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1. Introduction 
Plant breeders’ rights are granted for varieties that are distinct, uniform, stable and novel. Moreover, a variety must be designated by a suitable variety denomination.  

Distinctness, Uniformity and Stability (DUS) are the technical preconditions for the granting of plant breeders’ rights to a variety, whereas novelty and a suitable variety denomination are of a more administrative nature.
The technical requirements are examined within growing tests - the so-called DUS-testing.

All three technical criteria form the basis to enable a variety to be clearly identified - a  prerequisite should a granted plant breeders’ right be infringed. A holder of a Plant Variety Right (PVR) can only enforce his right if he is able to prove that the plant material in question corresponds to his protected variety. 

The following lecture tries to illustrate the main features of the technical aspects for the granting of plant breeders’ rights in view of an eventual enforcement procedure.

The presentation therefore refers to

2. The definition of a variety

3. The characteristics 
4. The test guidelines as a common basis

5. The definition of the DUS criteria

6. New techniques 

7. Aspects related to Enforcement

8. Conclusions

2. The definition of a variety
The definition of a variety as formulated in the UPOV Convention states the following:

“variety“ means a plant grouping within a single botanical taxon of the lowest known rank, which grouping , irrespective of whether the conditions for the grant of a breeder’s right are fully met , can be
· defined by the expression of the characteristics resulting from a given genotype or a combination of genotypes,

· distinguished from any other plant grouping by the expression of at least one of the said characteristics and

· considered as a unit with regard to its suitability for being propagated unchanged.

This definition makes it clear that a variety is defined by its characteristics.

Only after a variety has been clearly defined by its characteristics as outlined in an application for a grant of plant breeders’ right, can an examination to ascertain the criteria of D, U and S be carried out. The characteristics of a variety consequently form the basis for the examination of distinctness, uniformity and stability.
3. Characteristics
An important element in the technical procedure of DUS testing is the nature of the characteristics used. 
Characteristics may be morphological, physiological, biochemical or of another nature, but they must be capable of being precisely recognized and described. There is no requirement to link it to the  value of the variety. Each of the characteristics used should :

- result from a given genotype or a combination of genotypes;
- be consistent and repeatable; 

- enable a differentiation to be made from varieties held in the
  reference collection;

- be capable of precise definition and recognition;
- ensure that individual plants within varieties display uniformity;

- allow the stability requirement to be fulfilled; 


- not be unduly costly or complicated to observe.
3.1 Types of expressions:
In DUS testing it is particularly important to be able to distinguish between different types of expression of characteristics. In general we distinguish between qualitative and quantitative characteristics. 

Qualitative characteristics are those that are expressed in discontinuous states, there being only a natural limit on the number of states of expression. The states are self-explanatory and are often controlled by just one gene.  Qualitative characteristics are not influenced by the environment, thereby rendering them quite useful for example for grouping or identification purposes. Unfortunately the number of such characteristics is rather limited.

Quantitative characteristics make up the majority of characteristics. They are those where the phenotypical expressions cover the full range of variation, and for the purpose of description that range of expression is divided into a number of states. These characteristics are polygenic and are variably influenced by environmental conditions.

4. Test-guidelines
In order to provide a common and harmonized basis for the undertaking of DUS-examinations, guidance has been formulated within guidelines. Such guidelines are in general established on the species level. UPOV has developed more than 200 such test guidelines which ensure harmonization on international level. The CPVO as well as national authorities have, based upon the UPOV guidelines, developed their own protocols for the most significant species. The CPVO protocols now form the common basis within the EU as regards the testing of candidate varieties in view of plant breeders rights’ and in view of the registration in national catalogues.
Apart from various other provisions, the list of characteristics may as a whole be considered to be the most important chapter in such a guideline.

All characteristics to be used for the DUS examination and description of varieties of a certain species are included in that well defined list. 
In the case of the CPVO protocols, the complete list of characteristics to be assessed is in fact compulsory.

The list of characteristics furthermore includes the state of expressions and corresponding notes for each characteristic, as well as example varieties and the stage of development of the plant material when the observation needs to be carried out.

Within an additional chapter explanations may be given which are useful for the understanding of the meaning of a certain characteristic, and eventual detailed (laboratory) methods to be used are described (e.g. in case of disease resistances).

In addition to the list of characteristics, the test guidelines contain provisions as regards the methods of observations, the trial design, decision standards and the requirements concerning the plant material to be submitted.
To summarize, the existing Test guidelines define precisely the framework in which a DUS test has to be carried out, and form the basis upon which to establish a variety description. 

Notwithstanding, some further aspects have to be taken into account with respect to the examination of Distinctness, Uniformity, and Stability.

5. The definition of the DUS criteria

5.1 Distinctness

The variety shall be deemed to be distinct if it is clearly distinguishable by reference to the expression of the characteristics that results from a particular genotype…. from any other variety whose existence is a matter of common knowledge at the date of filing an application.  
The reason for the above requirement is to ensure that the candidate variety can be identified amongst all other varieties whose existence is known. 
The definition of Distinctness implies that the difference amongst varieties must be clear in order to permit their identification, whereas the definition of a variety as stated in the UPOV Convention states that a difference is required in at least one of the expressed characteristics.
One can conclude from the aforementioned that not just any difference amongst two varieties may be considered as sufficient in order to establish distinctness.
The definition of distinctness makes it moreover clear that a phenotypic difference is required before one can conclude that a difference at the genetic level exists amongst two varieties.

It should furthermore be recognized that such a phenotypic difference may not necessarily be expressed in all environments.

5.1.1 Testing distinctness
As a general rule, the starting point for the comparison of a candidate variety are those varieties which are considered to be similar to the variety under test. Such similar varieties must be consequently identified and made available for the technical examination. 
Reference collections are accordingly held at examination offices for this purpose. In practice a reference collection may consist of living material or descriptive lists, or a combination of both.

The important aspect to bear in mind is that a reference collection being held in whatever form should allow the examiner to identify the closest existing variety to the candidate variety, so that they can be grown alongside each other in the field/glasshouse trial.

The UPOV convention does not define the term “clearly distinguishable” but some guidance is given in the general introduction, where it states that a variety may be considered to be clearly distinguishable, if the difference in characteristics is:
a) consistent, and
b) clear.

Whereas the determination of consistency requires that the characteristic generally has to be observed in at least two independent occasions, the determination of clear differences depends on a range of factors. These factors need to be taken into account when determining a minimum distance.
In case of qualitative characteristics, it is considered that there is a clear difference between two varieties if the respective characteristics show expressions which fall into two different states of expression.
In general there is no specification though as regards the difference required for distinctness in case of quantitative characteristics. In order to establish distinctness more than one note difference is often required as a minimum distance.
5.2 Uniformity

The variety shall be deemed to be uniform if, subject to the variation that may be expected from the particular features of its propagation, it is sufficiently uniform in its relevant characteristics

The uniformity requirement ensures that a group of plants belonging to the same candidate variety is identifiable.
The fulfillment of the uniformity requirement can consequently be considered as a precondition for the assessment of distinctness.
The requirement of uniformity is therefore applied to all characteristics which are useful in order to establish distinctness between two varieties. 
The definition of uniformity illustrates that when judging on uniformity one has to take into account the genetic structure of a variety which is intrinsic to the way of reproduction.

For vegetatively propagated and self-pollinated varieties it is usually possible to assess uniformity by identifying the number of different plants (“off-types”) within the sample being tested.

In cross pollinated varieties the variation is wider and it may sometimes be difficult to distinguish off types. Therefore no fixed tolerance levels have been determined but relative tolerance limits are used to judge against comparable varieties already in existence.

It can be concluded that an insufficient level of uniformity, or otherwise expressed, a high level of heterogeneity of a protected variety compared with similar varieties of the same species weakens the protection, since it opens the door for the selection of new distinct varieties within the protected variety. 
5.3 Stability

The variety shall be deemed to be stable if its relevant characteristics remain unchanged after repeated propagation or in the case of a particular cycle of propagation at the end of each cycle.

The stability requirement assures that the variety remains identical, in the sense that it remains unchanged in relation to the official variety description. 
It is obvious that this criterion is difficult to evaluate during the DUS –examination since this generally only lasts 1- 2/3 years for most species. In general an assumption is made that if a submitted sample of the candidate variety has been shown to be uniform, the material can also be considered to be stable. The reproduction mode as well as the varietal structure of the candidate variety are taken into account when making the assumption.

A true evaluation of stability of a variety is only possible in the long run. In practice this may occur for instance when plant material of a protected variety needs to be replaced in living reference collections. At that time a judgment as regards stability can be made when making a comparison of the new representative sample of the variety in relation to the the old one.
A similar situation occurs when the examination office requests plant material of a protected variety from the breeder for reference purposes (e.g. in the absence of living reference collections) in the auspices DUS examination. Such reference sample needs to be identical to the variety description as made at the time when the right was granted.
It should nevertheless be stated that it remains the responsibility of the holder of a right to maintain the variety in conformity with the official variety description. If a variety is drifting genetically or if it has been further “improved”, the holder will be unable to exercise the right granted on the basis of the original description.
6. New techniques in DUS testing
The development of new technologies (protein electrophoresis, but in particular molecular techniques) in recent years have led to the discussion on the possible use of such techniques in the field of PVRs and in the subsequent enforcement of PVRs. These discussions are ongoing.

6.1 Electrophoresis

The use of electrophoresis is currently implemented in several test guidelines. It is however not sufficient enough to establish distinctness based upon electrophoresis alone. UPOV Members have agreed to use it only as supporting evidence and only if the genetic background is known. 

6.2 Molecular techniques

In the framework of plant variety testing, it is hereby understood that this mainly relates to PCR based techniques such as microsatellites, though more recently there have also been the development of SNPs.

The question as to the possible use of molecular techniques in DUS testing is discussed at the UPOV level in the BMT group (Biochemical and Molecular Techniques). This group is composed of experts from both the DUS field and from laboratories. It has created subgroups in which specific questions on species level are discussed. In addition UPOV has set up the so-called BMT Review Group. This group considers the technical issues raised under the legal aspects of the UPOV Convention. 

Until now the BMT review group has agreed upon the following options concerning the use of molecular techniques in DUS:

1. Option 1: If a gene specific marker for its phenotypical expression is available, this can be used in DUS testing (example: herbicide resistance)

2. Option 2: Where a calibration of threshold levels for molecular characteristics can be established against the minimum distance in traditional characteristics (prediction of the phenotypical expression of a variety), this can be used. This has to be developed on a species by species basis, and for the time being its use is only foreseen for the management of reference collections.

As regards a third option, where the use of molecular markers as new (additional) characteristics has been mentioned, no agreement has been reached, and the CPVO is of the opinion that this option is not applicable for DUS examination in the framework of the Community rights system.
The CPVO is of the opinion that the use of molecular markers as characteristics in order to establish distinctness would create the risk of having an enormous number of characteristics, thereby allowing the discrimination of a high number of varieties with the consequence of a reduction of distances between varieties. This would weaken and undermine the present plant variety protection system. 

However, for the management of reference collections, molecular techniques could offer a powerful tool in order to improve efficiency and reduce costs in the light of the ever-increasing number of varieties in common knowledge. Notwithstanding, additional experimental work still needs to be undertaken in that respect!
The need expressed by breeders as regards the use of such new techniques in respect of the identification of varieties after a protection has been granted to a variety has been taken up in the discussion at the level of the UPOV BMT Review Group. 

6. Enforcement of PVRs

As outlined in previous chapters, a protected variety is defined by its variety description established according the corresponding protocol at a certain location. These conditions have to be taken into account when a title holder has to enforce his rights.

What does this mean in practice? 

Plant material which is supposed to infringe an existing Right needs to be grown side by side with the reference material of the protected variety. Ideally this should be done at the same testing station where the DUS test for the protected variety had taken place. This is more important for species grown in open field conditions than for species which are grown under a controlled environment.

The assessment of the phenotype of the two samples is carried out by using the morphological characteristics applicable at the time according to the protocol under which the DUS test for protection of the variety took place.  After one growing cycle it should be possible to state whether the “infringing material” belongs within the scope of protection of the protected variety or not.

Such test can be time consuming, whereas title holders are interested in obtaining results rapidly in order to enforce their rights. 

In that framework, several breeders’ representatives had proposed to the CPVO to examine the possibility of attaching a DNA fingerprint profile to the official variety description. This could enable titleholders to run a rapid analysis. The CPVO has expressed sympathy for such an approach, but the conditions and the detailed implementation of such a possibility still need to be discussed.

8. Conclusion

A high quality DUS test carried out on a candidate variety is essential for the strength of protection and subsequent enforcement of plant breeders’ rights. Under these conditions, the composition of the reference collections and the strict application of the test guidelines are crucial since they form the basis for the variety description which officially defines the protected variety. 

New techniques in DUS testing as well as in the identification of varieties in the framework of the enforcement of plant breeder’s rights could help to improve speed and efficiency. Such new techniques should only be introduced however after careful assessment of the impact on the strength of protection on a proven well functioning system of plant variety protection.
