assembly file (draft or complete) 
usually similar size as the genome)

800 Mb 

100 Mb (8x smaller than fast5) 

2.1 Mb (A typical GBS genome) 

Approximate disk storage size



Number of contigs

N50

Total Assembled Length 

GC content

Key Metrics of Genome Assembly (Fasta file)



● Number of contigs - Ideal Assembly = 1 contig --- 1 chromosome 

● N50 = Shortest contig length at 50% of total assembled length

● Total Assembled Length = Should be similar to expected size

● GC content = No major deviation from other closely related strains

Key Metrics of Genome Assembly



Web-based tools

● Upload Fasta (or FastQ) files

● Open-source = Free to use

● Peer-reviewed

● Doesn’t rely on your hardware

● Internet Connection (cloud) 



Source: http://cab.cc.spbu.ru/quast/

Quality Assessment of Genome Assemblies
QUAST web server

Upload your fasta here!

http://cab.cc.spbu.ru/quast/


Source: http://cab.cc.spbu.ru/quast/

QUAST Output

http://cab.cc.spbu.ru/quast/


Assembled Genome -> Identification of Conserved Gene (Bacteria ODB10) -> Summarize 

100% complete and single-copy gene = target
High Duplicated rate  and Low Single-copy rate (S:0%,D:100%) = possible contamination
High fragmented rate indicates fragmented assembly  

Assessment of Genome Completeness
BUSCO 5



NGS 
(MinION/Illumina)

Pathogen Species ID and 
epidemiology (MLST)

Molecular serotyping
(vaccine formulation)

Antibiotic susceptibility 

Management of disease 
outbreak at farm level

Virulence factor identification 

Genome-based diagnosis of pathogens in aquaculture



Source: http://www.genomicepidemiology.org/services/

Web-based Species ID, MLST, Serotype, AMR identification 
Center for Genomic Epidemiology (CGE)

http://www.genomicepidemiology.org/services/


A Fast K-mer based approach (Kmer finder)

● User-Friendly

● Select Database

● Select Your Genome fasta/fastq file (isolate)

● Upload

● Species ID

Source: https://cge.cbs.dtu.dk/services/KmerFinder/

CGE: Taxonomic Classification 
(A sanity check)

https://cge.cbs.dtu.dk/services/KmerFinder/


NF_1

USM_3

CGE: Taxonomic Classification 
(A sanity check)



In-silico genome-genome hybridization

Source: http://jspecies.ribohost.com/jspeciesws/

Average Nucleotide Identity Calculation
JSpecies Webserver

http://jspecies.ribohost.com/jspeciesws/


Compare with TYPE STRAIN (Descendants of the original isolates used in species and 
subspecies descriptions). Not all strains are type strains!

Average Nucleotide Identity Calculation
JSpecies Webserver



Choose the NCB rRNA/ITS databases 

paste 16S rRNA fasta sequence

Species Identification based on 16S rRNA similarity
NCBI-BLAST Webserver



Multi Locus Sequence Typing (MLST) 



Source: https://pubmlst.org/

Public databases for molecular typing and microbial 
genome diversity 

https://pubmlst.org/


● Alternative to conventional 
MLST based on PCR / Sanger

● Fast and Efficient

● Digitalize

● Less Error-prone

Source: https://cge.cbs.dtu.dk/services/MLST/

CGE: Genome-Based MLST
MLST 2.0 (Multi-Locus Sequence Typing)

https://cge.cbs.dtu.dk/services/MLST/


CGE: MLST from assembled contigs or raw data
MLST 2.0 (Multi-Locus Sequence Typing)



● Homology-based AMR identification

● % ID vs % Length (Specific vs Sensitive)

● Select genome and Upload

Source: https://cge.cbs.dtu.dk/services/ResFinder/

CGE: AMR identification from assembled contigs or raw data
ResFinder 4.1 

https://cge.cbs.dtu.dk/services/ResFinder/


Source: https://cge.cbs.dtu.dk/services/ResFinder/

CGE: AMR identification from assembled contigs or raw data
ResFinder 4.1 

https://cge.cbs.dtu.dk/services/ResFinder/


https://submit.ncbi.nlm.nih.gov/subs/genome/

Genome Submission to NCBI 

https://submit.ncbi.nlm.nih.gov/subs/genome/


● .gbk format with GenBank Accession code 
for the assembly

● Draft or complete assembly will be accepted

● Unique Accession for each Gene

● Protein Translation 

● Start and Stop

● Putative Function description

A Typical Annotated Genome by NCBI



Participant Data Overview
Dr Gan Han Ming 
GeneSEQ



Participants’ Analyzed Data
Putative Species Assignment Based on WGS



Assessment of Genome Completeness



https://pubmlst.org/bigsdb?page=profileInfo&db=pubmlst_vparahaemolyticus_seqdef&scheme_id=1&profile_id=1913

MLST on selected strains (Vibrio parahaemolyticus) 

https://pubmlst.org/bigsdb?page=profileInfo&db=pubmlst_vparahaemolyticus_seqdef&scheme_id=1&profile_id=1913


ST-1913 Background 



Linux command line - An example with AMR 
identification



Source: https://github.com/tseemann/abricate

Visualization of AMR profile among sequenced strains

https://github.com/tseemann/abricate


(1) Using Linux based approach (https://github.com/tseemann/mlst)

(2) Rapid and precise alignment 
draft genome/contigs (fasta) against 
redundant databases with KMA

SAME RESULTS

MLST on selected strains (GBS) 



https://cge.cbs.dtu.dk/cgi-bin/webface.fcgi?jobid=6107946F000009F219F0D4A7https://cge.cbs.dtu.dk/services/PathogenFinder/

CGE: ST-283 pathogenicity towards human hosts
PathogenFinder 1.1

https://cge.cbs.dtu.dk/cgi-bin/webface.fcgi?jobid=6107946F000009F219F0D4A7
https://cge.cbs.dtu.dk/services/PathogenFinder/


http://www.fao.org/3/cb4901en/cb4901en.pdf

MLST: Streptococcus agalactiae sequence type (ST) 283

http://www.fao.org/3/cb4901en/cb4901en.pdf


BLAST-based approach 
(input = Fasta: assembled draft or complete genome)

https://github.com/swainechen/GBS-SBG

Diagnostic k-mer-based approach 
(input = Fastq > 400 read sequences - Assembly-Free and Real-Time)

In development by WorldFish, UQ and Wilderlab

SAME RESULTS

Molecular serotyping on selected strains (GBS) 

https://github.com/swainechen/GBS-SBG


Thank You

This work was undertaken as part of 

In partnership with
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