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Background
To be officially registered and therefore to acquire the right to be called “a cultivar”, any 

newly bred common wheat genotype must pass a series of tests to confirm that it fits three 
requirements (called “DUS”-it must be genetically Distinct, Uniform and Stable). One of the 
more important of these requirements is that the candidate cultivar should be composed 
of genotypically identical homozygous individuals (seeds, plants). Thus, SW genotypic 
uniformity is one of the more important definitions of the officially registered cultivar [1]. 
The DUS procedure provides a basis for protecting the intellectual property of the breeder for 
a given cultivar [1-3].

History and Advances
Once any new wheat genotype has passed the tests of DUS, and is called “a registered 

cultivar”, it will be always treated as being composed of genotypically identical homozygous 
individuals and its uniformity will be accepted as a self-evident truth. However, there is a 
multitude of previous (“aged”) data certifying the intra-varietal non-uniformity of registered 
wheat cultivars, based on studies of polymorphic storage proteins of wheat grain [4-11] and 
of grain enzymes [12,13].

The non-uniformity of a cultivar (the concept is internally contradictory) may occur in 
two broad categories, authentic biotypes (genuine progeny from the original parental lines) 
and “foreign” seeds (originating from out-crossing or from mechanical admixture with foreign 
genotypes). The way to distinguish authentic biotypes from foreign seeds is the comparison 
of sets of alleles present in a non-uniform cultivar and in its parental cultivars. To do that, 
high-resolution genetic markers are needed.

In common wheat (Triticum aestivum), that requirement can be provided using the 
enormous polymorphism of the seed storage proteins, which provide multiple allelism at 
several gliadin-encoding (Gli) loci (from 16 to 44 alleles at each of the six major Gli loci are 
known). Thus, it is possible (theoretically) to distinguish more than a billion homozygous 
genotypes [14]. Using alleles at the Gli loci as genetic markers, it is possible to prove that any 
non-uniformity of registered cultivars is due to the presence of authentic biotypes (genotypes 
that originated from the initial cross, namely sister lines), but not to any type of admixture or 
error [15].

As a result of analyzing the gliadin genotypes of 8-10 individual seeds in each of 450 
registered cultivars from 12 countries, an unexpected finding is now emerging that many 
(from 16% to 70% of registered varieties per country) of these cultivars are composed of 
multiple but authentic biotypes [16]. Equivalent findings have emerged from parallel studies 
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involving microsatellite markers; for example, 74% of Bulgarian 
cultivars were non-uniform at least at one of 19 markers used, 
although the origin of this non-uniformity (authentic biotypes or 
foreign seeds) was not analyzed [17].

Outlook
The current Plant Breeders’ Rights rules have the strict demand 

for each cultivar to be genotypically uniform. Nevertheless, many 
registered cultivars have been found to be composed of multiple 
biotypes (although in many cases authenticity may have been 
demonstrated with respect to origins from the original cross). 
The presence of hidden (morphologically identical) biotypes, even 
as sister lines, may provide agronomic advantages for a cultivar, 
for example, improving its adaptability to the agro-ecological 
conditions of growth. Therefore, the demand of being “Uniform” 
may impose an unintended penalty on breeders, requiring yet a 
further hurdle in the processes of selection and registration of 
novel genotypes. There may thus be a need to re-evaluate relevant 
rules of cultivar registration for crop species in general.

References
1. Сooke RJ, Wrigley CW (2004) In: Encyclopedia of grain science. Elsevier 

Ltd, Oxford, UK, 3: 314-321.

2. Cooke RJ (1995) In: Identification of food-grain varieties. Wrigley CW 
(Ed.), AACC, St Paul, Minnesota, USA, pp.1-17.

3. Law JR, Donini P, Koebner RMD, Reeves JC, Cooke RJ (1998) DNA 
profiling and plant variety registration. III: The statistical assessment of 
distinctness in wheat using amplified fragment length polymorphisms. 
Euphytica 102: 335-342.

4. Appleyard DB, McCausland J, Wrigley CW (1979) Checking the identity 
and origin of off-types in the propagation of pedigreed wheat seed. Seed 
Sci Technol 7: 459-466.

5. Wrigley CW, Autran JC, Bushuk W (1982) Identification of cereal 
varieties by gel electrophoresis of the grain proteins. Adv Cereal Sci 
Thecnol 5: 211-259.

6. Lawrence GJ (1986) The high-molecular-weight glutenin subunit 
composition of Australian wheat cultivars. Austr J Agric Res 37(2): 125-
133.

7. Pogna NE, Mellini F, Baretta A, Peruffo ADB (1989) J Genet Breed 43: 
17-24.

8. Gupta RB, Shepherd KW (1990) Two-step one-dimensional SDS-PAGE 
analysis of LMW subunits of glutelin. Theor Appl Genet 80: 65-74.

9. Morgunov AI, Rogers WJ, Sayers EJ, Metakovsky E (1990) The high-
molecular-weight glutenin subunits composition of Soviet wheat 
varieties. Euphitica 51: 41-52.

10. Graybosch RA (1992) High molecular weight glutenin subunit 
composition of cultivars, germplasm and parents of U. S. red winter 
wheat. Crop Sci 32(5): 1151-1155.

11. Sobko TA, Sozinov AA (1999) Analysis of genotypic structure of common 
wheat cultivars licensed for growing in Ukraine using genetic markers. 
Tsitol Genet (Kiev) 33(5): 30-41.

12. Chojecki AJS, Gale MD, Holt LM, Payne PI (1983) The intrachromosomal 
mapping of a glucose phosphate isomerase structural gene, using allelic 
variation among stocks of Chinese Spring wheat. Genet Res 41(3): 221-
226. 

13. Illichevsky NN, Upelniek VP, Metakovsky E (1992) Genetika (Rus) 28: 
97-110.

14. Metakovsky E, Melnik VA, Rodriguez Quijano M, Upelniek VP, Carrillo 
JM (2018) A catalog of gliadin alleles: Polymorphism of 20th-century 
common wheat germplasm. The Crop J 6(6): 629-641.

15. Metakovsky E, Melnik VA, Pascual L, Romanov G.A, Wrigley CW (2019) 
Types, frequencies and value of intra-varietal genotypic non-uniformity 
in common wheat cultivars: authentic biotypes and foreign seeds. J 
Cereal Sci 89: 102813.

16. Metakovsky E, Melnik VA, Pascual L, Wrigley CW (2020) Over 40% of 
450 registered wheat cultivars (Triticum aestivum) worldwide are 
composed of multiple biotypes. J Cereal Sci (in press).

17. Landjeva S, Korzun V, Ganeva G (2006) Evaluation of genetic diversity 
among Bulgarian winter wheat (Triticum aestivum L.) varieties during 
the period 1925-2003 using microsatellites. Genet Res Crop Evol 53: 
1605-1614.

For possible submissions Click below: 

Submit Article

https://link.springer.com/article/10.1023/A%3A1018318701458
https://link.springer.com/article/10.1023/A%3A1018318701458
https://link.springer.com/article/10.1023/A%3A1018318701458
https://link.springer.com/article/10.1023/A%3A1018318701458
https://www.publish.csiro.au/cp/AR9860125
https://www.publish.csiro.au/cp/AR9860125
https://www.publish.csiro.au/cp/AR9860125
https://link.springer.com/article/10.1007/BF00224017
https://link.springer.com/article/10.1007/BF00224017
https://link.springer.com/article/10.1007/BF00022891
https://link.springer.com/article/10.1007/BF00022891
https://link.springer.com/article/10.1007/BF00022891
https://acsess.onlinelibrary.wiley.com/doi/10.2135/cropsci1992.0011183X003200050018x
https://acsess.onlinelibrary.wiley.com/doi/10.2135/cropsci1992.0011183X003200050018x
https://acsess.onlinelibrary.wiley.com/doi/10.2135/cropsci1992.0011183X003200050018x
https://www.sciencedirect.com/science/article/pii/S2214514118300266
https://www.sciencedirect.com/science/article/pii/S2214514118300266
https://www.sciencedirect.com/science/article/pii/S2214514118300266
https://www.sciencedirect.com/science/article/abs/pii/S0733521019304485
https://www.sciencedirect.com/science/article/abs/pii/S0733521019304485
https://www.sciencedirect.com/science/article/abs/pii/S0733521019304485
https://www.sciencedirect.com/science/article/abs/pii/S0733521019304485
https://link.springer.com/article/10.1007/s10722-005-8718-4
https://link.springer.com/article/10.1007/s10722-005-8718-4
https://link.springer.com/article/10.1007/s10722-005-8718-4
https://link.springer.com/article/10.1007/s10722-005-8718-4
https://crimsonpublishers.com/online-submission.php
https://crimsonpublishers.com/online-submission.php
https://crimsonpublishers.com/online-submission.php

	Registered Crop Cultivars Composed of Multiple Biotypes: What About “DUS” rules?
	Background
	History and Advances
	Outlook
	References

