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Oxford Nanopore: from sample to answer
Comprehensive solutions for library preparation, sequencing and data analysis

Prepare

• Field kits
• Lab kits
• Manual &  Automated

Sequence

• Field devices
• Lab devices
• Low &  high output platforms 

(low $ / test &  low $ / Gb) 

Analyse

• Accessible
• Scalable
• Versatile

발표자 노트
프레젠테이션 노트
Key points to present

Data analysis falls within at the end of our end-to-end solution offering from library preparation and sequencing to data analysis.

Here we focus on data analysis.

Accessible, Scalable and Versatile (described in the next slide).
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Which sequencing data analysis is covered?
Oxford Nanopore provides a full range of solutions

Bioinformatics 
expertise OS Basecall QC Analyse Report

Full support

MinKNOW ● ● ● Windows, Mac 
&  Linux

EPI2ME
workflows*

local ● ● ● Windows, Mac 
&  Linux

cloud ● ● ● Windows, Mac 
&  Linux

Limited 
support Research tools ● ● ● Linux

Community 
developed tools ● ● ● Linux

More at: https://nanoporetech.com/data-analysis

*  Accessible from both an intuitive interface and the command line

발표자 노트
프레젠테이션 노트
Key points to present

Oxford Nanopore, not only provides sequencing solutions, but also a wide range of tools for data analysis, from basecalling to QC, a variety of analysis and reporting.

Here you can see a list of software and which stages of the analysis they cover, what level of expertise is required and which kind of support we provide.

Important to note that apart from the software controlling the sequencing, we have other software tools providing full-workflows for specific genomic analysis. You can choose a user-friendly interface to run them on the cloud or locally. Command line options are also provided.

Background context
The software that controls the sequencing devices (MinKNOW) controls the sequencing but also to performs basecalling (including methylation) and quality control analysis of the run, in real-time. A limited number of real-time analysis with this software are enabled, for example aligning to reference.

EPI2ME software solutions provide a user-friendly graphical interface and access to cloud or local data analysis, currently offered on separate software, but soon to be merged in a single interface (end 2023 – beginning 2024). EPI2ME cloud application allows to run workflows in real-time. It does only require internet connection and no bioinformatics expertise, with. EPI2ME desktop application (Labs), provides an expanded range of workflows, which run locally on your computer, your server or online server. No need to have bioinformatics expertise thanks to the intuitive interface. Oxford Nanopore offers the same workflows available from EPI”ME desktop interface through the command line, so you decide what suits you best. 

If you have bioinformatics expertise, you can access the latest research tools offered developed by Oxford Nanopore on GitHub, as well as a wide range of tools developed by the community.

https://nanoporetech.com/data-analysis
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Oxford nanopore data analysis options

Location Local, distributed  or in the cloud User defined (laptop, cluster or cloud)

Timing Post-run or real time Post-run

Configurability Pre-configured User defined

Reporting Detailed output, shareable reports User built

Operating systems Windows, Mac, Linux User defined

Expertise needed ● ● ● ● ● ●

GitHubEPI2ME

Download the EPI2ME app for free Get the latest tools from GitHub

발표자 노트
프레젠테이션 노트
Key points to present

If we focus on nanopore data analysis, there are 2 main options: EPI2ME and GitHub tools

   EPI2ME solutions provide local/clod options as well as real-time or post run pre-configured workflows. It returns reports and only needs installing the EPI2ME application (currently 2 separate applications for cloud and local analysis, soon to be merged in a single interface – end 2023 beginning 2024) 
GitHub tools sit in our nanopore repository (we also have a repository for EPI2ME workflows) and provide the latest pipelines, basecallers, modified base detection tools and many other research tools. These require bioinformatics expertise for implementation in user defined workflows.



© 2025 Oxford Nanopore Technologies plc. All rights reserved.
Oxford Nanopore Technologies products are not intended for use for health 
assessment or to diagnose, treat, mitigate, cure, or prevent any disease or condition.

Basecalling
- MinKNOW
- Dorado
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MinKNOW: overview
Our devices software: from basecalling to reporting

Basecalling

 Real-time basecalling

- Choose desired accuracy 

 Methylation calling

Real time QC

 Real-time quality control
of the run

- Stop and resume as 
needed

Analyse your data

 Seamless Analysis in real 
time including

- Enrichment or depletion 
with Adaptive sampling

- Alignment

- Barcode demultiplexing

- And more

Generate automatic report

 QC reports of each run

Basecalling QC Analyse Report

발표자 노트
프레젠테이션 노트
Key points to present

MinKNOW is Oxford Nanopore devices’ software that, apart from managing your device, can also perform analysis at different stages.

From basecalling, including methylation calls, to data analysis, including quality control steps.

In addition, it generates a report at the end of the run.
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Store only the data you need
Data formats

FASTQ
Standard 

format

• Standard format for 
basecalled sequence data 
with per-read quality scores

• Text-based file format, small 
in size

• Default

POD5 (or FAST5)

Oxford 
Nanopore 

format

• Contains raw signal data and 
read metadata, permitting 
re-basecalling 

• Large in size

• Optional

BAM

• Standard sequence 
alignment format

• Compressed text-based 
format, small in size

• Optional / default for 
modified bases

Standard 
format
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BAM* Standard formats 
recommended for storage

POD5 (or FAST5) – optional storage

*  Size may vary depending on information stored
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Example storage requirements

All values are approximate

GPU: V100 GPU

Memory:64 GB RAM

Storage: 4 TB SSD

GridION

P2 Solo

Per flow cell storage examples Full run storage examples
Assuming 30/150 Gbases per flow cell

Flow cell output
POD5

(optional 
storage)

FASTQ.GZ
Unaligned BAM 

with 
modifications

30 Gb 150 GBytes 19.5 GBytes 18 GBytes

150 Gb 1 TByte 97.5 GBytes 90 GBytes

No. flow cells / 
run

POD5

(optional 
storage)

FASTQ.GZ
Unaligned BAM 

with 
modifications

5 MinION flow 
cells 750 GBytes 97.5 GBytes 90 GBytes

2 PromethION
flow cells 2 TBytes 195 GBytes 180 Gbytes
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Canonical basecalling
From raw data to sequence

• Transform the “squiggle” into sequence with AI

• Basecall in real-time with MinKNOW

• Post-run basecalling with MinKNOW or Dorado

• Choose the most suitable model 
- HAC is faster, recommended for most 

applications
- SUP is slower, recommended for de novo

assembly projects or low-frequency variant 
analysis

• Methylation calling can be switched on with a 
click

Find out more at: nanoporetech.com/how-it-works/basecalling

BAM

발표자 노트
프레젠테이션 노트
Key points to present

The raw signal (squiggle) produced by DNA or RNA passing through the pore is processed by artificial intelligence algorithms to decode the sequence of bases into FASTQ files. 

The basecaller integrated within MinKNOW, can carry out basecalling live during the run, after a run has finished, or a combination of the two.

You can choose between 3 different accuracy models given your computational resources and time-to-answer requirements

Background context
For basecalling we recommend to use the most accurate basecall model as possible given you computational set up. If you have CPU only, then HAC will be difficult and SUP impossible for most projects. If you have GPUs, HAC will be possible and SUP if you have a powerful GPU. If time is a limitation, then GPU is probably a requirement.

Fast – standard accuracy, fastest, least computational resources, compatible with real-time basecalling without lag
HAC – High Accuracy, intermediate speed and resources, compatible with real-time basecalling without lag
SUP – Super accuracy, slowest, most computational resources. 
And add methylation data if desired.

Currently raw signal is stored in FAST5 files, which are file that take a lot of disk space. A new format, POD5 will be released late 2022 - beginning 2023 and will gradually replace FAST5. The new format will allow faster file writing and will be more compressed, taking less space on the disk.

19:26


https://nanoporetech.com/how-it-works/basecalling
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Inbuilt modification calling
Most accurate methylation

• Seamless base modification analysis of 
native DNA data in MinKNOW

• In parallel to basecalling, real-time options

• Currently supports multiple DNA and RNA 
modification calling

• Latest models available in Dorado 
standalone

Basecalling options in MinKNOW

Find out more at: https://nanoporetech.com/platform/accuracy

발표자 노트
프레젠테이션 노트
Key points to present

Methylation detection can seamlessly be activated with a click on MinKNOW

It currently support the detection and annotation of 5 methylated Cytosines and 5 hydroxy-methylated Cytosines in CpG contexts in real time sing the HAC basecalling model. It is also available for SUP. In the recent release of MinKNOW (24.02, April 2024) now also supports all genomics context methylation calling for 6mA and 5mC + 5hmC

The standalone Dorado basecaller currently also support m6A for RNA, this will be available in MinKNOW later this year.



https://nanoporetech.com/platform/accuracy
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Canonical basecalling models and versions available
In MinKNOW and Dorado

Model 
Version Key Features Dorado MinKNOW

DNA

v4.3

Live basecalling with HAC 

Improved bacterial/low-
complexity regions

Mods: 5mC/5hmC, 5mC, 6mA

✔ ✔

v5.0*

Raw read accuracy ~Q26 SUP 
bacterial improvements

Mods: 4mC/5mC

Raw read accuracy ~Q21 HAC

✔ ✔

v5.2* Raw read accuracy ~Q22 HAC ✔ in following 
version

RNA

v3.0.1
Raw read accuracy ~Q13 SUP

Mods: m6A DRACH
✔ ✔

v5.0.0* Raw read accuracy ~Q19 SUP 
Mods: m6A, pseU ✔ ✔

v5.1* Mods: inosine, m5C ✔ ✔

v5.2* Mods: 2’Ome (A,C, U, G) ✔ in following 
version

* Currently only available in SUP 

Modified Bases
Model Context Dorado MinKNOW

DNA

5mC/5hmC
(mammal/plant)

CpG ✔ ✔

All ✔ ✔ ,

4mC/5mC (bacterial) All ✔ ✔ ,

6mA All ✔ ✔,

RNA

m6A
DRACH ✔ ✔,

All ✔ ✔,

PseU All ✔ ✔,

m5C All ✔ ✔,

Inosine All ✔ ✔,

2’Ome-A All ✔, in following 
version

2’Ome-C All ✔, in following 
version

2’Ome-U All ✔, in following 
version

2’Ome-G All ✔, in following 
version

Basecalling Models

*  SUP transformer architecture

발표자 노트
프레젠테이션 노트
Key messages

We keep improving our canonical basecalling thanks to the more and more advanced AI tools used to develop it. 
The accuracy and number of modified bases is also increasing at every update.
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Accuracies for v5.0 modified base models
In MinKNOW 25.05.14

Benchmarking Modified Base Detection with Modkit in Oct. 2024

발표자 노트
프레젠테이션 노트
Key messages

We keep improving our canonical basecalling thanks to the more and more advanced AI tools used to develop it. 
The accuracy and number of modified bases is also increasing at every update.
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B lackwell Architecture GPU Support
In MinKNOW 25.05.14

•30 Gb output over 72 hours from a MinION flow cell running 30 kb human reads
•100 Gb output over 72 hours from a PromethION flow cell running 30 kb human reads
•7 Gb output over 72 hours from a MinION flow cell running RNA
•35 Gb output over 72 hours from a PromethION flow cell running RNA

발표자 노트
프레젠테이션 노트
Key messages

We keep improving our canonical basecalling thanks to the more and more advanced AI tools used to develop it. 
The accuracy and number of modified bases is also increasing at every update.
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Sequence data types
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File formats: FASTA
The reference file

Notes

 Header always begins with >

 Unique Identifier followed by optional information 
separated by a space

 Followed by lines of sequence

 Required input for many applications

Often used for read alignments:

 Reference bias

 Population representation

 Species diversity

 Strain/breed/sub-species relatedness

 Not representative of any one member

Reference sequences provide coordinate systems to anchor our 
prediction against

This facilitates the comparison of predictions derived from 
different samples and studies 

Unique identifier

Optional metadata
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De facto format for most sequence data types

Standard text file (huge in size)

Blocks of 4 lines correspond to data for 1 read

- Header, sequence, header (denoted by “+”), per-base quality

File formats: FASTQ

@Label Read ID Run ID Sample ID

SequenceG    Base G
+     Q=“+”= 10

Q scores represented as ASCII characters



© 2025 Oxford Nanopore Technologies plc. All rights reserved.
Oxford Nanopore Technologies products are not intended for use for health 
assessment or to diagnose, treat, mitigate, cure, or prevent any disease or condition.

File Formats: SAM &  BAM
SAM files
• Sequence alignment map (SAM) first published by Li et al., 

2009

• File specification: https://www.htslib.org/doc/sam.html

• SAM contains one line for each read and has 12+ columns 
containing:

– Coordinates, mapping quality, and metrics describing 
each read alignment

• Reads can also be stored unaligned to a reference genome

BAM files
• BAM file is the binary (computer readable) version of a SAM

• Same information

• Much smaller storage space required

• Can index BAMs for rapid, random access

• If you have SAM, you should convert to BAM

Read ID Query sequenceAlignment info
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Methylation detection in MinKNOW

No reference file 
specified
• Unaligned BAM file 

with MM and ML 
tags

Reference file specified
• Aligned BAM file 

with MM and ML 
tags and reads 
mapped to 
reference genome

BAM can be used to store aligned or unaligned reads (referred to as a uBAM)

 BAM or uBAM required by some EPI2ME Labs workflows (e.g. wf-human-variation)

 Methylation information described in the MM and ML tag of the BAM file

Ensure BAM output is enabled to store methylation information

FAST5 is a raw data 
format
• Signal data

FASTQ is a common 
format for storing 
sequencing data
• Your actual reads 

and associated per-
base quality 
information
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• For a sequencing read, to determine the location of origin within the reference sequence
• Reference can be complete genome, transcriptome or de novo assembly
• Input is typically FASTQ and reference genome in FASTA format
• Output is sequence alignment map (SAM) format file or binary equivalent (BAM) 

Generating an alignment
Required first step for most analyses

Genomics

SNPs/indels

Structural variation

Repeat content

… and more

Transcriptomics

Expression

Isoforms

Variation

… and more
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Where to find reference sequences?
Public databases

Ensembl

 Database of sequences and corresponding annotations

 ensemblgenomes.org

UCSC

 Database of sequences and corresponding annotations

 Genome Browser

 ucscbrowser.genenetwork.org

RefSeq

 Database of sequences

 ncbi.nlm.nih.gov/refseq/

http://ensemblgenomes.org/
http://ucscbrowser.genenetwork.org/
https://www.ncbi.nlm.nih.gov/refseq/
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EPI2ME
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Fully supported intuitive solutions
Analyse your data with EPI2ME

• Intuitive interface

• Pre-configured workflows

• Intuitive, interactive reports

• Standard output files

• Run locally or in the cloud

• Command-line access

• Easy integration

발표자 노트
프레젠테이션 노트
Key points to present

EPI2ME is Oxford Nanopore fully supported desktop application for nanopore data analysis. EPI2ME. It is a beautiful desktop application with an intuitive interface. It provides a range of pre-configured workflows, including a very comprehensive one focusing on the human genome variation
It provides intuitive and interactive reports and standard output files, including variants and methylation analysis
Can run locally or in the cloud (selected workflows) and for some workflows is compatible with real time analysis (metagenomics and 16S). The same workflows accessible through the graphical interface can also run from the command line, fostering collaboration between scientists and bioinformaticians. It can be also easily integrated with your workflows and tertiary analysis software.
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EPI2ME: how does it work?
Intuitive data analysis

*  Data is not stored in the cloud and need to be synced to local systems. Data in the cloud is automatically removed after 2 weeks from the end of the analysis.

DNA / RNA is
sequenced and data is 
written to files locally 

Analyse with EPI2ME 
desktop application or 
run EPI2ME workflows 
from the command-line

Choose between 
running the analysis 
locally or in the cloud

Report and output
files are generatedAnalysis runs locally

Data is uploaded 
and analysis run 
in the cloud

Report and output
files are generated –
results are downloaded 
to local system*

Local Cloud

발표자 노트
프레젠테이션 노트
Key points to present

EPI2ME works as following: the DNA or RNA is sequenced

Data is written to files and is available for analysis (real-time options available for metagenomics and 16S, currently not compatible with cloud). The EPI2ME desktop application can run locally or in the cloud (cloud functionality relased in September 2024). If running into the lcloud, data is uploaded and results downloaded at the end of the analysis. Note! Data is not stored in the cloud, when a user wants to see results from a cloud analysis there is a prompt to sync locally. Data is automatically removed after 2 weeks from the end of the analysis.

Among the outputs, intutive reports are generated (locally or cloud) and can be easily shared with colleagues and collaborators.
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EPI2ME desktop application

Location Local, distributed or in the cloud NEW

Access Intuitive graphical interface or command line

Configurability Pre-configured and configurable

Reporting Detailed outputs and reports

Focus Seamless analysis

Operating systems Windows, Mac, Linux

Bioinformatics expertise

Integrated local and cloud EPI2ME experience
Local and cloud analysis in a single software

Integrated cloud 
functionality

for selected workflows

[non-human data]

Local Cloud

발표자 노트
프레젠테이션 노트
Key points to present

We have retired the legacy EPI2ME cloud software as cloud functionality is now integrated into the EPI2ME desktop application, which can run locally or in the cloud for selected workflows (non-human)
It is seamless to perform analysis locally or in the cloud, via the intuitive graphical interface of EPI2ME
Note that the legacy EPI2ME cloud software is now permanently discontinued and data cannot be retrieved, legacy EPI2ME cloud Customers have been warned and notified multiple times as well as encouraged to move to the EPI2ME desktop application throughout 2024
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EPI2ME desktop application: how does it work?
An open analysis platform

Free to download standalone desktop application

Pre-packaged with >15 workflows

Minimal setup required

Compatibility
• Windows, macOS, Linux
• Desktop computers, laptops, on-device, cluster or cloud*

발표자 노트
프레젠테이션 노트
Key points to present

EPI2ME is a standalone desktop application where you can select the desired workflow, point to the folder with basecalled data, configure relevant parameters, and start the run.

It is pre-packaged with > 15 open-source workflows, using the bioinformatics framework called Nextflow 

No bioinformatics skills needed, and minimal software installation required (EPI2ME application, Docker) – you only need to install the EPI2ME desktop application, Docker and Java if required.


Background context

Note on GridION for data analysis: it is suitable for basecalling and light-weight workflows such as metagenomics, infectious diseases, bacterial genomes, plasmids, etc. But not appropriate for more computationally intense workflows such as whole human genome analysis or single cell transcriptomics.
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Workflows available in EPI2ME

What’s in 
my pot?

wf-metagenomics ●●

wf-16S ●

Targeted
sequencing

wf-amplicon ●

Infectious
disease

wf-bacterial-genomes ●●

wf-flu ●

Transcriptome
sequencing

wf-transcriptomes ●●

wf-single-cell ●●●

Genome 
structure

wf-pore-c ●●●

wf-teloseq ●●

Quality
control

wf-clone-validation ●

wf-aav-qc ●

Basic
tasks

wf-alignment ●●

wf-basecalling

Human 
genetics

wf-human-variation ●●●

wf-somatic-variation ●●●

wf-trio ●●●
NEW!

NEW!

= cloud analysis available

= large GPU required

CPU requirements
● standard laptop 8 GB RAM -- Grid / P2i / P24 (/ Laptop) 
●● large memory computer 32 GB RAM –- Grid / P2i / P24 (/ Laptop)
●●● 16 CPUs + 64GB RAM required --- Prom24 Interested in running wf-human -variation 

in the cloud? Register your interest here

발표자 노트
프레젠테이션 노트

Key points to present

We have a wide variety of fully supported and maintained workflows accessible via EPI2ME
Different workflows require different computational requirements: basecalling is a GPU-intense task, while data analysis is mostly CPU-based and can be more or less intense depending on the size of the genome and the workflow type
Our devices with computational power included, such as GridION and PromethION A-series towers are well equipped in terms of GPU, as they focus on basecalling. It is also possible to perform data analysis using these devices, given that they also provide modest CPUs.

Interest in running human variation in the cloud? 
Register your interest here https://register.nanoporetech.com/wf-human-variation-in-epi2me-cloud
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Nextflow workflows available on GitHub

EPI2ME workflows from command line
For deployment on own clusters or custom pipelines

More at:
github.com/orgs/epi2me-labs/repositories

EPI2ME code is deposited in GitHub under MPL-2.0 license

Nextflow workflows can be executed from the command line

Support containers Singularity and Docker for reproducibility

발표자 노트
프레젠테이션 노트
Key points to present

You can find the code for the workflows on GitHub
If you prefer to run via cmd line you can also find the cmd there to get you started,
All of our workflows use the Nextflow workflow manager which we use to help manage computational resources and ensure all developers are on the same page, and we support containers docker and singularity to ensure reproducibility of results. 

https://github.com/orgs/epi2me-labs/repositories
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EPI2ME integrations
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Workflows now easier to install
Enabled by the 2ME format

Supports offline 
compute 

infrastructure

2ME format 
includes all 

workflow pre-
requisites

Workflow bundle

Code Containers

Reference data Instances

Data

One-click 
installation

발표자 노트
프레젠테이션 노트
Key points to present

It is now possible to install workflows as a single package and offline (once the 2ME file has been downloaded via the app). Before internet connection was needed to install all the workflow plus all dependencies.
This is enabled by the 2ME file format, which contains all needed for a workflow to run, not only the code but also databases, containers and reference data required.
This improves the customer experience as previously all the different components were downloaded from the internet (e.g. from GitHub) and some users were experiencing errors due to connection limitations and time outs.

To note: this format will enable future developments including sharing functionality, e.g. datasets
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Integrate your workflows with EPI2ME desktop application
Install with the GitHub repository

• EPI2ME desktop application enables

- Running locally community-developed 
bioinformatics workflows

- Implemented in Nextflow as per
nf-core standards

• Import straight from GitHub

• Share your workflows with the broader 
Oxford Nanopore community

Import your workflows into EPI2ME

발표자 노트
프레젠테이션 노트
Key points to present

EPI2ME desktop application enables
Running locally community-developed bioinformatics workflows
Implemented in Nextflow as per nf-core standards
Import straight from GitHub custom workflows
Share your workflows with the broader Oxford Nanopore community
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Integrate your workflows with EPI2ME desktop application
Install with the GitHub repository

발표자 노트
프레젠테이션 노트
Key points to present

EPI2ME desktop application enables
Running locally community-developed bioinformatics workflows
Implemented in Nextflow as per nf-core standards
Import straight from GitHub custom workflows
Share your workflows with the broader Oxford Nanopore community
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Enabling nanopore data interpretation
Through tertiary analysis compatible partners

Compatible
partners

Tertiary analysis and 
interpretation

EPI2ME
Human variation workflow

Secondary analysis

발표자 노트
프레젠테이션 노트
Key points to present

We are currently working with a range of partners for data interpretation. For example, at the end of the human variation workflow the VCF files can be transferred onto the tertiary analysis partner for interpretation

Integrations currently focusing on rare and undiagnosed disease: GeneYX, Fabric genomics, VarSome and SeqOne, but we are also working on other partnerships.

Please review the full compatible products here: https://nanoporetech.com/about/partners/nanopore-compatible-products-programme






© 2025 Oxford Nanopore Technologies plc. All rights reserved.
Oxford Nanopore Technologies products are not intended for use for health 
assessment or to diagnose, treat, mitigate, cure, or prevent any disease or condition.

Datasets
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An increasing library of datasets

Oxford Nanopore open dataset project
• Test EPI2ME 
• Tool development
• Reproducible benchmarks
• Explore characteristics of nanopore data

Over 20 datasets available e.g.
• Genome in a Bottle
• Plasmid Validation
• Metagenomics
• And much more

https://epi2me.nanoporetech.com/dataindex/

발표자 노트
프레젠테이션 노트
Key points to present

The EPI2ME website https://epi2me.nanoporetech.com is a great resource including regular releases of datasets, especially in connection with new end-to-end workflows 
These are part of the ONT open data set project.
They can be used for reproducible benchmarks, developing new methods, testing out the workflows and just general exploring characteristics of nanopore data. Some of the latest examples include a plasmid dataset, an updated GIAB set and much more.
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EPI2ME workflows
- Examples of streamlined analysis workflows
- Basecalling and mapping to a reference
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Human genetics
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Investigate human variation with a single workflow
Investigation of structural variants, single nucleotide variants, and methylation using EPI2ME

This workflow is accessible from both the intuitive graphical interface and the command line

wf-human-variation
Detect 

SNVs, SVs, STR, CNVs, 
methylation, phasing

Intuitive reports

Visualise results
Sample sequencing and 
basecalling in MinKNOW

wf-human-variation
5mC

Interested in running wf-human -variation 
in the cloud? Register your interest here

발표자 노트
프레젠테이션 노트
Key points to present
EPI2ME desktop application offers a comprehensive analysis of the human genome on a single workflow, investigating human genomic variation, including SNVs SVs and methylation. As well as copy number variants (CNVs) and short tandem repeat (STR) expansions
You just need to switch on methylation in MinKNOW to record both canonical and 5mC and 5hmC bases in CpG contetxs in a bam file. The alignment to the human genome can occur in real-time on MinKNOW or can be performed by the EPI2ME 
EPI2ME provides annotation files and reports for small variants, structural variants, CNVs, and STR expansions. As well as SNVs phasing blocks. The visualisation of the mapped reads and different tracks is available within EPI2ME or you can open the output files in your preferred genome browser (e.g. IGV)

Background
Note that all EPI2ME workflows can run either through the GUI (graphical user interface) or CLI (command line interface). 
All workflows including documenation and sample report can be accessed here: https://labs.epi2me.io/wfindex/



© 2025 Oxford Nanopore Technologies plc. All rights reserved.
Oxford Nanopore Technologies products are not intended for use for health 
assessment or to diagnose, treat, mitigate, cure, or prevent any disease or condition.

wf-human-variation

Input data
bam file

Alignment to 
reference
Minimap2

mod base 
pileup
Modkit

CNV calling
Spectre

Clinical STR 
calling
Straglr

SNV calling
Clair3

SNV phasing
Whatshap

Read haplo-
tagging

Whatshap

SNV 
annotation

SnpEff

SV 
annotation

SnpEff

CNV 
annotation

SnpEff

Reference 
genome
fasta file

SV calling
Sniffles2

Mod calling
modkit

HTML
report VCF

(bedmethyl)

Outputs
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What’s in my pot?
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Get insights into your metagenomic samples: shotgun or amplicons
Intuitive visualisation of taxonomy, diversity, abundances, and more

This workflow is accessible from both the intuitive graphical interface and the command line

wf-metagenomics

Quick classification with 
Kraken 2. Fine classification 
with minimap2

Real-time options

Intuitive report, classified 
and unclassified reads, 
and text files with 
lineage details

Sequence and basecall 
amplicon-targeted and 
shotgun metagenomics 
samples in MinKNOW

wf-metagenomics

Amplicons      or     Native DNA

발표자 노트
프레젠테이션 노트
Key points to present
wf-metagenomics is a Nextflow workflow for identification of the origin of single reads from both amplicon-targeted and shotgun metagenomics sequencing. 
It provides intuitive reports with powerful and interactive graphics
Can run both real time (with a quick approach) or post-run (with a finer, more computational intense approach)

Background
Note that all EPI2ME workflows can run either through the GUI (graphical user interface) or CLI (command line interface). 
All workflows including documenation and sample report can be accessed here: https://labs.epi2me.io/wfindex/

The workflow has two modes of operation, it can use either kraken2 or minimap2 to determine the origin of reads.
The kraken2 mode is the default and faster method. It can be used in real-time, allowing the workflow to run continuously alongside an ongoing sequencing run as read data is being produced by the Oxford Nanopore Technologies’ sequencing instrument. The user can visualise the classification of reads and species abundances in a real-time updating report.
Minimap2 provides the finest resolution analysis but, depending on the reference database used, at the expense of significantly more compute time. Currently the minimap2 mode does not support real-time.
The wf-metagenomics workflow by default uses the NCBI 16S + 18S rRNA database that will be downloaded at the start of an analysis, there are expanded metagenomic database options available with the —source parameter but the workflow is not tied to this database and can also be used with custom databases as required.
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Identification based on 16S, 18S, and ITS amplicons
Intuitive visualisation of taxonomy, diversity, abundances, and more

This workflow is accessible from both the intuitive graphical interface and the command line

wf-16S

Quick classification with 
Kraken 2. Fine classification 
with minimap2

Real-time options

Intuitive report, classified 
and unclassified reads, 
and text files with 
lineage details

Sequence and basecall 
amplicon-targeted 
16S/18S/ITS in MinKNOW

wf-16S

16S / 18S / ITS Amplicons

발표자 노트
프레젠테이션 노트
Key points to present
wf-16sis a Nextflow workflow for identification of the origin of single reads from amplicon-targeted sequencing of 16S /18S / ITS. It is entirely based on wf-metagenomics, but with adjusted configuration for databases, parameters and example data.
It provides intuitive reports with powerful and interactive graphics
Can run both real time (with a quick approach) or post-run (with a finer, more computational intense approach)

Background
Note that all EPI2ME workflows can run either through the GUI (graphical user interface) or CLI (command line interface). 
All workflows including documenation and sample report can be accessed here: https://labs.epi2me.io/wfindex/

The workflow has two modes of operation, it can use either kraken2 or minimap2 to determine the origin of reads.
The kraken2 mode is the default and faster method. It can be used in real-time, allowing the workflow to run continuously alongside an ongoing sequencing run as read data is being produced by the Oxford Nanopore Technologies’ sequencing instrument. The user can visualise the classification of reads and species abundances in a real-time updating report.
Minimap2 provides the finest resolution analysis but, depending on the reference database used, at the expense of significantly more compute time. Currently the minimap2 mode does not support real-time.
The wf-metagenomics workflow by default uses the NCBI 16S + 18S rRNA database that will be downloaded at the start of an analysis, there are expanded metagenomic database options available with the —source parameter but the workflow is not tied to this database and can also be used with custom databases as required.
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Transcriptome sequencing
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Transcriptomics workflow for cDNA or native RNA
Identify isoforms, measure gene expression, and detect fusion genes

* For differential expression analysis provide reference annotation in GFF2/3 format, and for fusion detection, provide the JAFFAL reference files.
This workflow is accessible from both the intuitive graphical interface and the command line.

wf-transcriptomics

Input FASTQ file(s) and 
reference genome (if available). 
Additional reference files 
needed for gene fusion and 
gene expression*

Assembled transcriptome 
(annotated). Optional: fusion 
transcript sequences and 
differential transcript plots

Full-length native RNA 
reads or cDNA transcripts 
sequenced and 
basecalled in MinKNOW

wf-transcriptomes

Native RNA or 
cDNA reads

Gene

Isoforms

발표자 노트
프레젠테이션 노트
Key points to present
EPI2ME offers a specific workflow to investigate transcriptomics data using cDNA libraries or native RNA.
After sequencing and basecalling your libraries, you can run the wf-transcriptomes workflow on EPI2ME through the graphical interface, by simply selecting the workflow and providing the FASTQ file(s) and the reference genome, if available.  If this is not available de novo-based transcript assembly is performed. 
Optionally, for differential expression analysis the reference annotation in GFF2/3 format are needed and for fusion detection, the JAFFAL reference files (the tool used for detecting fusion genes).


Background
Note that all EPI2ME workflows can run either through the GUI (graphical user interface) or CLI (command line interface). 
All workflows including documenation and sample report can be accessed here: https://labs.epi2me.io/wfindex/
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Targeted sequencing
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Get high-quality amplicon consensus &  detect variants
Barcode and pool samples &  targets

This workflow is accessible from both the intuitive graphical interface and the command line

wf-amplicon
De novo assembly of 
consensus or variant 
calling against reference

Intuitive report

Includes pre-processing, 
QC, depth of coverage, etc.

Sequence and basecall 
in MinKNOW

wf-amplicon

Read       Barcode  

발표자 노트
프레젠테이션 노트
Key points to present
This workflows aims at analysing any kind of amplicons, from barcoded libraries
It can run in two modes: de novo assembly based on barcode or variant calling against a reference
It generates an intuitive report, a BAM file containing reads overlapping with targets and when running on variant calling mode also a VCF file with variants, among outer outputs.

Background
Note that all EPI2ME workflows can run either through the GUI (graphical user interface) or CLI (command line interface). 
All workflows including documenation and sample report can be accessed here: https://labs.epi2me.io/wfindex/

Documentation here: https://labs.epi2me.io/workflows/wf-amplicon/
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Infectious disease research
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Bacterial genomes alignment or assembly
Including bacterial annotation &  antimicrobial resistance genes

This workflow is accessible from both the intuitive graphical interface and the command line

wf-bacterial-genomes

Alignment to reference 
or assembly. Consensus 
annotation and 
resistance genes

Intuitive report, FASTA 
consensus and annotation

Sample sequencing and 
basecalling in MinKNOW

wf-bacterial-genomes

발표자 노트
프레젠테이션 노트
Key points to present
This workflow performs assembly or alignment of bacterial genomes and annotation
If no reference is included assembly will be completed using flye and polished with medaka. If a reference is provided alignment will be done with mini_align and variant called using medaka.
The workflow has a few optional extras. It can run prokka to annotate the resulting consensus sequence or ResFinder to check it against a database of antimicrobial resistance genes.

Background
Note that all EPI2ME workflows can run either through the GUI (graphical user interface) or CLI (command line interface). 
All workflows including documenation and sample report can be accessed here: https://labs.epi2me.io/wfindex/
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Emerging tools for advanced users
- Open access software
- Bioinformatics expertise needed
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The latest emerging tools from Oxford Nanopore
Open access software on GitHub

The latest tools and algorithms developed by Oxford Nanopore 
are available on the Oxford Nanopore GitHub repository

 From basecallers to modified base analysis 

 Ready for your custom pipelines

 Command-line experience required

 Limited support due to rapid evolution

Key tools available 

 Dorado: latest basecaller and other tools available 
standalone

 Modkit: toolbox for working with modified bases

Oxford Nanopore GitHub repository

More at: github.com/nanoporetech

발표자 노트
프레젠테이션 노트
Key points to present

Oxford Nanopore’s GitHub repository provides access to the latest analysis offerings. 

Some examples:
Modkit is toolbox for working with modified bases including 5mC and 5hmC
Dorado is an open source basecaller using the latest basecalling models. It is now integrated in MinKNOW (from August 2023)
Medaka is a high-performance tool to create consensus sequences and variant calls from nanopore sequencing data based on neural networks.


Background
Many of the tools on our GitHub are research release tools (specified on their GitHub page). This distinguishes them from our production release software (e.g., Guppy or more recently Dorado on MinKNOW). Research releases are rapidly evolving, technology or algorithmic demonstrators and have limited support. In some cases, they will not be optimised for use on our devices (e.g. they may be more provide some benefit like increased accuracy in a specific context but may have a caveat like being slow). Our production software implemented in MinKNOW is supported and optimised for use on our devices.
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Latest features available on GitHub

What is Dorado? 
Dorado powers Oxford Nanopore basecalling and more

Integrated in MinKNOW and EPI2ME

발표자 노트
프레젠테이션 노트
Key points to present

Dorado is available as a standalone command line tool on Linux, Windows and MacOS and it’s open-source on GitHub. 
Dorado is the integrated basecaller in MinKNOW and it’s also available via the `wf-basecalling` workflow in EPI2ME
Dorado’s latest features and functionality are gradually integrated in our production software: MinKNOW and EPI2ME

QR: https://github.com/nanoporetech/dorado
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Dorado: the engine for Oxford Nanopore data analysis
From basecalling through to assembly polishing and small variant calling

Basecalling

5mC
CpG-context

5mC 
all-context

5hmC 
all-context

6mA
all-context

4mC 
all-context

5hmC
CpG-context

m6A
DRACH-context

m6A
all-context

pseU
all-context

m5C
all-context

inosine
all-context

2’Ome-A
all-context

2’Ome-C
all-context

2’Ome-G
all-context

2’Ome-U
all-context

Alignment Barcode 
demux

Read
correction

Assembly 
polishing

Variant 
calling

Poly(A)
tails

LC 2022 LC 2023 LC 2024 LC 2025

RNA modifications

DNA modifications

Tools

Available in Dorado 
standalone (GitHub)

Available on device in 
MinKNOW

발표자 노트
프레젠테이션 노트
Key message: 

Since introducing dorado, we’ve continuously added major new features. It now includes:
• An extensive set of modified basecalling models for DNA and RNA .
• Barcode demultiplexing ; Alignment; poly(A) tail estimation 
• Adapter and primer trimming ; Read correction ; Assembly polishing 
 
And in the latest release, includes variant calling and more RNA mods

Tools and DNA/RNA models are gradually integrated into our production devices software MinKNOW
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Methylation analysis with Modkit
Available in GitHub  – implemented in EPI2ME workflows

 Modkit is a suite of tools for manipulating modified-base data 

 Integrated in EPI2ME wf-human-variation

 Best-practices filtering implemented

 Suitable for the analysis of 5mC and 5hmC

 Compatible with chromatin stenciling (6mA): find and qualify promoter 
regions 

 Compatible with hemi-methylation

 Input: BAM files (with MM and ML tags)

 Output: summary counts of modified and unmodified bases (bedMethyl)

More at: github.com/nanoporetech/modkit​

Download poster at: https://shorturl.at/oDIIY

발표자 노트
프레젠테이션 노트
Key points to present
Modkit is a suite of tools for manipulating modified-base data available as standalone tool in GitHub as well as implemented in our EPI2ME human variation workflow.
Takes as input BAM files (with MM and ML tags – which can be generated with MinKNOW) and outputs a summary counts of modified and unmodified bases (bedMethyl) 
Suitable for the analysis of 5mC and 5hmC compatible with hemi-methylation from duplex reads. Note that it can be restricted to specific regions (CpGs) as well as aggregate information across strands

Background info
bedMethyl files tabulate the counts of base modifications from every sequencing read over each reference genomic position.

More at https://github.com/nanoporetech/modkit​



https://shorturl.at/oDIIY
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Our user community continually releases analysis tools
User-developed tools and algorithms tailored to Oxford Nanopore data

More at: nanoporetech.com/resource-centre

Common tools
• E.g., demultiplexing, filtering, mapping, assembling, 

variant calling, etc.

Application-specific tools
• E.g., bacterial genome assembly,  SARS-CoV-2 monitoring, 

hepatitis C genome sequencing, mitochondrial DNA 
haplogroup classification, novel pathogen detection, 
transposon insertion identification, etc.

Extended functionality
• E.g., visualization tools for methylated data, RNA 

methylation prediction, barcode aware adaptive sampling

The bioinformatics section of the nanoporetech.com resource center

발표자 노트
프레젠테이션 노트
Key points to present

Our community of users continuously releases analysis tools tailored to Oxford Nanopore data analysis. They span from generic tools to application-specific. They could also provide extended functionality to current software, such as specific visualisation tools.

This is particularly relevant for when we don’t have a solution for something in our own platforms.

More information can be found at our Resource centre.

Background context
Community developed tools are featured in our resource centre where links to the tool or publication are provided. They mostly refer to open source software for Oxford Nanopore data analysis stored in GitHub.
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Basecalling with Dorado
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Dorado – a new basecaller
Dorado is the successor to our previous basecaller known as Guppy

 Improvements to speed &  usability (equivalent accuracy)

The basecaller uses machine learning models (e.g dna_r10.4.1_e8.2_400bps_sup@v4.3.0) to translate raw signal data (squiggles) into 
nucleotide sequence data
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Dorado – a new basecaller

 Dorado is a stand -alone, command line application ( www.github.com/nanoporetech/dorado )

―Stand -alone version is usually a version ahead (and often access to newer models/feature -sets)

 Dorado is also integrated into MinKNOW for live -basecalling and in both MinKNOW and EPI2ME (Linux -only) for post -run 
basecalling.

operates as a stand-alone tool, and a MinKNOW-integrated basecaller

http://www.github.com/nanoporetech/dorado
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Decoding basecaller model names
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Decoding basecaller model names

 Dorado models names are systematically structured. Example: dna_r10.4.1_e8.2_400bps_sup@v4.3.0

• Analyte Type (dna): denotes the type of analyte being sequenced. For DNA sequencing, it is represented as dna. If you are using the Direct RNA 
Sequencing Kit, this will be rna.

• Pore Type (r10.4.1): This section corresponds to the type of flow cell used. For instance, FLO-MIN114/FLO-FLG114 is indicated by r10.4.1, while FLO-
MIN106D/FLO-FLG001 is signified by r9.4.1.

• Chemistry Type (e.8.2): This represents the chemistry type, which corresponds to the kit used for sequencing. For example, Kit 14 chemistry is 
denoted by e.8.2.

• Translocation Speed (400bps): speed of translocation. 

• Model Type (sup): This represents the size of the model, where larger models yield more accurate basecalls but take more time. The three types of 
models are fast, hac, and sup. The fast model is the quickest, sup is the most accurate, and hac provides a balance between speed and accuracy. For 
most users, the hac model is recommended.

• Model Version Number (v4.3.0): This denotes the version of the model. Model updates are regularly released, and higher version numbers typically 
signify greater accuracy.
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How to use stand-alone Dorado -> simplex basecalling

 First, download Dorado from www.github.com/nanoporetech/dorado

 Basecalling simplex data from a run ( e.g LSK114) using high -accuracy basecalling (hac)

―dorado basecaller hac /path/to/pod5/data > calls.bam

http://www.github.com/nanoporetech/dorado
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How to use stand-alone Dorado -> methylation detection

 What if you would like to pull out base modification data during basecalling?

 Basecalling simplex data using high -accuracy basecalling (hac) with 5mC and 5hmC detection (in CpG contexts)

―dorado basecaller hac,5mCG_5hmCG /path/to/pod5/data > calls.bam



© 2025 Oxford Nanopore Technologies plc. All rights reserved.
Oxford Nanopore Technologies products are not intended for use for health 
assessment or to diagnose, treat, mitigate, cure, or prevent any disease or condition.

B ioinformatics workflows

Bioinformatics features many file formats

 Raw data (POD5, FASTQ, BAM)

 Alignment (SAM/BAM/)

 Reference genomes (FASTA)

 Annotation files (GTF/GFF/BED)

 Result files (VCF/TSV/BCF/)

Automated bioinformatics

 Pipelines are multi-step analysis workflows 

 May involve many software

 Analyses can be automated and run using single command

 Automatically use output from one command as input to another

 Generate reports and results in reproducible way

Raw reads

Filtered reads

BAM file

Result file

Answer

QC assessment

Alignment

Detection

Filtering
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