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Summary 

Building Blocks of Life: Solutions for societal challenges derived from the fundamental 
understanding of the molecular basis of life 

Our understanding of ‘life’ on a molecular and cellular scale is developing rapidly, aided by extensive 
integration of biology, chemistry, physics, computer science and systems analysis, among others. Numerous 
societal challenges require innovative science, such as the progressive ageing of the population, the transition 
to clean, climate-friendly energy and the sustainable production of sufficient healthy food. There are 
enormous global opportunities for the development of knowledge and innovations in such areas as 
healthcare, agriculture and the energy sector.  

The aim of the NWO research programme Building Blocks of Life (BBoL) is to put Dutch science to use – with 
its fundamental scientific and technological breakthroughs – to understand the molecular basis of life and to 
develop new products, smarter product chains and new technologies. 

In writing this vision document, the BBoL Programme Council is looking to the future. Following a 
successful first call for proposals, we brought the project partners and other stakeholders together to lay the 
foundations for the next stage. Given the programme’s ambitious title, it is essential to provide the next 
building blocks to rise to the challenge and continue to build on the results of the first call for 
proposals. Long-term programming is precisely the programme’s strength. It will enable us to find 
effective answers to societal challenges and further develop key enabling technologies around the BBoL 
theme.  

Building Blocks of Life is an interdisciplinary programme involving the NWO Domains Science, Applied and 
Engineering Sciences, and the Netherlands Organisation for Health Research and Development (ZonMw), the 
Dutch government’s top sectors Agri & Food, Chemistry, High Tech Systems & Materials, Life Sciences and 
Health, and Horticulture and Starting Materials, and it is also represented in the various routes of the Dutch 
National Research Agenda. BBoL would like to conduct long-term programming (10 years) that crosses the 
boundaries of disciplines, domains and sectors. Interaction between projects with a fundamental orientation 
and demand-driven projects from industry and society is essential to achieve this.  

The Programme Council and the stakeholders want optimal safeguarding of knowledge transfer, to attract 
new partners, and to offer the projects from the first funding round the prospect of a follow-up. Those 
involved are unanimous about the strength of the programme: its multidisciplinary, cross-sectoral and long-
term ambition. Where do we want to be in 10 years’ time and which building blocks of life will we need to 
achieve that? 



1. Building Blocks of Life
Innovative science lays the foundations for our future society. It can offer solutions for the societal issues we 
face, such as the progressive ageing of the population, the transition to clean energy, the changing climate, 
the threats to our living environment, and sustainable, healthy and sufficient food. Building Blocks of Life 
would like to tackle these issues by drawing on our understanding of the molecular basis of life to provide 
new key technologies, products and smart product chains. Technological breakthroughs in physics, chemistry, 
biology, computer science and the systems analysis of enormous databases (and the synergy that has 
emerged from this) have led to a spectacular increase in our knowledge of life. These developments offer 
enormous opportunities.  

The Netherlands is able to contribute to and profit from this to the full extent because these areas of science 
in the Netherlands are among the very best in the world. Compared to other countries, we are also better at 
collaborating effectively in the Netherlands, which will be a decisive factor. We are currently in a good 
position to take decisive steps forward by efficiently combining complementary expertise from different 
research fields. The new knowledge will give us the power to create altered and to a certain extent newly 
developed forms of life, which will be better equipped for specific purposes or to take on new, unprecedented 
tasks. Challenging innovations are expected in a multitude of scientific and technological areas: healthcare 
(such as individually-tailored and targeted medication), quality and quantity improvements in food supply, 
sustainable production of crops, hybrid techno-biological systems, new materials with new properties, 
organisms that carry out new tasks under extreme circumstances, etcetera.  

This research is extremely topical and is embedded in an international dimension: a lot is happening 
worldwide but through focus and collaboration, the Netherlands can take the lead internationally in research, 
development and implementation, and remain there. What is more, the products it will produce can be 
translated and marketed globally. As a knowledge-based economy, the Netherlands meets all the conditions 
for becoming a world player in this revolution and should invest wholeheartedly in this. 

2. Current state of the programme Building Blocks of Life
We can meet urgent scientific and societal challenges through focus, cohesion, partnerships and continuity. 
To this end, we want to use long-term programming (10 years) in the BBoL programme to cross the 
boundaries of disciplines, domains and sectors and strengthen the links in the knowledge chain. BBoL is a 
classic example of a cross-disciplinary and cross-sectoral programme of the NWO domains Science, Applied 
and Engineering Sciences, and the Netherlands Organisation for Health Research and Development (ZonMw) 
as well as the participating top sectors of Agri & Food, Chemistry, High Tech Systems and Materials, Life 
Sciences and Health, and Horticulture & Starting Materials. The important link with the Responsible 
Innovation programme (MVI), in which research is conducted into the societal and ethical aspects of 
challenging innovations in the MVI-BBoL call, means that there is also a connection with the Social 
Sciences and Humanities domain and, at the same time, the dialogue with ethical and societal aspects of 
the new technological breakthroughs is safeguarded. In addition, the Building Blocks of Life theme is one 
of the six most important challenges for Dutch science and society in the NWO strategy and strongly aligns 
with various routes in the Dutch National Research Agenda.  

2.1 Results of BBoL call for proposals 2016 
The start of the programme was funded by the NWO contribution to the Knowledge and Innovation Contracts 
2016-2017. This funding provided a budget for community building and for the first call for proposals in the 
programme. One key to the success of BBoL is the promotion of essential cross-disciplinarity, by emphasising 
the formation of communities and exchanging information and expertise, among other things. A match was 
needed with at least one private party for the first BBoL call. Private partners contribute at least 10% of the 
project budget needed. A total of 48 applications from project consortia were submitted. The applications 
were of a high calibre and there was a good range of large and small projects. The projects were also well 
balanced in terms of contributions from the various participating top sectors. Across the board, the 
involvement of private partners from both SMEs and larger businesses was spread evenly and they also 
worked together in project consortia. The projects were selected on the basis of quality and the 



 
 
 

interdisciplinarity of the project consortium and the research proposal, their suitability considering the focus 
of the programme, and on the basis of their economic and societal impact. The available budget enabled 16 
project applications to be funded.  
The start of the projects from the first call laid the foundation for this programme. By programming for the 
long term, we envisage full integration of the projects and the best possible transfer of knowledge, with the 
result that we can build effectively on the results achieved.  
 

3. Vision for the future: where will we be in 10 years’ time? 
In its programme, Building Blocks of Life has identified two major scientific challenges, which form the 
building blocks for new applications:  
I. Understanding cellular processes and how they influence the identity of molecule to organism, and  
II. Engineering molecules and cells.  
The first challenge comprises ‘Understanding cellular networks’, ‘Quantitative description of individual cells’ 
and ‘Applications in biology and medicine’. The second challenge is subdivided into ‘Development of synthetic 
and chemical biology’ and ‘Applications of synthetic and chemical biology’. We have outlined a number of 
examples of scientific questions that the aforementioned may provide answers to in the next 10 years.  
 
 Understanding cellular processes and how they influence the identity of molecule to organism 

• Can we understand how interactions between proteins and DNA lead to cellular functionality? How do 
molecular and other signals in and between cells lead to differentiation between cells? Which errors in 
cellular control lead to disease?  

• What makes cells robust and how do they react to changes in their surroundings? What is the 
biological basis of cellular adaptability, cellular networks (including the brain) and organisms? Can we 
extend this ability to open up new living environments? 

• How can we increase our understanding of biological diversity? What is the significance of 
microbiological diversity for health? How can cellular diversity develop into multicellular systems, 
disease (including cancer) or ageing?  

• What is the molecular basis of evolution, and can we steer evolution in a desirable direction? How 
does a genome ensure stability on the one hand, but evolution and diversity at the level of an 
organism, on the other? 

 
 Engineering molecules and cells 

• Can we improve the synthesis and assembly of DNA, and improve our control of genetics such that it 
becomes simple to design artificial genomes?  

• Can we use synthetic biology to set up biological systems that can be controlled analogically? Can we 
create a ‘programming language’ to influence elements of living cells and organisms?  

• Can we introduce new functionalities into living cells, e.g. to reduce the ‘yield gap’ in crops? 
• Can we construct a working organelle or a functional chromosome? Are we able to make new, 

synthetic, complex systems with true-to-life properties? And will this bring us closer to an 
understanding of the origins of life? 

 
The answers to these ambitious questions will be driven by fundamental, cutting-edge research. For this, new 
technical and conceptual approaches and insights are essential. The search for answers to these scientific 
questions will be accompanied by the development of many new technologies and applications. The impact of 
knowledge with respect to Understanding life processes will be the greatest in the sectors of healthcare and 
care, agriculture and food and in the living environment. It could affect medical applications such as stem cell 
and gene therapy, the development of new antibiotics or the targeted alteration of our bacterial flora. 
Chemistry and nanotechnology will be used to develop more targeted, biocompatible drug-delivery devices. 
Knowledge of Engineering of molecules and cells could make it possible to synthesise – by means of modified 
or unmodified enzymes – nanoparticles with specific structures or functionalities. Alternatively, it will enable 
us to get microbes to synthesise molecules in a targeted manner through the combination of DNA synthesis, 
bioinformatics and systems biology, or to store carbon dioxide in useful connectors such as building blocks for 
polymers, biofuels, etc. With respect to food supplies and food security, it will be possible to modify plants in 



 
 
 

a targeted manner so that they grow more efficiently or – for example – emit signals when faced with certain 
threats.  
 
The Netherlands has been investing for some time in various specific areas (biotechnology, biophysics, 
chemical sciences, materials, nanotechnology and neurosciences). Dutch science is very highly regarded on a 
global level. This is partly the result of past investments: recently, investments in fundamental research have 
lagged far behind our potential and ambitions, so that we are losing our favourable position. Continuous long-
term funding is essential, especially for developing key enabling technologies for biotechnology, 
bioinformatics, microscopy and advanced materials. If investment does not take place, knowledge and 
expertise that has taken a long time to acquire will be lost and we will fall behind our competitors. Another 
cause for concern is that, to date, the funding for the various areas has not been integrated. Real added 
value comes from collaboration between different disciplines. Integration and coordination will be much more 
feasible if funding is in keeping with the multidisciplinary nature of research. NWO’s new structure provides 
an ideal opportunity for this and BBoL could be a compelling example of this new mission.  
 

4. Which steps are needed to achieve this?  
Building Blocks of Life is an outstanding example of a multidisciplinary programme that comprises all four of 
NWO’s domains and a large number of top sectors. The various stakeholders must have a common vision and 
provide long-term financial support to ensure the success of Building Blocks of Life. Such funding will support 
interdisciplinary and cross-sectoral projects in which researchers enter into innovative partnerships with 
industry and other private partners, such as healthcare funds. At the same time, Building Blocks of Life is in a 
good position to discover, support and retain interdisciplinary talent for science by providing long-term 
prospects. 
 
Building Blocks of Life aspires to contribute to the creation of an integrated ‘ecosystem’ in which projects in 
all stages of the knowledge chain – from scientific projects to market research and commercialisation – are 
supported. This requires a healthy balance between projects with a fundamental orientation and demand-
driven projects, in which questions are derived from industry and society. Innovations do not come about in 
isolation and seldom or never follow the linear path of discovery via development and demonstration to 
rollout. In practice, the innovation process is much more of a process of trial and error; as innovations are 
applied, learning experiences lead to new research questions, and additional research again leads to the 
redesign of innovations. Communication about the results of projects in this ecosystem will lead to maximum 
follow-up and return on the outcomes. 
 
Over the coming years, Building Blocks of Life will undertake initiatives for building this ecosystem and 
guaranteeing the maximum impact of the research funded. Meetings, for example, will contribute to 
community building and the setting up and strengthening of partnerships. Such meetings might include 
network meetings and matchmaking events, but also the organisation of a summer school. Together, these 
activities will ensure an optimal knowledge transfer between the various disciplines and projects. Other forms 
of knowledge dissemination will likewise be used to the full extent possible to ensure that the funded research 
in Building Blocks of Life produces maximum returns. 
 
Building Blocks of Life is represented in several routes of the Dutch National Research Agenda. The research 
challenges are concentrated most strongly in the route: 
- Origins of Life – on earth and in the universe  
The technological challenges have their place in the routes: 
- Materials – Made in Holland 
- The quantum/nano-revolution 
- Measuring and detecting: every time, everything and everywhere  
- Creating value through responsible access to and use of big data 
The societal applications are linked to these routes: 
- Health care research, sickness prevention and treatment 
- Personalised medicine: the individual at the centre 

http://www.wetenschapsagenda.nl/oorsprong-van-leven-op-aarde-en-in-het-heelal/
http://www.wetenschapsagenda.nl/materialen
http://www.wetenschapsagenda.nl/nano-en-quantumtechnologie-voor-de-vierde-industriele-revolutie/
http://www.wetenschapsagenda.nl/meten-en-detecteren-alles-altijd-en-overal
http://www.wetenschapsagenda.nl/big-data-verantwoord-zoeken-naar-patronen-in-gegevensbestanden
http://www.wetenschapsagenda.nl/gezondheidszorgonderzoek-preventie-en-behandeling/
http://www.wetenschapsagenda.nl/gezondheidszorgonderzoek-preventie-en-behandeling/
http://www.wetenschapsagenda.nl/personalised-medicine


 
 
 

- Regenerative Medicine: game changer moving to broad areas of application 
- NeuroLabNL: the ultimate living lab for brain, cognition and behavioural research  
- Sustainable production of safe and healthy food  
- Energy transition 
Mutual support and coordination is already taking place through connection with these routes.  
 
At the same time, three of the consortia awarded funding in the NWO Gravitation programme in 2017 
emphasise the major importance of the overarching BBoL theme:  
- Building a Synthetic Cell 
- Netherlands Organ-on-Chip Initiative 
- Materials-driven regeneration: Regenerating tissue and organ function with intelligent, life-like materials’ 
Apart from the importance of this theme, it is also evidence of the strength of the scientific field in the 
Netherlands in this respect. With this knowledge base, BBoL is the best programme to unite this field further, 
and to take further steps towards applications by drawing on the results of fundamental research.  
 
From an international point of view, BBoL’s subject areas are able to forge strong links on a content level with 
the societal challenges as defined by the EU in its Horizon2020 programme. The new insights, technologies 
and applications being worked on in BBoL will contribute to "Health, demographic change and wellbeing", 
"Food security, sustainable agriculture and forestry, marine and maritime and inland water research and the 
Bioeconomy", and "Climate action, environment, resource efficiency and raw materials". Building Blocks of 
Life furthermore supports European initiatives – through co-funding – in its area of expertise such as the 
ERAnet for Biotechnology.  
 

5. What are the next steps?  
To give this theme a strong national and international context, it is important to continue to develop and 
update its widely supported ambition (where do we want to go, the ‘man on the moon’ ambition but then 
focused on ‘better life on earth) and the route towards it in the long term (10 years). We will be able to 
achieve this ambition faster and more effectively if we collaborate and intensify our activities.  
To this end, the workshop held in May 2017 laid the foundations for establishing a national BBoL consortium. 
In conjunction with project partners, private parties and other committed stakeholders, the ambitions for the 
programme and a joint agenda were discussed. Those involved were unanimous about the added value of the 
programme: its multidisciplinary, cross-sectoral and long-term nature is the programme’s strength and 
appeal. There is a burning ambition to guarantee maximum knowledge transfer, as well as a shared desire to 
offer the programme the prospects of a follow-up.  

 
The Programme Council intends to hold a national conference early in 2018 to continue with the construction 
of a national consortium. This will also be an opportunity for the projects that have recently started to share 
their initial results and for new interested parties (public and private) to meet each other and the existing 
consortium.  
  
The Programme Council wishes to make use of the impending Knowledge and Innovation Contracts (2018-
2019) to secure resources for the future of Building Blocks of Life. In these Knowledge and Innovation 
Contracts, industry, knowledge institutions and government make agreements to work together on 
knowledge and innovation in terms of both content and funding. Maximum synergy will be sought for this 
between the Knowledge and Innovation agendas of the top sectors, the Dutch National Research Agenda and 
NWO’s strategy.  

http://www.wetenschapsagenda.nl/regeneratieve-geneeskunde
https://vragen.wetenschapsagenda.nl/route/neurolabnl-d%C3%A8-werkplaats-voor-hersen-cognitie-en-gedragsonderzoek
http://www.wetenschapsagenda.nl/duurzame-productie-van-veilig-en-gezond-voedsel/
http://www.wetenschapsagenda.nl/energietransitie
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