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Source: adapted from the NHS Genomics Education Programme 

https://genomicseducation.hee.nhs.uk

The key differences between genomic and genetic analyses 

Genomics Genetics

The study of an organism's complete set of genetic information The study of heredity

Analysis includes both genes (coding) and non-coding DNA Analysis of the function and composition of single genes

Genome: The complete genetic information of 

an organism

Gene: Specific sequence of DNA that encodes for a functional 

molecule



Genetic variation - Random changes in our genome

Firth & Hurst, „Oxford Desk Reference Clinical Genetics and Genomics“; 2017; Figure from Bolzer et al, PLoS Biol 2005

The total length of diploid human genome is 6.5 billion nucleotides

An average newborn has acquired 50 de novo mutations (“random errors of nature”) 

About 100 genuine LoF variants, with ca 20 genes completely inactivated in every human genome 

Every human genome contains approximately 4-5 million variants, 

including SNVs (sequence variants) and CNVs (duplicated or deleted chromosome fragments)



Genetic variants by their frequency and effect size

Modified from Manolio T et al, Nature 2009

Causative variant ≈ disease

• Huntington disease

• Spinal muscular atrophy 

Substantially increased life-time risk

• Familial Hypercholesterolemia

• Breast cancer (BRCA1/2)

Pharmacogenomics

Slightly increased life-time risk

• Polygenic risk scores 

    (CAD, T2D, breast cancer)

Genetic 

heterogeneity

• ID/DD, ASD

• Psychiatric disorders

• Cardiovascular disease

• Ophtalmology

• Cancer



Where is genomic medicine 
in 2023? 

Genomic research and medicine are central for 

biomedical research and healthcare

Genetic factors play a role, to a greater or lesser extent, 

in all human diseases

Where is genomic medicine in 2025? 



Plan France Médecine Génomique 2025

"Genomic medicine is no longer a promise - it is already a reality that will 

transform how we prevent, diagnose, treat and predict the prognosis of disease. 

... 

It is a public health issue. Genomic medicine is revolutionizing the care pathway 

and therefore how the public health system is organized.”

Launched by the French government in 2016



Genomic services for healthcare providers

Source: www.genomicseducation.hee.nhs.uk/genomics-in-healthcare/



Benefits provided by genomic medicine

NHS Genomic Medicine Five-Year Strategy (UK), October 2022

Precise diagnosis allows better treatment 

selection and increased effectiveness

Clear identification of underlying cause 

of disease and segmentation

Opening more treatment possibilities 

through identifying at early stage

Identifying predisposition markers

Better characterization of 

condition and driver targets

Through identification of 

predisposition to side effects



"When health care providers don't have enough information to make tailored recommendations, the costs of care 

can mount"

The Costs of Imprecision



Will societies be able to afford genomic medicine as a routine service?



Health economic data from presentation of Prof. Joachim Marti; University of Lausanne

• The ACMG 59 medically actionable genes
• Early interventions

• Better adjusted screening programs (e.g. 

breast cancer)

• ↓ Unnecessary diagnostic tests

• ↓ Unnecessary (surgical) interventions

• Pharmacogenomic screens (↓↓↓cost per 

QALY per drug)

99.5% population

3% population

Cost-saving potential of genomic analyses



The first nation-wide PGx service

As the first nation-wide health system, the NHS Genomic Medicine Services plans to launch in 2023 PGx service 

providing screens for 40 compounds to all people in England



Ultra-rapid WGS in critically ill infants

Figures and data from The Project Baby Bear Final Report; Rady Children’s Hospital (CA, USA) 2020



Adapted from a presentation by Zornitza Stark at the GA4GH Plenary 2021 



Adapted from a presentation by Zornitza Stark at the GA4GH Plenary 2021 

PanelApp Australia

Streamlined clinical data capture

4 min 35 sec

Time from sample to variant report 

median: 3 days; range: 2-7 days

Automated and standardized rWGS workflow



Ultra-rapid WGS in critically ill infants

Figures and data from The Project Baby Bear Final Report; Rady Children’s Hospital (CA, USA) 2020

Healthcare spendings ↓↓

• 513 fewer days in hospital

• 11 fewer major surgeries and 16 invasive diagnostic tests

• $2.5 million in healthcare savings; $4,509 per QALY gained



National genomic medicine initiatives (non-exhaustive list)

Background world map from: 

Vemaps.com

The Turkish 
Genome Project

The Ghanaian 
Genome

Nigerian 100K 
Genome Project

The Saudi 
Genome Program

China Precision 
Medicine 
initiative

Czech Genome
Multiome Project



Prerequisites for human health-related genomics

Understanding of genomic 

architecture in the 

population

Infrastructure for data 

exchange and analysis, 

optimized for large-scale 

genomic data

Readiness to participate in 

international 

collaborations and data 

exchange ecosystems 



European over-representation in genomic datasets affects the accuracy

of risk prediction in other populations 

Figure adapted from Martin et al, Nature Genetics 2019



Examples of population genomics and *omics initiatives

Country Pop. Initiative Focus area # of WGS # of GT Other molecular data

USA 332 Mio

All of Us General population 245,400 313,000 In discussion

Trans-Omics for 

Precision Medicine

General population, multi-

ancestry 
206,000 NA

Transcriptome; Metabolome; 

Proteome; Methylation

UK 67.3 Mio

UK Biobank
Population,

aged 40-69 years  
500,000 500,000

Blood proteome; NMR-metabolites; 

Panel of disease-specific 

biomarkers

Genomics England Rare disease, cancer
97,000 NHS patients 

(increasing)
NA In discussion

Finland 5.5 Mio FinnGen General population 9,000 412,000 NMR-metabolites

Estonia 1.3 Mio Estonian Genome Center General population
3,000 + 10,000 in 

progress
210,000

Transcriptome; NMR-metabolites; 

Metagenomics

Iceland 376,000 deCode General population 62,240 160,000 Targeted plasma proteins

Denmark 5.9 Mio
Danish National 

Genome Center

Broad spectrum of clinical 

conditions
60,000 in progress NA Transcriptome



Prerequisites for human health-related genomics

Understanding of genomic 

architecture in the 

population

Infrastructure for data 

exchange and analysis, 

optimized for large-scale 

genomic data

Readiness to participate in 

international 

collaborations and data 

exchange ecosystems 



Clinical services 
Strategic partners 

services
Research services

• Data processing, computing power, 
validated pipelines 

• Tools for interpretation
• Secure server capacity

1 2 3

1 2 3

Danish National Genome Center offers three services 

• Collaboration with other authorities 
• Use of infrastructure 
• Data storage, secure server capacity, 

databases, development projects, 
federated systems 

• Secure server capacity 
• Data storage
• Powerful processing
• Tools, modules, programs and 

applications 
• Consultancy and architectural 

assistance 

Slide credit: Lene Cividanes; Danish National Genome Center



National infrastructure for personalized medicine 

• Implementation of WGS in 

patient treatment 

• Collect and store Danish genome 

data in a secure national 

genome database 

• Genome data access to health 

care professionals, researchers and 

patients



The Australian Acute Care Genomics

A/Professor Sebastian Lunke
Victorian Clinical Genetic Services

Professor Zornitza Stark
Victorian Clinical Genetic Services



Prerequisites for human health-related genomics

Understanding of genomic 

architecture in the 

population

Infrastructure for data 

exchange and analysis, 

optimized for large-scale 

genomic data

Readiness to participate in 

international 

collaborations and data 

exchange ecosystems 



What is needed for responsible implementation? 

The EP PerMed “The Strategic Research & Innovation

Agenda for Personalised Medicine”, 2023

IT-infrastructure and technology

Public and professional trust

Modernizing and education

Focus on inclusion and facilitating access

Legal and ethical framework



Australian Government “The National Health Genomics 

Policy Framework 2018–2021”

Genomics is changing the research transition pathway

Traditional linear genetic 

research translation 

pathway

Emerging cyclic genomic research 

translation pathway 

= 

Clinically driven research



Genomic learning healthcare systems

Positive cycles driven by new knowledge and technological innovation

in human genomics research and clinical care

“Strategic vision for improving human health at The Forefront of Genomics”

Green ED et al, Nature 2020



Implementation of genomic medicine

Where does Europe stand in 2025?

“The Future of European Competitivness”

Report by Mario Draghi

September 2024

THE FUTURE OF EUROPEAN COMPETITIVENESS – PART | SECTION 1 | CHAPTER 9

1. Maximise the impact of the European Health Data Space (EHDS)



1+ MG Declaration of Cooperation (2018)

• Build a cohort of at least 1 million sequenced genomes that provides clinically 
impactful associations in research

• Providing access to genomic and health data for secondary use
• in a harmonised fashion 
• to cross-border datasets

    to foster better healthcare outcome and economic growth

• Harmonised fashion covers
• Harmonised quality
• Harmonised semantic
• Harmonised information and communication systems and tools
• Harmonised data governance

Drive personalised medicine and health in Europe

Slide courtesy André Uitterlinden, Genome of Europe



Funded by
the European Union’s Digital Europe Program
Grant agreement #101168231
Part of 1+MG Initiative

The 1+MG Roadmap

Cross-border access to genomic data, implementation of genomics-based health

20202018 20232022 20272026

Design & Testing

Scale-up & Sustainability

Population Genomics

Slide courtesy Valentina Oberti, European Commission

2024 20252019 2021



• Duration 2024 – 2028

• Coordinated data generation for genomic medicine  
across Europe  

• Funding for WGS 20% of population target in each 
participating country

• Kick-off meeting 30.-31.10.2024, Rotterdam 

Implementation of genomic medicine

Where does Europe stand in 2025?

European Commission 

Digital Europe Programme



European Commission 

Digital Europe Programme

Why Genome of Europe?

The reference dataset for genomic health programs of 

the European countries

• Documenting and quantifying genetic diversity and heterogeneity across European populations

• Reference for interpreting clinical genetic variants in comparison to disease-specific genomes

 

• Recalibrating genetic risk profiles to ancestral backgrounds, essentially important for developing polygenic risk scores

• Reference panel for imputations in lower resolution but cheaper and larger scale genotyped samples (low-pass 

WGS, SNP genotyping)



Funded by
the European Union’s Digital Europe Program
Grant agreement #101168231
Part of 1+MG Initiative

GoE within the 1+MG Roadmap

Cross-border access to genomic data, implementation of genomics-based health

20202018 20232022 20272026

Design & Testing

Scale-up & Sustainability

Population Genomics

Slide courtesy Valentina Oberti, European Commission

2024 20252019 2021



What is GDI setting out to do?
Support the EU 1+Million Genomes (1+MG) initiative (Digital Europe policy) 
ambition to enable secure access to high-quality genomics and the corresponding 
clinical data across Europe for better research, personalised healthcare and health 
policy making

Establishing a federated, sustainable and secure infrastructure based on open 
community standards to access genomic and related phenotypic and clinical data 
across Europe

Building on the Beyond 1 Million Genomes (B1MG) project outputs 

Slide credit: Tommy Nyrönen, GDI and ELIXIR Finland



● Fully operational and integrated into 1+MG 
infrastructure: Belgium, Czechia, Denmark, 
Estonia, Finland, France, Germany, Italy, 
Luxembourg, Portugal, Slovenia, Spain, 
Sweden, The Netherlands, Norway

● Fully operational national node but not yet 
integrated in the 1+MG infrastructure:
Bulgaria, Latvia, Lithuania 

● Onboarding:
Croatia, Ireland

Infrastructure will exist in 2024 with at least 6 
countries

Countries’ commitment to GDI by 2026

Slide credit: Tommy Nyrönen, GDI and ELIXIR Finland



https://gdi.onemilliongenomes.eu

Connecting relevant EU initiatives



Core components of the 1+ MG Framework

Components based on the output of the 1+MG projects that provide guidance on ELSI, data 

quality, data standards, and technical infrastructure standards and APIs.



EP PerMed joins European personalized medicine 

initiatives under one roof

Launched in October 2023

Key figures of EP PerMed:

• Duration: 2023 - 2033

• Total budget: Approximately 

370 Mio Euro

• Partners: More than 50, mainly 

funding organisations from 

Europe and beyond



Swiss Federated Genomics Network

To develop a streamlined infrastructure supporting collaborative genomic research

To provide researchers and clinicians with secure and efficient access to genomic information

To collect reference data and knowledge about the genetic structure of the Swiss population

To serve as stepping stone for international collaborations

National genomic strategy to facilitate genomic research and accelerate the 

integration of genomics into healthcare practice



Genome of Switzerland Swiss fEGA repository

Aim to align with the parallel ongoing genomics initiatives at European level 

Implementation of genomic medicine

Swiss Federated Genomics Network



Switzerland

• Highly heterogeneous 

    composition

• High benefits from GoE

• Expected ”fair share” 

     13,808 samples

Suggested ancestral composition of the Genome of Europe

Columns: Countries; Rows: Different ancestries in each country

EU Digital Europe funds (2024-2028)

• 20% of Genome of Europe target in 

each country



Pilot Phase 2023-2025

Step
1

• Mapping of samples

• Legal and ethical 

framework

Step
2

Clinical-grade WGS of 1,000 

population samples

Step
3

Pilot reference dataset

Step
4

Use cases proposed by the 

Genome of Europe:

• Lookups of individual variants

• Population distributions for 

polygenic risk scores

• Reference panels for ancestry-

specific imputation

• CHUV BGC participants

• General consent including genomic 

analyses

• Option to opt-out

• 2.6% did not want to participate



Scale-up Phase 2025 - onwards

Step
1

Step
2

Step
3

Additional assays

Clinical-grade WGS of 

15,000 population samples

Genome of Switzerland 

reference dataset

• Requirement to join the 

Genome of Europe

• Long-read sequencing

• Multi-omic profiling



Genome of Switzerland Pilot Phase

Population genetic architecture (preliminary results)

Principal Component Analysis

• Genome of Switzerland (n=416)

• Reference: 1000 Genomes

European

African

South-East

Asian

Indian 

subcontinent

Latin America
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