IV.1 Intellectual Property Rights in the Field
of Molecular Marker Analysis

P. JorascH'

1 Introduction

Intellectual property rights - and especially patents - become more and more
important in biotechnology as there are many industrial applications with
high economic value. The economic value of biotechnological inventions,
especially in the field of agrobiotechnology, is increasing with the worldwide
expansion of the cultivation of transgenic plants (Herrlinger et al. 2003).
Beyond this, patents on plant-related inventions can influence the funding
that is available for research, in particular in the private sector of biotechnol-
ogy (Fleck and Baldock 2003). Conventional (non-transgenic) plant breeding
and plant breeding research is also strongly influenced by biotechnological
processes and methods. One tool that has found its way into conventional
plant breeding is molecular marker analysis of significant traits (e.g. resis-
tance against pathogens, yield) or DNA fingerprinting with the help of
molecular markers to obtain information on the relationship between indi-
vidual plants. Moreover, with the improvements in our understanding of the
genomes and in our knowledge of the relations between genotype and phe-
notype in economically important crops, this tool will become more signifi-
cant in practical plant breeding. The importance of molecular marker analy-
sis for the different applications was recognized very early so that many pat-
ents have been filed in the last 10-15 years. For scientists in all institutions,
public or private sector, an understanding of intellectual property rights
(IPRs) is fundamental in both research and development (Kowalski et al.
2002), but many scientists are still not aware of the rising number of patents
in this field. This chapter will give an overview of patents for methods and
applications in the field of microsatellite markers or simple sequence repeat
(SSR) markers.
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2 What Is a Patent?

Patents are granted for inventions that are new, involve a creative step and
can be applied in industry. A patent gives its owner the exclusive monopoly
to use his invention, preventing others from using it without permission for
a certain time (Shear and Kelley 2003). This means that if someone wants to
use a patent-protected invention, the permission for use (license) must be
obtained from the patent owner. One exception where the user of a protected
invention does not need the permission of the patent owner is the so-called
research exemption [e.g. §11 (2) of the German Patent Law]. It allows license-
free activities concerning the improvement or testing of patent-protected
inventions. Use of patent-protected inventions in research and development
under the provisions of the patent, however, does not fall under the research
exemption and is dependent on the permission of the patent owner. In most
countries, patent specifications are published 18 months after the application
date. The different patent offices, but also private companies, provide online
patent databases that can be searched by different keywords. The results of
such a patent investigation, in which different keywords concerning micro-
satellite marker analysis were used, are provided here.

3 Microsatellite or Simple Sequence Repeat Markers

When considering a typical experiment regarding molecular marker analysis
with microsatellite markers, one can divide this experiment into different
steps (Fig. 1). Starting with the plant and the extraction of its DNA, in some
experiments, the DNA is cut by restriction enzymes. After this step, specific
primers are used to perform a PCR reaction. The resulting PCR fragments
can be analysed by different methods like gel electrophoreses, mass spec-
trometry or micro-array analysis. This analysis will provide information on
specific traits of different plants for marker-assisted selection or on their
genetic relationship to each other (fingerprinting).

An investigation of the patent specifications that have been filed in this
field shows that there are many patents claiming different steps of this typical
marker experiment. Figurel shows some of these patents and indicates
which step of the experiment is claimed.
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Fig.1. An overview of a typical microsatellite marker experiment and some sample patents that
are relevant for the different steps of such an experiment. Patents are indicated by numbers. The
experiment is divided into different steps. Starting with the isolation of DNA of a plant, the
DNA is sometimes cut by restriction enzymes. After the selection of specific SSR primers, a
PCR reaction is carried out. There are different possible methods for the analysis of the result-
ing PCR fragments, here exemplified by gel electrophoresis (the fluorescent label of the PCR
product is indicated by ), mass spectrometry and microarray analysis. Molecular marker
analysis results in marker-assisted plant breeding. The numbers indicate patents that are rele-
vant for the different steps of the experiment. Numbering of the patents is in accordance with

the consecutive numbering of the patents in Table 1
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4 The Selection of Microsatellite Primers
and the PCR Reaction

Figure 1 shows two typical patents claiming primers for microsatellite marker
analysis. Patent No. 16 (Roder et al. 1997) claims specific microsatellite mark-
ers from Triticum aestivum. Patents claiming specific primer sequences for
marker analysis have become rare in the last few years. The problem is that
patents are published 18 months after their registration (Art.93, European
Patent Convention). After publication, the owner of a patent has difficulty
controlling whether someone unauthorized is using the patented primer
sequences illegally because the plant that was analyzed by the primers does
not show which primer was used for the analysis. As a consequence, primer
sequences as specific as that are normally not patented and thereby pub-
lished, but rather treated as a business secret that is licensed to users. This
gives the inventor a controlling mechanism for the use of his invention. In
contrast, patent No. 68 (Nagaraju 2003) claims a certain class of SSR primers,
the inter-simple sequence repeat-PCR primers. Here, the scope of protection
of the claim is broader, making it easier for the patent owner to control who
is using the invention.

After selecting the primers, the PCR experiment follows. Most research-
ers are aware of patents concerning PCR methods. The basic patents on
PCR were registered in 1985. Patents No. P1-P3 (Mullis 1992; Mullis et al.
1992, 1993) in Fig. 1 indicate these basic patents owned by Hoffmann La
Roche. A license for PCR can be relatively easily obtained by buying a
licensed polymerase and a licensed thermocycler. As there are also many
cheaper non-licensed polymerases and thermocyclers on the market, the
manufacturers indicate in their instructions for use that the product is not
licensed for performing PCR reactions. Meanwhile, there are many other
patents concerning registered PCR methods. These patents claim special
polymerases or methods like RT-PCR and quantitative PCR. They are not
listed in this context because their discussion would go beyond the scope of
this chapter.

In the previous paragraphs, patent specifications claiming the primer
sequences, on the one hand, and patent specifications claiming the PCR
method, on the other, were discussed. However, if one has a closer look, one
can also find patents claiming both steps, like patents No. 13 (Morgante and
Vogel 1997), 14 (Kuiper et al. 1997) and 55 (van Eijk et al. 2001; Fig. 1).These
patent specifications claim processes for detecting polymorphisms between
different samples of DNA. The processes comprise the amplification of
nucleic acid segments using defined primer sequences, sometimes starting
with the previous restriction of the DNA sample by restriction endonucle-
ases, and the ligation of certain adaptor sequences similar to the AFLP
(amplified fragment length polymorphism) approach. Patent No. 55 (van Eijk
et al. 2001) even claims a combined method between microsatellite and AFLP
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marker analysis using special RAMP primers (random amplified microsatel-
lite polymorphism primers) for the analysis of microsatellite sequences.

5 Analysis of PCR Products

Figure 1 shows three different methods for the analysis of the resulting PCR
products. The most common one, the analysis by gel electrophoresis, can also
be claimed by patents, if for example special fluorescent labels for detection
are used. Such a method is claimed by patent No. 41 (Shuber and Pierceall
2002). The claimed method comprises the PCR reaction with fluorescent
primers, the detection of the labelled extension products and the comparison
of the PCR product size.

A second method of analysis, mass spectrometry, is claimed by patent
No. 35 (Hillenkamp and Koster 1999). This patent generally claims the analy-
sis of nucleic acids by mass spectrometry in general, and not just for micro-
satellite marker analysis. For high-throughput analysis of probes, the micro-
array technique is preferred. This method is protected by a patent of Affy-
metrix, patent No4 (Fodor et al. 1998). This specification not only protects
the detection of microsatellites by microarray analysis, but also the detection
of nucleic acid sequences in general which comprises microsatellites. Mean-
while, there are other patents claiming further developments of this tech-
nique, but the discussion of these would also go beyond the scope of this
chapter.

Another high-throughput technique described in patent No. 18 (Olek 1996)
combines the method of mass spectrometric and microarray analysis of
microsatellite markers.

Patent specifications No.5 (Caskey and Edwards 1992), No.11 (Perlin
1995) and No. 65 (Saint-Louis and Paquin 2003; Fig. 1) summarize the com-
plete experimental process from DNA extraction to the analysis of the PCR
products, in which different PCR methods are combined, for example, use of
certain labelled nucleotide triphosphates and different analytical tools like
mass spectrometry or computer analytical tools.

6 Marker-Assisted Breeding Methods

The most comprehensive patent specifications claim complete plant breeding
methods in which molecular marker analysis is used. Examples are patent
specifications No.24 (Byrum and Reiter 1998), No. 34 (Beavis 1999), No. 47
(Jansen and Beavis 2001) and No.42 (Openshaw and Bruce 2001; Fig.1).
These comprise the previously mentioned experimental steps in that they
claim the association of the genotype with phenotypic traits of interest by
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molecular marker analysis. The patents differ in the selection of plant popu-
lations that are the basis for the analysis, the statistical methods applied in
the analysis and the integration of molecular biological techniques like
expression profiling of genes. The claims of these patents are not restricted to
microsatellite markers. They also comprise other well-known marker tech-
niques like AFLPs, RFLPs (restriction fragment length polymorphisms) or
RAPDs (random amplified polymorphic DNA). These patent specifications
were filed in the late 1990s and are still in the process of examination in
Europe. Details concerning the legal status of these patent applications are
shown in Table 1.

7 Conclusions

Molecular marker analysis is one of the most powerful tools in modern plant
breeding. However, as for most innovative applications, IPRs play an impor-
tant role. As shown above, the implementation of microsatellite marker anal-
ysis for plants is also strongly dependent on IPRs. To identify these rights, a
biotechnological process or method has to be dissected into its essential com-
ponents and processes, with each part to be analysed under the IP micro-
scope (Kowalski et al. 2002). This means that scientists must educate them-
selves on these issues so that they can make informed decisions regarding
their research practices (Kimpel 1999). Beyond this, patents describe the lat-
est inventions made by innovative researchers and companies and the publi-
cation of these patents guarantees their public availability. This, in turn,
allows the further development and improvement of these innovative tech-
niques.
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