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The knowledge of the human genome has great potential for human health. It may help us to understand the origins of diseases and help us to tackle diseases more precisely by using medicines that work at DNA level. Also for the nutritional sciences it possesses immense possibilities. For decennia now epidemiologists have tried to find links between health and food. Research at genome level may help to reveal the relation between food and health. It could find the origins of diseases and help to prevent them. It may proof the healthy influence of nutrients. However this potential is overshadowed by the enormous complexities surrounding the genome and the possible applications of genomics or in this papers subject nutrigenomics. 

The DNA was thought to be the blueprint of our human body. If this blueprint would be uncovered we would “know”. We would be able to solve the mysteries of our body. However since the majority of the human genome has been sequenced in 2000, this idea was shattered in to pieces. The working of the genome and its interaction with nutrients are complex. Interactions between genes, enormous amounts of genes reacting on one nutrient and opposing reactions of genes triggered by the same nutrient makes the challenges of nutrigenomics abundant. Above that it is rather difficult to test the health effect of nutrients and therefore certain diets and products on health because it is hard to determine the area between illness and health. Nutrients have to interact during a stage in which the body at that moment of time does not give any signals of illness yet (Van Roost, 2005). The literature of the influence of nutrients on health is therefore replete with inconsistencies (Davis and Milner, 2004). 
Besides these complexities and uncertainties within the science of nutrigenomics, its interaction with society is a mystery. How will people react on the developments of nutrigenomics, its complexity and uncertainties? How will they influence its applications? Nutrigenomics is thus surrounded by internal and external uncertainties. 

Problem and aim

The paper aims at finding the ethical problems connected to nutrigenomics. In contrast to the usual ethical approach to science and technology, we will explicitly address the uncertainties and complexities of genomics, and not assume a fixed, consensual image of the nutrigenomics science. Nutrigenomics is here defined as the research that uses knowledge of the genome to prevent diseases or to improve health by means of food, and is even more complex than genomics, because it also has to take into account non-human organisms that are involved with food intake and digesting (like bacteriae). These complexities affect the uncertainties surrounding the different applications of nutrigenomics.  
Personalized dietary advises based on DNA tests
One of the most famous and notorious possible applications of nutrigenomics is personalized dietary advice based on ones personal DNA. These personalized advises can be given based on a DNA test which might reveal susceptibilities to certain life style related conditions so that personalized dietary advises can be given. One example of a clear indication that genetic testing might be used to predict the susceptibility to certain dietary related conditions is the current research at obesity. Jeffrey Friedman, one of the pioneers in the obesity research, believes that most of the variance of obesity is due to genetic factors  (Friedman, 2004). Others like Roth J. et al. (Roth et al., 2004) acknowledge genetic factors but emphasize the importance of other factors such as expenditure due to physical activity and influences during the period in the uterus. Despite these differences in opinion, a lot of research is being done at finding markers that could be tested to predict the vulnerability to obesity and its implied vulnerabilities. Recently, Meyre et al. (Meyre et al., 2005) has found proof that there are three polymorphisms for the gene that codes ENPP1 could be a marker for increased risks for obesity and diabetes. According to the BBC news this could be the first step towards a DNA-test for obesity and diabetes (BBC-News, 2005).  
Personalised dietary advice based on biomarkers on DNA level
Another possibility could be personalized diets based on biomarkers on DNA level. By measuring mRNA and proteins that are formed after a western diet and by measuring the dynamics of these markers, it might be possible to tell a person is developing lifestyle related conditions in an early still reversible stage. Or it might be possible to tell that a person is vulnerable to develop these lifestyle related diseases and therefore should change his or her diet.

New nutrigenomics products

In addition to these genetic testing aiming to give advises about lifestyle and nutrition German and Watzke (German  and Watzke, 2004) go one step further and foresee personalized foods. These authors see promises for the development of foods that improve characteristics such as musical and artistic performance but also for healthy lifestyles for example for people with a predisposition to get food related health problems like lactose intolerant. They also predict a future for foods designed for different metabolism types. 

Five types of uncertainties surrounding nutrigenomics services and products
The ethical evaluation of nutrigenomics services and products has to consider ate least five types of uncertainties. First, the scientific, internal, uncertainties we talked earlier play a role: genes can have different functions in interaction with their environment. Secondly, in relation to personalized dietary advice based on personal DNA it is unknown how frequent this kind of polymorphisms will occur. Will every individual have a certain vulnerability to a certain disease or will it only be applicable to a small group of the population. Third, uncertainties are formed by the risk analyses. Will it be possible to calculate a certain risk of getting a certain condition with a certain lifestyle? Or will it be difficult to separate the genetic component and the lifestyle component? How high will these risks be? How will these risks be handled by the actors? Fourth, for the usefulness of such tests it is uncertain to what extent risks indications about obesity and diabetes and other vulnerabilities really influence people to live healthier and therefore help to prevent these conditions. Fifth, it is uncertain how nutrigenomics products will be developed and used. Will it be possible to develop more effectively health improving products? Or is this too difficult and will nutrigenomics be used as a commercial tool?

Ethics and uncertainties

Traditional ethics has not explicitly addressed uncertainties and how to cope with them, because it presupposes stable and fixed conditions, in which principles and norms could be upheld. In situations of fundamental uncertainty however, other perspectives, like deliberations, future explorations by scenarios of different moral screenplays and dramatic rehearsals seem to be more fruitful. We will analyse and evaluate several examples of these.
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