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Medical Genome Sequence Analysis Pipeline:
https://github.com/imgag/megSAP

ONT wf-human-variation Pipeline:
https://github.com/epi2me-labs/wf-human-variation

Nvidia Parabricks Pipeline:
https://docs.nvidia.com/clara/parabricks/latest/index.html

nf-core nanoseq Pipeline
https://github.com/nf-core/nanoseq
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Clinical Decision Support for Nanopore Diagnostics
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Benchmarking the Quality of Reads and 
Variant Calls
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One Human Genome per Flowcell: Coverage Yield

Coverage with one flowcellper human genome
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Base Quality

QC-Analysis on 233 diagnostic 
Nanopore-GS:

Good quality: 80% of bases > Q20

Note: we remove reads with Read-
Q < 9 before base quality analysis!



Summary: Essential QC Parameter

1. Coverage: >= 30x

2. Saturation: >= 20x coverage in > 95% of the genome

3. N50 read length: >10kb (optimal: 20-25kb)

4. Base quality: 80% of all bases have Q > 20

5. Remove reads with Read-Quality < 9
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Benchmarking with Genome in a Bottle Reference Data



GiaBBenchmark for Coding Regions
March 2025 ςNanopore long-read GS

recall/sensitivity precision genotyping accuracy

Exome SNVs 97.25 99.91 99.91

Exome INDELs 91.7 98.18 99.54

Nanopore SNVs 1.000 0.999 1.000

Nanopore INDELs 0.966 0.983 0.998

https:// github.com/ imgag/megSAP/blob/master/doc/performance.md



Structural Variant Calling srGSvs lrGS



The Advantage of Long Reads for
Complex Clinical Use Cases



ELRIN* - European Long-Read Initiative for RD

Å Form a European network of experts developing 
Nanopore standards for clinical testing

Å Explore the potential of Nanopore sequencing in Rare 
Diseases and Familial Cancer

Å Gather deep control data Structural Variants and 
Methylation analyses

Å Standardize reporting of repeat expansions, duplicate 
genes, mobile elements, SVs and methylation disorders

Å Provide long-read next-generation sequencing data to 
the European +1Million-Genomes initiative.

*ELRIN Study is supported by ONT

Coordinators: Olaf Rieß, Beate 
Kristmann, Tübingen



lonGERConsortium Pilot Study

ÅBenchmarking 2 Genome in a Bottle cell lines sequenced at each site 

Å1000 RD patient samples (1 FC per genome)

ÅClinical use cases

ÅCompound heterozygotes

ÅComplex structural variants and mobile elements

ÅRepeat expansions

ÅDuplicated genes (genes with pseudogene copy)

ÅPathogenic haplotypes (e.g. OPN1-Cluster)

ÅMethylation (imprinting disorders)

* lonGERςClinical Long-read Genome Initiative  is supported by ONT



Haplotype-Phased Genomes ςCompound Hets

Father

Mother

Daughter

Compound Heterozygotes can be resolved 
sequencing only the index case

Mother Father

Child (sick)



Much Higher Sensitivity for SV Detection
N

a
n

o
p

o
re

B
io

N
a
n

o*

ÅMuch higher sensitivity
ÅAccurate breakpoints
ÅTrue positive SVs per case: 
ÅShort reads: 10,000
ÅLong reads: 23,000



Duplicate Genes and Pathogenic Haplotypes



Duplicate Genes: SMN1 and SMN2 in Spinal Muscular Atrophy

Deletion in SMN1



Human Opsin Gene Cluster (Color Blindness) 

Å Genes OPN1LW and OPN1MW

Å Copy no. variability (n=2-8)

Å Expression gradient (only first 

two copies are relevant)

Å High sequence conservation

Å 5 pathogenic variants

Å Very difficult for diagnostics

Collaborators: Caspar Gross, Elena Buena-Atienza, Bernd Wissinger



Human Opsin Gene Cluster (Color Blindness) 

Å Characterization of LW/MW gene variants not possible with srWGS 

Å Nanopore: evaluate copy number, order of copies, hetero-/hemizygous 
variants, haplotypes

Å Diseases: e.g. 
Å Blue Cone Monochromacy, 
Å X-linked cone dysfunction disorders
Å TODO

Å Paraphase tool for long reads:

     https:// github.com/PacificBiosciences/paraphase



Haplotype Phasing: Determine Variants in 3 Gene Copies

Un-phased haplotypes

OPN1LW_hap1:LVAVAc.465G

OPN1MW_hap1:LVAVAc.465C

OPN1MW_hap2:MVAVAc.465C

Phased haplotypes

Collaborators: Caspar Gross, Elena Buena-Atienza, Bernd Wissinger



Diagnosis for Patient

Gender
N50 read 

length
(kb)

Coverage 
WGS

Coverage 
OPN1

Copy 
Number

Haplotype 1 Haplotype 2 Haplotype 3 Phenotype Mutation type

male 19,7 43 80 3
OPN1LW_hap1 

LVAVA
OPN1MW_hap1 

LVAVA
OPN1MW_hap2 

MVAVA
Blue Cone 

Monochromacy (BCM)
Exon 3 splicing-

deficient Haplotypes

OPN1LW
_hap1 LVAVA

OPN1MW
_hap1 LVAVA

OPN1MW
_hap2MVAVA

Why is important?
Å 2 first copies expressed
Å LVAVA and MVAVA 

have different 
pathogenicity (5% vs 
50% correctly spliced 
transcripts)

(Buena-Atienza et al., 
2016; Neitz et al., 2021)

Exon 3
Collaborators: Caspar Gross, Elena Buena-Atienza, Bernd Wissinger



Repeat Expansion Diseases



Repeat Expansions: Known and Novel Pathogenic Expansions

Genome-wide: 
82 known pathogenic 
repeat expansions



Example: Huntington Disease (Tübingen Case 15)

Extended allele: 53 CAG Repeats in HTT 

Indication: Huntington disease 

Å hyperkinetic movement disorder
Å gait disturbance
Å poor fine motor coordination



Example: Ataxia (SCA3, Tübingen Case 16)

Extended allele: 77 CAG Repeats in ATXN3 

ONT Long Read Analysis
Å ATNX3: (CAG)23 / (CAG)77

Indication: SCA 3
Å ataxia
Å dysarthria
Å dysphagia

Å cognitive impairment
Å ophthalmoparesis
Å parkinsonism



SCA4: Novel Pathogenic Repeat Expansion in ZFHX3 Discovered 
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Validation (PCR amplification ) Pathogenic repeat length

Collaboration with K. Figueroa, S. Pulst, U. Utha; M. Spielmann, U. Kiel



Methylation: Imprinting Diseases



Haplotype-Phased DNA Methylation Calling

Plot: MethylArtist

Imprinting Locus



ÅBeckwith-Wiedemann syndrome (BWS) caused by Uniparental Disomy11 (UPD11)

ÅGenomic imprinting at genes H19 and KCNQ1OT1 ςonly one parental allele should be expressed

H19 ς Gain of methylation KCNQ1OT1 ς Loss of methylation

Imprinting Defects: Detecting Anomalies in Haplotype-
Phased Methylation

Collaboration with F. Kraft, I. Kurth, T. Eggermann, UK Aachen 



Compound Het: Methylation + Frameshift Indel 
Schaaf-Yang Syndrome:



Fragile X Syndrome:  FMR1 Inactivation by Methylation

Case

Control

CGG expansion & Hypermethylation in FMR1 (X chromosome, male patient), 



Outlook: Telomere-Telomere Genomes

Nanopore-only T2T with:

ÅUltra-Long Reads of 100kb: 3 FC

ÅPoreC: 1 FC

ÅTotal: 4 Flowcells

Complete dataset:
https://www.elrin-network.eu/

https://www.elrin-network.eu/
https://www.elrin-network.eu/
https://www.elrin-network.eu/
https://www.elrin-network.eu/


AI-assisted Diagnostics



The Problem: Finding the Causal Variant in Genetic Disease

Genome:

~4M SNVs

Exome:

~80k SNVs

Alters 

Protein:

~15k SNVs

Causal 

variant:

1 SNV

Pathogenicity 
Classification

Causal Variant 
Prioritization



Annotation Features for AI Diagnostics

SNV

Damage Scores
Splicing defects & 

alternative splicing

SNV

Phenotype (e.g. HPO, Images, EHR)

Disease Variants DBs

Population AF Evolutionary Conservation

SNV

Structural Variant

RNA-seq

InDel



Automated Diagnostics by AI: aiDIVA ensemble-AI

Trained on > 100,000 clinical cases
Evaluated on > 3,000 clinical cases

Large Language 
Models

Meta-AI
Evidence-based model

dominant

recessive

Random-forest model

Pathogenicity
Classification

Patient 
InformationAnnotation

Variants

On NVIDIA NIMs

Clinical 
Report



Improving Causal Variant Prioritization with 
Large Language Models (LLMs)

Gene preselection - Top-10 of:
Å Random Forest
Å Evidence Model
Å Dominant
Å Recessive

Å List of variants with impact
Å Phenotype
Å Age at diagnosis
Å Sex of the patient
ÅΧ

Top-3 candidate 
genes with 
explanation

GPT-4o
Mistral
Llama
Χ

Example Prompt:
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Automatically Generating 
Clinical Reports

AI-generated reports



aiDIVA Finds Close to 100% Correct Diagnoses in Top-3 Ranks

Evaluated on 3,000 solved 
clinical cases of UKT



Method Development & Nanopore Implementation

Elena Buena-Atienza

Nanopore Sequencing  

Caspar Gross

Long-read bioinformatics 

Jakob Admard

NGS Method development

Marc Sturm

Lead Diagnostic 
Bioinformatics

Leon Schütz

Decision Support 
Systems for RD 
and Nanopore 

German Demidov

Structural Variants, 
Statistics

Alexandr Chernov

Cloud Platform

Dominic Boceck

AI Development

Alexander Ott

Cancer Decision 
Support System

Vincent Hammer

Single Cell & Spatial
Transcriptomics

Victoria Paz Cepeda 
Espinoza 
Pathogen Diagnostics

Andreas Schmidt
Association Tests

Ramya Potabattula

T2T, Ultra-Long Reads

FuboCheng

T2T, PoreC

Chia Ying Ko

Repeat Expansions

Prithivi Jung Thapa

T2T Assembly

Vladislav Lysenkov
Nanopore Analysis


