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Recommendations 
1. Scientific directions to investigate 

1.-1 Adult development and stem cells 
Development is the phenomenon that leads from fecundation to adulthood. However, it is now 

clear that development also continues throughout adulthood via silent embryogenesis. 

Consequently, the knowledge acquired by developmental biologists has very important 

consequences for physiology and pathology. In many cases, new light can be shed by 

considering diseases from the point of view of a malfunction in adult developmental 

processes. Stem cells are at the heart of this approach, with questions regarding their role (in 

particular in the brain) and their therapeutic use. 

 

Tissues with high turn-over rates contain stem cells to generate and replace differentiated cells 

when they die. Thus, hematopoietic stem cells (HSC) lead to a diverse progeny that includes 

red blood cells, granulocytes, lymphocytes, macrophages and platelets. Bone marrow cell 

injections can rescue damaged blood tissue because of the presence of HSC, for example in a 

patient who has undergone radiation treatment to eliminate cancer cells.  

 

However, not all tissues contain stem cells that are capable of producing the appropriate 

progeny. Even when they are present, stem cells may be either incapable of moving and 

binding to the site that needs repair or they may be genetically defective. It is hoped that these 

diseases can be treated by introducing functional stem cells. The main problem is the 

availability of such cells. They are difficult to identify and isolate because they lack 

distinctive characteristics and are always scarce. 



 

There are two hopeful areas of research. The first relies on the possibility of diverting stem 

cells of a given tissue from their intended destiny. Easy to isolate stem cells could then be 

used to rescue a completely different type of tissue. Thus, the differentiation of hematopoietic 

stem cells into neurons might be possible. The second research area relies on the fact that, in 

the mouse, it is possible to isolate certain cells from young embryos, to culture them 

indefinitely in vitro under the form of undifferentiated cells (ES cells) and then to induce their 

differentiation along a  chosen pathway by introducing appropriate growth factors in the 

culture media or by in vivo transplantation. Human ES cell lines are now available in some 

countries. 

 

These two experimental approaches could yield the quantities of cells necessary for reparative 

medicine. In the case of ES cells, these cells would become available any time they are 

required. Diseases that are today untreatable could benefit from such a therapeutic approach. 

Neurodegenerative diseases, accidental damage to the nervous system, cardiovascular events, 

diabetes and muscle degeneration of genetic origin might be treatable in this way. This field 

of research, which is likely to lead to clinical applications in the near future, is a priority. The 

financial support needed is large and the French legislation must be modified. Today, 50 000 

surplus embryos created through in vitro fertilization are preserved at low temperature 

although they are not destined to be reimplanted. Authorizing the creation of ES cell lines 

from these embryos is a measure that would allow French researchers and doctors to 

participate in this promising therapeutic approach. 

 

1.-2 The Evo/Devo gene networks 

Among the recent and astonishing advances in biology, the first remarkable result has been 

the large number of genes that are highly conserved among species. Among such highly 

conserved genes are the genes involved in developmental processes and in signaling 

pathways. Such conservation should make it possible to investigate the modifications that 

give rise to new living forms, opening the way to a form of experimental evolution. In short, 

the Evolution/Development field so well represented by our late colleague and friend André 

Adoutte should be strongly supported. 

 

Genes do not function in isolation. They are part of networks that have yet to be completely 

identified. From this point of view, recent techniques in functional genomics will allow not 



only the identification of these networks but also of agents that are capable of modifying the 

activity of these networks. It should be stressed that because many developmental genes are 

associated with genetic diseases or with phenotypic copies of such diseases, the identification 

of networks and agents capable of regulating these diseases in a coordinated manner are of 

real medical interest. 

 

Such a research program requires that the deciphering of many genomes be continued. The 

choice of the genomes to be sequenced represents an important decision in scientific politics 

and needs to be examined closely. In the same general field, regulatory sequences need to be 

identified and an important effort will have to be made concerning the role and structure of 

chromatin during gene expression and “epigenetic memory”.  

 

1.-3 Resurrecting old concepts. The example of gradients and fields 

Certain old concepts were buried because at the time, no tools were available to enable their 

serious investigation at the cellular and molecular levels. A good example is that of 

morphogenes, gradients and morphogenetic fields. Much remains to be explored, without 

forgetting the concepts formulated before, sometimes over fifty years ago. 

 

1.-4 Developmental genetics and physiology 

In the case of the development and evolution of the brain, an important research area concerns 

the correspondence between the various compartments that have been established during early 

development (before E10 in mouse) and the future functional regions, such as those defined 

by the Brodmann areas that have been characterized both anatomically and physiologically. 

Such “relationships” between developmental biology and physiology are numerous. It is only 

regrettable that reasons that are not at all scientific have led to an opposition between the 

fields of genetics and physiology. In fact, we think it is useful to support initiatives that bring 

together these two fields of research. Developmental biology and physiology can only gain 

from such an interaction. For example, interfering with the expression of a gene in vivo at a 

given spatial and temporal point is an exquisitely subtle and precise way to achieve the 

modification of an internal environment. 

 

As for plant biology, French research is lagging behind. There are too few French researchers 

of international status in this field of crucial fundamental and applied interest. Furthermore, 

research can only be carried out on a small number of model species among which is 



Arabidospis. Agronomical applications require several years for development. This explains 

in part why attracting financial support for this field is difficult at the political level. Today, 

the greater part of the research effort is being carried out by emerging groups who require 

reinforced support to make them competitive compared to the United States. Their integration 

into research networks mainly based in Switzerland, Germany and the Netherlands should be 

encouraged. This was the case for several years under the form of European networks that 

were renewed within the EU “Framework Programmes” (FP 2 to 5). The change in direction 

of the politics of the DG12, in part linked to the fear of GMOs, has resulted in a halt of 

European support for plant genomics and these different research networks. As a 

consequence, this has led to an alarming research deficit compared to the United States. 

 

1.-5 Post-transcriptional regulation 

Particular attention should be given to post-transcriptional regulation (messenger transport 

and stability, translation initiation, post-translational stability and modification of proteins). A 

bigger effort should be made towards understanding the role of complex sugars and lipids. 

These molecules have been neglected because of the difficulty associated with their 

biochemical analysis. 

 

1.-6 Emerging questions 

• The way living organisms measure time, i.e cyclical phenomena, and duration. Model 

systems exist that render the study of this question possible at the genetic level (among 

which are clock genes and small RNAs) and at the cellular level. Collaborations with 

physicists would certainly enrich the exploration of these questions. 

• Organelle biology and the exchange between compartments. The study of apoptosis 

has shown the importance of these two fields of investigation beyond their 

involvement in respiration or photosynthesis.   

• The areas of molecular engines and membrane trafficking are themes that will play a 

crucial role in the years to come, not only for the understanding of living systems, but 

also in technology and applications. General principles regarding their organization 

are indeed emerging. The conclusions stemming from these studies should be 

applicable to many other areas of cellular biology.  

• Membrane, cytoplasm and nucleus relations, and more generally the question of cell 

dynamics. Within the framework of this theme, we can again cite as examples the 



various mechanisms of quality control, translational regulation and post-translational 

modifications. 

• Understanding the signaling pathways is of fundamental importance for the 

development of new diagnostic and therapeutic strategies. The studies on the control 

of cell proliferation and apoptosis which have led to the development of new anti-

cancer drugs such as tyrosine kinase inhibitors are one example. 

• Why do some plant species retain viable stem cells for several thousands of years? 

This capacity overwhelmingly exceeds that of animal stem cells. The reason for this 

difference is unknown. 

• Why are plants capable of giving rise to new cells from live differentiated cells and to 

regenerate fertile whole plants? This property, designated totipotency, gives plants 

unique properties, such as vegetative multiplication. Totipotency has allowed the 

successful development of transgenesis in numerous species. The mechanism of 

totipotency has not yet been elucidated. 

 

2. Organizational obstacles that must be overcome 

2.-1 Technological development 

Our effort regarding technology must be stressed. We do not question the necessity of 

investing more in the state-of-the-art technologies, and above all to developing such 

technologies through research, but we think it is dangerous to favor technical approaches and 

assume that the rest will follow. This trend has lately become increasingly predominant for 

justified reasons. On the one hand there is the necessity for organizing research around 

technical facilities and on the other hand the cost of such installations. However, care should 

be taken so that such technological approaches should not turn away imaginative scientists 

from their true mission.  

 

We recommend supporting a politics of technological innovation in order to bring our country 

back into the competition, for example, the development of technologies that enables 

researchers to follow biological phenomena in real time (movement of a molecule, 

measurement of a reaction). To achieve such developments, we should stress the importance 

of the interactions between chemists and physicists who are the only scientists capable of 

developing the probes and systems required for optical analyses (imaging) that allow such 

probes to be detected within the living cells of whole organisms. 

 



It is crucial that interactions between fields should not be limited to physics and chemistry. 

For example, mathematics and computer sciences can contribute essential tools for modeling 

and calculations. 

 

2.-2 Sharing of tools 

The relatively small scale of French research groups is an obstacle towards the 

implementation of genomics and imaging methods which require large-scale human and 

technological investments. These investments are usually awarded within the framework of 

much bigger structures (institutes, IFR, ...). Due to conservatism and procedural ease, 

scientific evaluation in France gives priority to these types of structures when awarding 

financial support and targets only indirectly specific groups and projects.   

 

Because of the high costs of these installations, it is normal to open them for communal use 

and this trend must be continued. However, the implementation of this concept should be 

different according to the type of tool (the sharing of a “chip” facility and that of an animal 

facility do not involve the same constraints). 

 

Current efforts (such as genomics facilities, cancer facilities, greenhouses for transgenic 

plants, databanks, tissue and cDNA banks, mutant collections) should be encouraged, but 

other programs should also be implemented (such as siRNA banks and GFP constructs). 

 

2.-3 Research partners 

2.-3.1 Teaching 

France is the only European country suffering from a dichotomy between universities and 

research institutes and organizations. 

The statute of teacher-researcher and the hiring process, which is often biased towards local 

candidates, no longer meets the requirements for recruiting high quality personnel in a context 

of international competitiveness and the extension of university teaching on an European 

scale. It should be normal that researchers from EPST institutes (scientific and technological 

public institutes) participate in teaching and not only in teaching in the 3rd cycle (doctoral 

thesis years). The requirement for a participation by teacher-researchers in the first cycle (first 

three years of university) is linked to the implementation of a university reform of the 

License-Master-Doctorate system. 

 



2.-3.2 Hiring of EPST and post-doctorates 

Hiring should be based on the idea that any titular researcher who is recruited should be 

responsible for a scientific project as soon as possible. Consequently, in addition to current 

hiring practices, the newly hired scientist should receive strong support at the CR1 level on 

the basis of a research project (of the ATIP/ACI/AVENIR type). Newly constituted groups 

should be evaluated every 4 or 5 years with an appropriate financial support given as a 

consolidated budget. 

 

The current system moves in the right direction by allowing the creation of young groups, but 

does not allow for the participation of post-doctorates who provide most of the research effort 

in comparable groups in other countries. Unless post-doctorates are allowed to contribute, this 

positive trend will turn itself around, emptying the laboratories of its best elements, and thus 

depriving all groups (new and old) of an important workforce to the benefit of our foreign 

colleagues. 

 

2.-3.3 Financing 

Sources of financing are becoming very sparce (EPST, ministry, various contracts). This 

dispersion facilitates neither the management of the means nor the visibility of the programs. 

We regret the lack of an European Scientific Research Council modeled after the NIH or the 

NSF to which fundamental research projects could be submitted for review without having to 

go through the exceedingly heavy administration of the European Union. 

 

 Until recently, research fields linked to developmental biology have not benefited 

from theme-based support over a period of several years. The need for durable support should 

be stressed. 

 

 The current trend is towards support of priority topics that are capable of arousing 

public charity. Developmental biology does not fall into this category and thus suffers 

financially from this situation in spite of the fact that in recent years it has been one of the 

most active frontiers in biology and is necessary to the progress of other fields. This 

developmental point of view should be stimulated; it helps mould new concepts in all the 

other fields, but does so much slower in France than in other countries.  

 

2.-3.4 Brain drain 



Brain drain occurs at two levels. The first is the departure of post-doctorates who do not come 

back. The outgoing flow is not compensated by an incoming flow of equal quality. The very 

high quality of our students and new PhDs is recognized by our foreign colleagues. Hence, the 

loss of these young researchers is all the more prejudicial to French science.  

 

The second level of brain drain is the departure of established researchers (around 40 years-

old). These departures have diverse causes, among which are the inadequate structures of 

French research and the low level of salaries. This last point also blocks the arrival of foreign 

researchers. Another point of blockage is the complexity of the steps required to obtain a 

position of responsibility. In any other country, only one person (the department head in the 

Anglo-Saxon sense of the word) is required to negotiate package offers (number of research 

positions, post-doctorates, engineers, technicians and administrative personnel; surface area of 

the laboratory...) with the future scientist during the hiring process.   

   


