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Oxford Nanopore: from sample to answer

Comprehensive solutions for library preparation, sequencing and data analysis

Field kits
Lab kits
Manual & Automated

© 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.

Field devices
Lab devices

Low & high output platforms
(low S / 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
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Bioinformatics

expertise 0s Basecall QC Analyse Report
i Windows, Mac
MinKNOW Y 2 Linon v v v v
Full support local PS \élv[\igost, Mac \/ v v v
EPI2ME u
workflows* .
Windows, Mac
cloud ¢ & Linux v v v
Limited .
support Research tools o060 Linux v v
Community

o0 o0 Linux v v/ v

developed tools

* Accessible from both an intuitive interface and the command line

'@ﬁ

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

© 2025 Oxford Nanopore Technologies plc. All rights reserved.
Oxford Nanopore Technologies products are not intended for use for health
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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

System CPU System MEM

27% wsooscns 73% e

EPI2ME GitHub
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 o o000

© 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.

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.
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Basecalling

- MinKNOW
- Dorado

© 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.
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MinKNOW: overview

Our devices software: from basecalling to reporting

T

Basecalling

Basecalling

* Real-time basecalling
- Choose desired accuracy
* Methylation calling

© 2025 Oxford Nanopore Technologies plc. All rights reserved.

QC

Real time QC
e Real-time quality control
of the run

- Stop and resume as
needed

Oxford Nanopore Technologies products are not intended for use for health
assessment or to diagnose, treat, mitigate, cure, or prevent any disease or condition.

£

Analyse

Analyse your data
* Seamless Analysis in real
time including

- Enrichment or depletion
with Adaptive sampling

- Alignment
- Barcode demultiplexing
- And more

Report

Generate automatic report

* QCreports of each run


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

Oxford
Nanopore

format PODS5 (or FASTS5) format

Standard

* Contains raw signal data and + Standard format for * Standard sequence
read metadata, permitting basecalled sequence data alignment format
re-basecalling with per-read quality scores

* Compressed text-based

* Largein size * Text-based file format, small format, small in size

in size
* Optional * Optional / default for
* Default modified bases

2 2 PODS5 (or FAST5) —optional storage
2 2% : o Standard formats
$°¢ recommended for storage

* Size may vary depending on information stored
© 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.
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Example storage requirements

GridlION

o
TS
GPU: V100 GPU

Memory:64 GB RAM
Storage: 4 TB SSD

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

POD5 Unaligned BAM
(optiona] FASTQ.GZ with
storage) modifications

POD5 Unaligned BAM
storage) modifications

No. flow cells /

run

150 GBytes 19.5 GBytes 18 GBytes > Mlnclg)”l;I el 750 GBytes 97.5 GBytes 90 GBytes
2 PromethION
150 Gb 1 TByte 97.5 GBytes 90 GBytes flow cells 2 TBytes 195 GBytes 180 Gbytes

© 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. All values are approximate
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Canonical basecalling

From raw data to sequence

Transform the “squiggle” into sequence with Al

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

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

© 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.

Experiment run time

3CGCTCGCTGATAGTCGTAGATGAATGCGCTCGCTGATAGTCGTAGA
MinKNOW basecalling

during experiment



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

Basecalling

Basecalling model

* Seamless base modification analysis of
native DNA data in MinKNOW

* In parallel to basecalling, real-time options Modified bases

i Wl 6mA in all
* Currently supports multiple DNA and RNA . omA N af contexts
modification callin
g C modifications
* Latest models available in Dorado © BT T D
standalone
O 5hmC and 5mC in CG contexts
O 5hmC and 5mC in all contexts
DA Basecalling options in MinKNOW

i
- 3 -y b=
E:&h‘- Find out more at: https://nanoporetech.com/platform/accuracy

© 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.



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

Basecalling Models Modified Bases

Model Context Dorado MinKNOW
\,\/Aeorgieoln Key Features Dorado MinKNOW
: — 5mC/5hmC CpG v v
Live basecalling with HAC (mammal/plant) All v v
Improved bacterial/low- DNA
v4.3 complexity regions v v 4mC/5mC (bacterial) All v v
SR Mods: 5mC/5hmC, 5mC, 6mA 6mA All v v
Raw read accuracy ~Q26 SUP )
bacterial improvements m6A DRACH 4 4
B Mods: 4mC/5mC v v Al v v
Raw read accuracy ~Q21 HAC PseU All v v
i i m5C All v v
v5.2" Raw read accuracy ~Q22 HAC v n follqwmg
version Inosine All v v
301 Raw read accuracy ~Q13 SUP v v in following
v3.0. ! - ,
Mods: m6A DRACH RNA ZOE all v version
. Raw read accuracy ~Q19 SUP , in following
RNA e Mods: m6A, pseU v v 2'0me-C Al v version
v5.1" Mods: inosine, m5C v v i i
e 2'0me-U Al Ve '”\fg:'fi‘(’;’r'lng
v5.2" Mods: 2'0me (A,C, U, G) v in foflowing
version 20 G Al v in following
* SUP transformer architecture me- l version

© 2025 Oxford Nanopore Technologies plc. All rights reserved.
Oxford Nanopore Technologies products are not intended for use for health

. o - . *Currently only available in SUP
assessment or to dlagnose, treat, mitigate, cure, or prevent any disease or condition.


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

Modified base model Context HAC accuracy SUP accuracy
4mC and 5mC All 971% 98.0%
5mC and 5hmC CpG 99.3% 99.3%
All 98.6% 98.7%
6mA All 97.5% 98.3%

© 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.

Benchmarking Modified Base Detection with Modkit in Oct. 2024

Maodified HAC SUP
Context
Base Accuracy Accuracy

5mC+5hmC

S5mC+5hmC

5mC only

5mC only

BmA



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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Blackwell Architecture GPU Support

In MinKNOW 25.05.14

Standalone
MinKNOW an
NMVIDIA GeForce
RTX 5030 - MinION
MEID

Stondalone
MinKMNOW on
NVIDIA GeForce
RTX 5090 -
PrameathION 2 Saolo

DMA {30 kb human)

RNA

DNA {30 kb human)

RMA

HAC bosecalling
only

HAC basecalling
with alignment

*30 Gb output over 72 hours from a MinlON flow cell running 30 kb human reads
*100 Gb output over 72 hours from a PromethlON flow cell running 30 kb human reads

*7 Gb output over 72 hours from a MinlON flow cell running RNA

*35 Gb output over 72 hours from a PromethlON flow cell running RNA

© 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.

SUP basecalling
only
1
1
0.8
0.8

SUP basecalling

0.8

0.8

with alignment



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

© 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.
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Unique identifier
File formats: FASTA

The reference file Optional metadata

Notes >XI dna:chromosome chromosome:R64-1-1:XI:1:666816:1 REF
_ , CACCACACCCACACACCACACCCACACACACACCACACCCACACACCACACCCACACACC
* Header always begins with > ACACCCACTACTCTAACCCTATTCTAATCCAACCCTGATCAACCTGTCTCCAAACCTACC

| . | | | CTCACATTACCCTACCTCTCCACTCGTTACCCTGCCCCACTCAACCATACCACTCCCACC
*Unique Identifier followed by optional information CACCATCCATCTCTCTACTGTCACCAGCCCACCGTCCACCATAACCGTTACCCTCCCATT
separated by a space ACTCATATTTAACCCCACTACCACTTACCCTGCCATTACCCTACCATCCACCATGTCCTA

| CTCACTGTACTGTTGTTCTACCCTCCATATTGAAACGTTAACAAATAATCGTAAATAATA
* Followed by lines of sequence CACATATACTTACCCTACCACTCTAATCCCACCACACATCACATGCCATACTCACCTTCA
° Required input for many app”oations CTTGTATACTGATATGGTATACGCACACGGATGCTACGTATATACCACTCTCAACTTACC
CTACTCTCACATTCCACTCCATGGCCCAGTCTCACTAAATCAGTACGATGCACTCACATC

ATTATTCACGGCACTTGCCTCAGCGGTTTATACCCTGTGCAATTTACCCATAAAACCCAC

_ GATTATCCACATTTTAATATCTATATCTCATTCAGCGGCTCCAAATATTGTATAACTGCT

Often used for read alignments: CTTAATGCATACATTATACCACTTTTACTCCATATACTAACCATTCAATTTATACACACT
. Reference bias TATTTCAATATACCCACAAAATCACCACTAAAATTACCTAAACATAAAAATATTCTACTC
TTCAACAATAATACATAAACACACTCAATTGCGTATCTATACCACCATGACGTCATTAAC

» Population representation
e Species diversit , _

P y Reference sequences provide coordinate systems to anchor our
e Strain/breed/sub-species relatedness prediction against

* Not representative of any one member
P y This facilitates the comparison of predictions derived from

© 2025 Oxford Nanopore Technologies plc. All rights reserved. d |ffe re nt sam p |e S an d Stu d ie S

Oxford Nanopore Technologies products are not intended for use for health
assessment or to diagnose, treat, mitigate, cure, or prevent any disease or condition.
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File formats: FASTQ

©De factoformat for most sequence data types
©OStandard text file (huge in size)
©OBlocks of 4 lines correspond to data for 1 read
- Header, sequence, header (denoted by “+”), per-base quality

@Label Read ID Run ID Sample ID

964107149-aefe-4445-98dd-63b746dd6de8 | runid=12b8elaScfeaeb8afedccd42710993b762F9fdae5| sampleid=DM_lambda read=845 ch=149 start_time=2018-10-89T18:39:45Z
GGTATTGCTTCGTTCAGTTACGTATTGCTTCAACGACGTTCTCGGTTCATCGYGRAGGATGGAGTGAAAGAGATGCGCTATTACGAAAAAATTGATGGCAGCAAATACCGAATATTTGGGTGGTTGGCGATCTGCACGGATGCTACACGAAC

, BREEEHRAR " *TCF7Co@=>@@F5C9?85IDGHA; ? >99E7 ?=+* .&18>9: (§+[ '5;; <?A687300347*/?=:CFJE=@;%* ,0BEG@ ' AJB; ?98-, ,<<2-%) )&.-23344259%5&.03108// :@>A=9=AB?P<:7651D6: E: F[
dcdaBe6ed-5e8c-4042-911F-d917d2ef94c8 runid=12b8elaScTFaecb8atedccd2719993b762Ff9Ffdaes samp. 2id=DM_lambda read=927 ch=8 start_time=2818-18-89T718:36:01Z
CGTAGCCTTCGTTCAGTTACGTATTGCTGGCGGTATATTTCTCCAGCGGCGCYTCTGCGGCCGTTCGTAAGCCTTCTGCGCCTCTTCGG R ATATTTCAGCCGTGACCTTCGGTATCGGCGCTCTGCTGCTGCGCGTGCTTTTTGTCCTGTTAG

$IEHNGH) - )065<-842.%%,-)++,0,5/5;CDAARIEBDID=**78*-/%, . 7488%*1) ' : ;=1589 "\-+---468GCDDC=B637@DYDDFE ; /CBO<C?%( " (<&+>:7=,+"'"479=:6:."), (RX%&##*+, --589DBD/8&2
#d2352a8b-2331-413c-902f-8ef928fa82cd runid=12b8elapcfeaecbB8afedccd2710993762f9fdaeS sampleid=QM_lambda read=954 ch=310 start_time=2018-10-09T18:35:36Z
TTATTACTTCGTTCAGTTACGTATTGTAGGTCGCCCGTAACCTGTCAAGI TACCGGAAGGGACCAGTAAAGAG I GATAATGATTATGTCTACATATCTGGCGTAACGTGCGTGGAGCCATCAAACCCGTCAAATAATCAATTATGACGCAGG

Y2288 ( (%%-/(<:@8=7AB232303357...%% '&.14A2AC=727/ [, %(&*+%" %, % (+%++&(1AA2%%6 : ADGPECGEB@?: : ;D;57DB/* r{8%5#" (/?>>>- . BEEK*<=-*%:98843%0; I@AEGT=6:, ,*2<<DB>CG6=(@>

Q scores represented as ASCII characters
G > Base G

— g W
© 2025 Oxford Nanopore Technologies plc. All rights reserved. + 9 Q_ += 1 0
Oxford Nanopore Technologies products are not intended for use for health

assessment or to diagnose, treat, mitigate, cure, or prevent any disease or conaition.

Sequence
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File Formats: SAM & BAM

SAM files

* Sequence alignment map (SAM) first published by Li ef a/,
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

Is.sam ¢

BAM files

*  BAMfile is the binary (computer readable) version of a SAM
* Same information

*  Much smaller storage space required

* Canindex BAMs for rapid, random access

* If you have SAM, you should convert to 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.

Read ID

@D VN:1.6 SO:unkgown
@PG ID:basecaller/ PN:dorado
@PG ID:samtools

a8a2d9b4-2d86-4899-8b37-fef8e5d4c9c5
db99d697-ee48-47ea-80cf-f5c7fddc9alf
3541d563-b3b3-4423-b5e7-709b478a75ca
99a35303-86ef-414a-9b2f-2d5123b31a5b
a95fd88c-0a8c-4151-bf6c-89d771a781ab
02e53d68-6c54-4945-9174-e83b311ach06
7323297e-2ee3-4ad5-ah66-3b912ae371cf
4526733-23d8-4c77-935e-117b3eb4dboe
66lacel8-5e5d-4a2b-9b65-74c17ee4f7a8
aad8ela7-03fa-429c-89d7-8dc7417a478f
ff5ea7el-e7a3-4bb3-b80b-60ccffc026c5
6dfa22c1-1f25-47d5-96 f8-ad2d2d99075b
58369de-6d1c-490d-a5d5-6471b7cd49c6
8ab6f9ea2-4229-4cde-beb7-203d3ef37e46
c3186027-c8cd-4aca-8cab-9473ae9bd fad
b252f741-f368-4353-aa71-cd5a0d5ea3f6
32eace3b-de7d-471c-9d7f-10aabacel3a’
4f9dd10e-2923-4955-81af-0369167b83ae
f4844cb6-cb9d-4db8-81f5-d8afc2750db2
034fd862-e83e-48e7-al36-c3d5115a00e0
d393ceaf-f691-4cad-b2f9-5047fb03a38f

17Rad11$¥_0a0A_ARa7_Qalr_Tr2rThdadIRAF

:samtools PP:basecaller
@RG ID:94b5ed53had8f50cab680ab@lech5efe3c60alf8l dna

Alignment info Query sequence

VN:0.5.2+7969fab3
VN:1.19

CL:
(L3
rietl

sy Oy w1

orado basecaller hac pod5/DNA
amtools view -h calls.bam

4.1 e8.2 408bps hac@v4.3.0 PU:

S

S A DA RERLEARPERAERARERRAERAEELSD

*

b0 @ 0 0 5 W W T e e 1 e W e W

EECSIUSIUS BUSTSIE SIS RS I SIS IS ISR IS SRR I SRR

S

PO OO0

*

P 0w 0w w W W W W W w w w w W oW

*

[P 25 02 20 10 T8 W D W 4T T 1P AT WP o T e T 4y

PO OO0

PO OO0 Se e

12777 PM:Stevens-MacBook—Pro.lo
AAGGTTAAACGTAACTTGGTTTGTTCCCTGAACAGCACCTAAGTTTGAT
TCCCTACTCGTTCCATTACGTATTGCTAAGGTTAAGTGTAGTTGGTTTG
CCATTAACTGGTTCGTTACGTATTGCTAAGGTTAATAGTTTGGATGACC
AAGGTTAACCAGTAGAAGT CCGACAACATCACGATCAGCACCTTCCCGG
TGTTATGCTGGTAACCTTGCTTCATTCAGCGTATTGCTAAGGTTAAGCA
GTTATGTATACACTAATTGGTCCTGTGTTAGGTTCCATAACTCGCTGGC
AAGGTTAACGTCAACTGACAGTGGTTCGTACTCAGCACCTAGAGTTTGA
ATAACTTACTTGGTACCAGTACGTATTGCTAAGGTAATAGTTTGGATGA
AAGGTTAAGCATAGTTCTCAGTGATGGGGGCACAGCACCTAGAGTTTGA
GTGGCCCGCTTGGTTCAGTTACGTATTGCTAAGGTTAACGTCAACTGAC
AAGGTTAACCAGTAGAATCCCGACAACGTCATCAGCACCTAGAGTTTGA
ATGGTCACGACATTACGTATTGCTAAGGTTAAACGTAACTTGGTTTGTT
AAGGTTAATAGTTTGGATGACCAAGGATAGCCCAGCACCTTACGGTTAC
GTGTAACCTACTGGTTCAGTTAGTATGCTAAGGTTAAACGTAACTTGGT
TTGTTTTTGCTGGTTACTGGTTCAGTTGGTGTTTGCTAAGGTTAAACGT
ATGTTATGTAGCCTTAAGCTTCAGTTCTGCATATACTACATTTCATAGC
ATATCCGTATTTGCTTCGTTCAGTTACATATACTACGAGCGACAGCCCA
AAGGTTAAACGTAACTTGGTTTGTTCCCTGAACAGCACCTAGAGTTTGA
ATGTTGCCTGTACTTGGTTCGGTTGCGTTTGCTAAGGTAACGTAGACTG
TTGTGTATTCCTTCATCTATTATAAGGTTAACCGTTCAAAAATCCGACA
ATGTACATATTTATTCGGTTCAGTTTCGTCTGTGCTAAGGTTAGACGTT

ACETTAATACTTTRCATCACCAACCATACCCCCAGCACCTAGACTTTR
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Methylation detection in MinKNOW

Ensure BAM output is enabled to store methylation information

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

* BAM or uBAM required by some EPI2ZME Labs workflows (e.g. wf-human-variation)

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

© 2025 Oxford Nanopore Tech
Oxford Nanopore Technologie

assessment or to diagnose, tref

1. Positions

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

3. Run options 5. Output

Output

Data saved as

Bl Test/

Output location

/datal. Q

Output format

‘ FASTS o ‘ ‘ BAM

o ‘ ‘ FASTQ

) Filtering
‘ Qscore: 9 | Readlength: Unfiltered | Read splitting: Disabled & Options ‘

~ Advanced options

6. Review

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
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Generating an alignment

Required first step for most analyses

« For a sequencing read, to determine the location of origin within the reference sequence
* Reference can be complete genome, transcriptome or de novo assembly

* Inputis typically FASTQ and reference genome in FASTA format

* Qutputis sequence alignment map (SAM) format file or binary equivalent (BAM)

GCGAA GAGCGG ACGAGG G . T . t .
ranscriptomi
enomics ga S — anscriptomics
SNPs/indels Expression
Structural variation Isoforms
Repeat content Variation
...and more ...and more
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Where to find reference sequences?
Public databases

Ensembl

Name

Last modified Size Description

e Database of sequences and corresponding annotations

a Parent Directory.

() acanthochromis polyacanthus/

e ensemblgenomes.org

E] ailuropoda melanoleuca/
(23 amphilophus citrinellus/
[:] amphiprion ocellaris/
(23 amphiprion percula/

UCSC
e Database of sequences and corresponding annotations

() anabas testudineus/
(ZJ anas_platyrhynchos/

(2] anolis_carolinensis/
(2 aotus nancymaae/

(2] astatotilapia_calliptera/

e (Genome Browser

m astyanax mexicanus/
(2 bos_taurus/

e ucscbrowser.genenetwork.org

RefSeq
e Database of sequences
e ncbi.nim.nih.gov/refseq/

© 2025 Oxford Nanopore Technologies plc. All rights reserved.
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2018-09-06 04:10
2018-09-06 05:21
2018-09-06 10:52
2018-09-06 09:49
2018-09-06 11:31
2018-09-06 13:13
2018-09-05 08:26

Name Last modified Size Description
a Parent Directory. -
B CHECKSUMS 2018-09-12 16:22 3.8K
README 2018-09-03 22:12 49K
ﬁl iae R64-1-1.dna.cl Lfa.g; 2018-09-03 22:12 70K
ﬁ iae.R64-1-1.dna.ct 11.fa.g: 2018-09-03 22:12 248K
ﬁ iae. R64-1-1.dna 111 fa.g; 2018-09-03 22:12 97K
ﬁ S isiae. R64-1-1.dna 1V.fa.gz 2018-09-03 22:11 465K
ﬁ iae. R64-1-1.dna 1X fa.gz 2018-09-03 22:12 134K
ﬁl isiae.R64-1-1.dna.c| Mito fa.g: 2018-09-03 22:12 22K
ﬁl iae.R64-1-1.dna.cl Vfa.gz 2018-09-03 22:12 176K
ﬁ iae.R64-1-1.dna.ct Vifa.gz 2018-09-03 22:12 83K
ﬁ jiae.R64-1-1.dna VIl.fa.gz 2018-09-03 22:11 333K
ﬁ S iae.R64-1-1.dna VIII fa.gz 2018-09-03 22:12 171K
ﬁ isiae. R64-1-1.dna X fa.gz 2018-09-03 22:12 227K
ﬁl iae R64-1-1.dna.cl XLfa.g 2018-09-03 22:12 204K
ﬁl iae R64-1-1.dna.cl XILfa.g; 2018-09-03 22:12 324K
ﬁ. iae.R64-1-1.dna.ct X111 fa.g; 2018-09-03 22:12 282K
ﬁ jiae.R64-1-1.dna XIV.fa.gz 2018-09-03 22:12 239K
ﬁ S iae.R64-1-1.dna XV.fa.gz 2018-09-03 22:11 333K
ﬁ iae. R64-1-1.dna XVI.fa.gz 2018-09-03 22:12 289K
ﬁ iae R64-1-1.dna toplevel fa.g: 2018-09-03 22:12 3.6M



http://ensemblgenomes.org/
http://ucscbrowser.genenetwork.org/
https://www.ncbi.nlm.nih.gov/refseq/
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EPI2ME

© 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.



Oxford Nanopore Technologies

Fully supported intuitive solutions
Analyse your data with EPI2ME

Q  search workflows and analyses

w Workflows & Import workflow v Filter workflows

; s * |Intuitive interface

Produce SNVs and Indels from Nanopore sequencing of tumour/nor.. Analyse Nanopore reads generated by amplicon sequencing.

e variant calling e somatic variant (=] ® amplicon e alignment ® variant calling

H Human Variation Clone Validation
I I I I ° P r e 'C 0 n fl g u r e d WO r kfl O WS — Basecalling, SNV calling, SV calling, modified base calling, CNV calli... De-novo reconstruction of synthetic plasmid sequences.
auncl
(g . . e human e variantcalling e whole genome (=Y e plasmid e denovo e annotation
* Intuitive, interactive reports

] L] )

L] L]

1| * Standard output files Somatic Variation Amplicon
- = s =
L] - - -
| 1 = =

Single Cell Metagenomics

Identification of cell- and UMI barcodes from single-cell sequencing. Identification of the origin of single reads from both amplicon-target...

® transcriptomics Do ® metagenomics @ amr o
- T wd-hesman-aarisson
i Srmeviybiipipiisp i yafien sy DT v Transcriptomes 16s
% ° R u n IO Ca I Iy O r in th e C IO u d Transcriptome analysis including gene fusions, differential expressio... Identification of the origin of single reads from 16S/ITS amplicon seq...
Q e isoforms e transcriptomics @ denovo =) ® metagenomics e metabarcoding @ 16s ==+ ¥
* Command-line access
* Easy integration
-]

© 2025 Oxford Nanopore Technologies plc. All rights reserved.
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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.


Oxford Nanopore Technologies

EPI2ZME: how does it work?

Intuitive data analysis

Local Cloud

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

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

Choose between
running the analysis
locally or in the cloud

* 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.

© 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.

Analysis runs locally

&

Data is uploaded
and analysis run
in the cloud

Report and output
files are generated

Report and output
files are generated -

results are downloaded
to local system*



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.


Oxford Nanopore Technologies @

Integrated local and cloud EPI2ME experience

Local and cloud analysis in a single software

Local AL Cloud O Integrated cloud

Location functionality
08 Run Locally & Run In Cloud G Run Locally & Run In Cloud for selected workflows
Access
[non-human data]
Reporting
Options v Options v
Focus
Operating systems Installed version GitHub
v1.2.0 epi2me-labs
Bioinformatics expertise
GitHub Author
epi2me-labs Oxford Nanopore Technologies
Author Tags
Oxford Nanopore Technologies e glignment e mapping  ® minimap2
Tags

e alignment ® mapping ® minimap2

© 2025 Oxford Nanopore Technologies plc. All rights reserved.
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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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EPI2ZME desktop application: how does it work?

An open analysis platform

Home

@ Free to download standalone desktop application = Dashboard

& A new software update is available. See what's new in version v5.2.5 .

>
Total analyses System CPU
@ Pre-packaged with >15 workflows o, 43 ooy B | 58% wiscn

Recent activity

i A week or more ago

@ Minimal setup required

Alignment wi-alignment
Clone_validation wf-clone-validation
16S wf-16s
Compatibility
* Windows, macOS§, Linux etogenomies et [
* Desktop computers, laptops, on-device, cluster or cloud* - e
competent_varahamihira wf-metagenomics

*Must be logged in to access cloud functionality

0

Settings

Bacterial_genomes_and_isolat... wf-bacterial-genomes

© 2025 Oxford Nanopore Technologies plc. All rights reserved.
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Q  search workflows and analyses

Wed Jun 19 2024

Mon Apr 29 2024

Tue Mar 12 2024

Tue Mar 12 2024

Tue Mar 12 2024

Tue Mar 12 2024

Tue Mar 12 2024

Thu Mar 07 2024

System MEM

Completed

Completed

Completed

Completed

Completed

Completed

Completed

Completed

Logged in as Guest
Sign in to EPI2ME

Details >

All analyses -



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 EPI2ZME

control

Human What's in é Quality
genetics my pot?

wf-alignment ee (o) wf-metagenomics ee (o) wf-clone-validation e ()
wf-basecalling A wf-16S e &) wf-aav-qc e o

Transcriptome Targeted Infectious Genome
sequencing sequencing @ disease structure
NEW!
wf-bacterial-genomes oo wf-teloseq ee

wf-single-cell eee (o wf-amplicon e D) wi-flu e ) wf-pore-c eee

(Y =cloud analysis available  CPU requirements

X e standard laptop 8 GB RAM -- Grid / P2i / P24 (/ Laptop)
A = Iarge GPU reqUIred ee large memory computer 32 GB RAM —- Grid / P2i / P24 (/ Laptop)
eee 16 CPUs + 64GB RAM required --- Prom24 @ Interested in running wf-human -variation
© 2025 Oxford Nanopore Technologies plc. All rights reserved. in the cloud? Register your interest here
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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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EPI2ME workflows from command line

For deployment on own clusters or custom pipelines

Nextflow workflows available on GitHub n@dﬂOW

O Product Solutions Open Source Pricing Sign in ‘ Sign up |

@ EPI2ME code is deposited in GitHub under MPL-2.0 license

EPI2ZME Labs

() Overview [ Repositories Q) Packages R People

[Q wf ] Type ~ Language -

@ Nextflow workflows can be executed from the command line

20 results for all repositories matching wf sorted by last updated Clear filter

wif-single-cell ' Pudiic . M
@®Python ¥2 w3 (D2 %1 Updated 2 days ago

@ Support containers Singularity and Docker for reproducibility
wif-template ' public

Nextflow workflow template repository

@®Groowy %3 w5 (Do Il0 Updated 3 days ago

wf-human-variation ' Public

r @nextfiow F0 Yr2 (D2 90 Updated 3 days ago
docker (8

wf-transcriptomes | Public

@python ¥ 2 93 (D1 111  Updated 10 days ago

© 2025 Oxford Nanopore Technologies plc. All rights reserved.
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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

Oxford Nanopore Technologies

EPI2ZME integrations

© 2025 Oxford Nanopore Technologies plc. All rights reserved.
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Workflows now easier to install
Enabled by the 2ME format

&
Supports offline 2ME format One-click Workflow bundle
compute includes all installation ‘ . ‘
infrastructure workflow pre- Code Containers

requisites

Reference data ‘ Instances

© 2025 Oxford Nanopore Technologies plc. All rights reserved.
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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 EPI2ZME desktop application
Install with the GitHub repository

Import your workflows into EPI2ME

= Q_ search workflows and analyses

* EPI2ME desktop application enables

Workflows

- Running locally community-developed
bioinformatics workflows

® metagenomics @ |

- Implemented in Nextflow as per
nf-core standards

Metagenomics

* Import straight from GitHub e oo
° S h a r e yo u r WO r kfIOWS With th e b r o a d e r. Input the address of a Nextflow workflow project from GitHub and press import. Note: If you close

this modal, the install will carry on in the background.

Oxford Nanopore community

Somatic Variatiof
Produce SNVs and In

o variantcalling ® s

© 2025 Oxford Nanopore Technologies plc. All rights reserved.
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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



Oxford Nanopore Technologies

Integrate your workflows with EPI2ZME desktop application
Install with the GitHub repository

i < Q_  Search workflows and analyses

-
- WOI'kﬂOWS v Import workflow v Filter workflows

Home

& Import from Github

> & Import a 2ME file
Launch MpOX e Pc e
Mpox metagenomics assembly from nanopore sequencin... Converts data generated with the Pore-C protocol into us...
lll e wf-mpx  ® metagenomics e assembly [+
Results
Install workflow from GitHub
Somatic Variation
AR Sats s i e St e 1S e g, Input the address of a Nextflow workflow project from GitHub and press import. Note: If you close
e wf-somatic-variation ~ ® human e variant call o this modal, the install will carry on in the background.
E.g. https://github.com/epiZme-labs/wf-metagenomics
Teloseq
Analysis of telomeric sequence data generated with the ...
e wf-teloseq e telomere length e telomere Download
* Showing 1to 20 of 20 workflows Previous Next
Settings

© 2025 Oxford Nanopore Technologies plc. All rights reserved.
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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

EPI2ME Compatible
Human variation workflow partners

ation (Recessive) : CASR Missense (T7801)

Secondary analysis Tertiary analysis and
interpretation

© 2025 Oxford Nanopore Technologies plc. All rights reserved.
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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








.
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An increasing library of datasets

Resources v About v

@ Oxford Nanopore open dataset project Latest datasets and analyses

The list below represents the most recent dataset or analysis of its class. As new datasets,
* Test EPI2ZME 5 i
basecallers, and analysis methods are developed this list will be updated.

* Tool development
* Reproducible benchmarks Human genomics
* Explore characteristics of nanopore data Fowcel Kt 2 oME workflows  Date

Dataset
model
EllO= SQK- v5.0.0 SUP
PRO114 LSK114 and HAC

FLO- SQK- v5.0.0 SUP
PRO114 LSK114 and HAC

FLO- SQK- v4.3.0 SUP

; PROTIA  LSKU4  and HAC

@ Over 20 datasets available e.g. e
. FLO- SQK-  v5.0.0 SUP

* Genome in a Bottle PROTAM  LSKM4  and HAC
* Plasmid Validation FLO- SQK- v4.2.0 SUP

° Metagenomics PRO114 LSK114  and HAC

* And much more o s e

dorado
PROM4 ULK114
model

FLO- SQK-
MIN106 LSK110

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

© 2025 Oxford Nanopore Technologies plc. All rights reserved.
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Q, Search help and more... C .

Table Of Contents

Latest datasets and analyses
Human genomics

Single-cell, transcriptomics and
direct RNA

Synthetic Biology

Plant and Animal

Metagenomics

Use of Oxford Nanopore Open Data
Archived datasets

Data access



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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Investigate human variation with a single workflow

Investigation of structural variants, single nucleotide variants, and methylation using EPI2ME

5mC

wf-human-variation EPI2ZME

NADTO63 5mC Hap1)

NADTO83 5mC (Hap2) |

|
LTl L !

\
L

NADTO63 Dopth

. Detect "
Sample sequencing and Intuitive reports

basecalling in MinKNOW wf-human-variation SNVs, SVs, STR, CNVs,

methylation, phasing Visualise results

MinKNOW = EPI2VE

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

Oxford Nanopore Technologies products are not intended for use for health
assessment or to diagnose, treat, mitigate, cure, or prevent any disease or condition.

© 2025 Oxford Nanopore Technologies plc. All rights reserved. @ 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/
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- - 1ati Outputs
wf-human-variation —

report

VCF

Clinical STR

calling V v

Straglr

CNV

CNV calling
Spectre

annotation V V

SnpEff

Input data

bam file
Read haplo- SNV

tagging annotation V V

Whatshap SnpEff

Alignment to
reference
Reference Minimap2
genome
fasta file oV

SV cglllng annotation
Sniffles2 SnpEff V V

SNV calling SNV phasing
Clair3 Whatshap

Mod callin mod base
> modkit ° pileup 5 —
Moawr (bedmethyl)
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Get insights into your metagenomic samples: shotgun or amplicons

Intuitive visualisation of taxonomy, diversity, abundances, and more

lﬂ.’#i iy

wf-metagenomics EPIZME

cl y
l/;l-_"'

VS
AN

Amplicons or Native DNA

Sequence and basecall Quick classification with - Intuitive report, classified
amplicon-targeted and wh-metagenomics Kraken 2. Fine classification and unclassified reads,
shotgun metagenomics J with minimap2 and text files with
samples in MinKNOW Real-time options lineage details

MinKNOW = EPI2VE

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

© 2025 Oxford Nanopore Technologies plc. All rights reserved.
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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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|dentification based on 16S, 18S, and ITS amplicons

Intuitive visualisation of taxonomy, diversity, abundances, and more

EPI2ZME

[
-I 6S / 1 85 / |TS Am pll cons satens el g i e = ‘

Quick classification with Intuitive report, classified

Sequence and basecall Kraken 2. Fine classification and unclassified readsl

amplicon-targeted wf-16S
16S/18S/ITS in MinKNOW

with minimap2 and text files with
Real-time options lineage details

MinKNOW = EPI2VE

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

© 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.


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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Transcriptomics workflow for cONA or native RNA

|dentify isoforms, measure gene expression, and detect fusion genes

EPI2ZME

wf-transcriptomes

Gene I 0 S0

Isoforms

Native RNA or u
cDNA reads B e

Input FASTQ file(s) and
reference genome (if available).

wf-transcriptomics Additional reference files
needed for gene fusion and
gene expression®

Assembled transcriptome
(annotated). Optional: fusion

Full-length native RNA
reads or cDNA transcripts

sequenced and
basecalled in MinKNOW

transcript sequences and
differential transcript plots

MinKNOW = EPI2VE

*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.

© 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.


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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Get high-quality amplicon consensus & detect variants

Barcode and pool samples & targets

EPI2ZME

wf-amplicon

Coverage along amplicon

Read Barcode

I Sample Amplicon Position ~ Ref. allele Alt.allele ~ Type  Depth Allelic balance
barcode01  katG__NC_000962.3_2154725-2165670 443 c G s 68 956
— barcode0l  rpoB_NC_000962.3 760285-761376 870 c s 79 949
— ) barcode02  katG__NC_000962.3_2154725-2155670 443 c G SNP 65 96.9%
= ) barcode02  rpoB__NC_000962.3 760285-761376 870 c s 60 9

De novoassembly of Intuitive report
wf-amplicon consensus or variant Includes pre-processing,
calling against reference QC, depth of coverage, etc.

Sequence and basecall
in MinKNOW

MinKNOW = EPI2VE

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

© 2025 Oxford Nanopore Technologies plc. All rights reserved.
Oxford Nanopore Technologies products are not intended for use for health
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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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Bacterial genomes alignment or assembly

Including bacterial annotation & antimicrobial resistance genes

wf-bacterial-genomes EPI2ME

Genome coverage

Channel States Panel

The plot below illustrates depth of coverage. For adequate variant calling, depth should be at least 50X in any region. There will be several plots if there were multiple
references. Use the dropdown menu to select different samples.

barcode01~

Imonocytogenes

Alignment to reference
Sample sequencing and wh-bacterial-aenomes or assembly. Consensus Intuitive report, FASTA
basecalling in MinKNOW g annotation and consensus and annotation

resistance genes

MinKNOW = EPI2VE

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

© 2025 Oxford Nanopore Technologies plc. All rights reserved.
Oxford Nanopore Technologies products are not intended for use for health
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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/


Oxford Nanopore Technologies

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 Oxford Nanopore GitHub repository

* From basecallers to modified base analysis

o Product Solutions -~ Open Source Pricing Sign in | Sign up |

e Ready for your custom pipelines

*  Command-line experience required Oxford Nanopore Technologles

MNanopores for single molecule (DNA/RNA, protein) analysis using the MinlON, GridlON and PromethlON systems

@ Oxford, UK ¢ https:jnanoporetech.comi W B3 suppar 1.com Verified

* Limited support due to rapid evolution

(n) Overview [ Repositories 8a [ Projects @ Packages A People &

Key tools available Pinned People
. B bonito  Public [ pod5-file-format = Public ‘f rs ,"‘3__
* Dorado: latest basecaller and other tools available s B 20O
standalone Ornon s Yoo

Top languages

* Modkit: toolbox for working with modified bases _ _ ®Fyton @ Typescript @CH+
[ dorado  Public A medaka Public @C © JavaScript
A LibTorch Basecaller for Oxford Nanopore Reads Se ence correction provided by ONT Research
®c++ wWwso ¥es @®rython  Tr2e1 W53

Most used topics

nanopore  cdna  rna-seq

£ remora  public [ fast-ctc-decode Public

basecalling  transcriptomics
madified base calling separated from Blitzing Fast CTC Beam Search Decoder

W More at: github.com/nanoporetech

© 2025 Oxford Nanopore Technologies plc. All rights reserved.
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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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What is Dorado?

Dorado powers Oxford Nanopore basecalling and more

Latest features available on GitHub Integrated in MinKNOW and EPI2ME
MinKNOW

- nanoporetech / : Basecalling
- dorado Basecalling ON
. 3 '8 3‘
<> Code (©) Issues 89 “ “ Modified bases ON
33;.! Models
High-accuracy basecalling | 5mC & 5hmC CG contexts

© ¥ ﬁ, @; "35"‘
Oxford Nanopore's Basecaller E’i: »;:,ﬂ - EPIZME
& nanoporetech.com/ @ s "?

. ...

Overview  Launch  Readme

58 View license 2 yi-basecaling

4

Yy 649 stars % 79forks <® 30 watching ¥ 11Branches Helper worldiow for basocaling ONT reas.

https: figit bs/wi-bazecalling

=]

© 45 Tags - Activity [E) Custom properties

nstalad lazally Current versian: 110

@ Public repository

© 2025 Oxford Nanopore Technologies plc. All rights reserved.
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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

LC 2022 LC 2023 LC 2024 LC 2025

1 1
: IF |
! 1 1
! 1 1
| ¥ |
! Basecalling i |
. iy :
1 1 1
1 1 1
1 V1 1
1 V1 1
1 1 1
| i '
o fo . 1 1
. DNA modifications 5mC H !
1
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: CpG-context CpG-context all-context 11 all-context !
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o . 1 !
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| m6A X l
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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


Oxford Nanopore Technologies

Methylation analysis with Modkit R —
Available in GitHub - implemented in EPI2ME workflows

e

Modkit is a suite of tools for manipulating modified-base data Accessible and robust base modification analysis
with Modkit, the multi-tool for nanopore epigenetics

Leveraging DNA and RNA methylation data in your experiment shouldn’t be hard — so we made a tool

Y | n te g r a te d i n E P | 2 M E Wf_ h u m a n _Va r ia tio n to make it easy. Modkit is open source and integrated into EPI2ME™ workflows

Contact; artrand@nanaporetech.com More information at: nanoporetech.github.io/modkit/

@snc Osmc @ [EE T 5 [ ——

R N

i

* Suitable for the analysis of 5mC and 5hmC T i

* Best-practices filtering implemented

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

* Compatible with hemi-methylation

* |Input: BAM files (with MM and ML tags)

* OQutput: summary counts of modified and unmodified bases (bedMethyl) Loy L

y find sequence motifs enriched

lly methylated regions
with automatic segmentation, using ‘dmr’ for methylation with ‘find-motifs’
and ‘entropy’ crzymes wil mayate

More at: github.com/nanoporetech/modkit®
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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​
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Our user community continually releases analysis tools

User-developed tools and algorithms tailored to Oxford Nanopore data

Common tools The bioinformatics section of the nanoporetech.com resource center

* E.g., demultiplexing, filtering, mapping, assembling,
variant calling, etc.

Resource Centre

o il _

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 e et A S cnthe seregatonoldenca genea . SAPS-Goli2 vt dolection . halrd
methylation prediction, barcode aware adaptive sampling ) ) s e

WLioH? More at: nanoporetech.com/resource-centre

© 2025 Oxford Nanopore Technologies plc. All rights reserved.
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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

© 2025 Oxford Nanopore Technologies plc. All rights reserved.
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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 r70.4.7_e8.2 400bps sup@v4.3t6 translate raw signal data (squiggles) into

nucleotide sequence data

A

P
L

Aligned
bases

Writer
Sequencer
Decoder 4
Nucleotides,
Byte stream Probabilit Q-Scores
distrubution (chunks)
Experiment run time
Pre-process )
(Scale, shift Machine Stichar Basecalled
offset) Learning
SCGCTCGCTGATAGTCGTAGATGAATGCGCTCGCTGATAGTCGTAGA algorithm
Mm_KNOW ba_secallmg Sealed
during experiment signal
Chunked Signal y
Barcode Demultiplexed |

signal demultiplexer [reads
chunking
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Dorado — a new basecaller

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

Channel states panel

Run state: seqguencing Selected channel:

Sequencing

309

Pore Available

45

Unavailable

® B55

Inactive

© 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.

= steven.batinovic — -zsh — 123x34

Last login: Fri Mar 22 22:34:45 on console
(base) steven.batinovic@X4NVGK4F41 ~ % dorado basecaller hac podS5/DNA/ > calls.bam

[2824-83-26 B6:38:308.366]
[2824-B3-26 B6:38:30.367]
[2824-B3-26 B6:38:31.3086]
[2824-83-26 B6:38:37.236]
[2824-83-26 ©6:39:55.330]
[2824-B3-26 B6:39:55.338]
[2824-B3-26 B6:39:55.394]

[inTo] Assuming cert location is /Jetc/ssl/cert.pem

[infe] - downloading dma_rl@.4.1_e8.2_488bps_hac@Pv4é.3.8 with httplib
[info]l » Creating basecall pipeline

[info] - set batch size to 488

[inTo] » Simplex reads basecalled: 4888

[info] » Basecalled @ Samples/s: 1.859782e+86

[info]l > Finished

(base) steven.batinovic@X4NVGK4F4l ~ % [


http://www.github.com/nanoporetech/dorado

Oxford Nanopore Technologies

Decoding basecaller model names

Basecalling Models

dna_r10.4.1_e8.2_400bps_fast@v5.2.0

dna_r10.4.1_e8.2_400bps_hac@v5.2.0

dna_r10.4.1_e8.2_400bps_sup@v5.2.0

© 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.

Compatible
Modifications

4mC_b5mC
5mCG_5hmCG
5mC_5hmC
6mA

4mC_5mC
5mCG_5hmCG
5mC_5hmC
6mA

Modifications
Model
Version

v
v
v
v

v
v
v
v1

Data
Sampling
Frequency

5 kHz

5 kHz

5 kHz
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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-FLGO0O1 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.

dna_r10.4.1_e8.2_400bps_sup@v5.2.0

© 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.



Oxford Nanopore Technologies

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 > calls.bam

(base) steven.batinovic@X4WVEK&F41 ~ % dorado basecaller hac pod&/DNAS > calls.bam

[2824-83-26 B&:38:308.386] [info] Assuming cert location is fetc/ssl/cert.pem

[2B824-B3-26 BA:38:38.3467)] [in7o] - downloading dna_ri1@.4.1_e8.2_&488bps_haci@vé.3.8 with httplib
[2B24-B3-26 B4:38:31.386) [inTo] » Creating basecall pipeline

[2824-83-26 B6:38:37.236] [inTo] - set batch size to 48@

[2824-B3-26 B6:39:656.3308] [info] » Simplex reads basecalled: 4288

[2824-83-26 B6:39:55.338] [info] » Basecalled @ Samples/s: 1.859782e+86

[2824-83-26 B5:39:55.394] [inTo] = Finished

© 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.
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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

(base) steven.batinovic@X4NVGK4&F41l ~ % dorado basecaller hac,5mCG_EhmCG pod&/DMA/ > calls.bam

[2824-83-26
[2824-83-26
[2824-83-26
[2824—-B3-26
[2824-83-26
[2824—-83-26
[2824—-83-264
[2824-B3-26

Bé:
Bé:
Bé:
Bé:
Bés
B7:
B7:
B7:

L&
&
L&
&
R
Ba:
Ba:
B

45,
45,
ib .
&7 .
B2.
32.
32.
32.

2271
2281
4008 ]
478]
9771
E081]
5@81]
4508 ]

[inTo] Assuming cert location is fetc/ssl/cert.pem

[info] - downloading dna_rl@.4.1_e8.2_&4088bps_hacivé.3.8 with httplib

[info] - downloading dna_rl@.4.1_e8.2_&8@bps_hac@véd.3.8_6mCG_GhmCGRv1 with httplib
[info] » Creating basecall pipeline

[info] - set batch size to 488

[info] » Simplex reads basecalled: 4888

[info] » Basecalled @ SamplesSs: 8.315883e+85

[info] » Finished

dorado basecaller sup@v5.2.0,m5C_20meC,inosine_m6A_20meA,pseU_20meU,20meG pod5s/ > calls.bam

X X X X

© 2025 Oxford Nanopore Technologies plc. All rights reserved.
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Bioinformatics 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
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Raw reads

t‘ QC assessment

Filtered reads

t‘ Alignment

BAM file

t‘ Detection

Result file
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Thank you

Oxford Nanopore Technologies, the Wheel icon, AMPORE-TB, ElysION, EPI2ME,
Flongle, GridION, MinlON, MinKNOW, PromethlON, and TraxION are registered
trademarks or the subject of trademark applications of Oxford Nanopore
Technologies plc in various countries. Information contained herein may be
protected by patents or patents pending of Oxford Nanopore Technologies plc. All
other brands and names contained are the property of their respective owners.
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