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Abstract Plant geneticists consider molecular marker assisted selection a useful additional tool in plant
breeding programs to make selection more efficient.
Standards for organic agriculture do not exclude the
use of molecular markers as such, however for the
organic sector the appropriateness of molecular
markers is not self-evident and is often debated.
Organic and low-input farming conditions require
breeding for robust and flexible varieties, which may
be hampered by too much focus on the molecular
level. Pros and contras for application of molecular
markers in breeding for organic agriculture was the
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topic of a recent European plant breeding workshop.
The participants evaluated strengths, weaknesses,
opportunities, and threats of the use of molecular
markers and we formalized their inputs into breeder’s
perspectives and perspectives seen from the organic
sector’s standpoint. Clear strengths were identified,
e.g. better knowledge about gene pool of breeding
material, more efficient introgression of new resistance genes from wild relatives and testing pyramided genes. There were also common concerns
among breeders aiming at breeding for organic and/
or conventional agriculture, such as the increasing
competition and cost investments to get access to
marker technology, and the need for bridging the gap
between phenotyping and genotyping especially with
complex and quantitative inherited traits such as
nutrient-efficiency. A major conclusion of the authors
is that more interaction and mutual understanding
between organic and molecular oriented breeders is
necessary and can benefit both research communities.
Keywords Organic agriculture  Organic plant
breeding  Evaluation of molecular markers 
Marker assisted selection  SWOT analysis 
Low-input agriculture

Introduction
Lately, the amount of molecular genetic markers for
plant breeding relevant traits has increased. Plant
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geneticists and a growing number of plant breeders
consider molecular marker assisted selection (MAS) a
useful additional tool in plant breeding programmes to
optimize selection efficiency (Dwivedi et al. 2007; Xu
and Crouch 2008). However, although organic standards do not exclude the use of molecular markers as
such, for the organic sector the appropriateness of
molecular markers is not self-evident and is often
debated (e.g. Lammerts van Bueren et al. 2005). This
discussion is related to the fact that organic agriculture
(OA) not only refrains from the use of chemical
herbicides and pesticides and of mineral fertilisers,
but also of genetically modified organisms (GMOs).
These rejections are based on the basic values of
organic agriculture, formulated as four principles of
health, ecology, care and fairness (IFOAM 2005).
These principles are also related to the field of plant
breeding and provide guidelines for future development (Lammerts van Bueren et al. 2007; Wolfe et al.
2008; Dawson and Goldringer 2009; Grausgruber
2009; Luttikholt 2009). As a result, three types of
questions are often raised in debates to argue why
GMOs are not compatible with organic agriculture:
(a) the supposed health and environmental risks, (b)
the socio-economic threats of the dominance of
multinationals controlling the agro-food industry and
(c) the fact that GMOs are considered to be a product
from a reductionist approach of life (Verhoog 2007).
Although molecular markers are a diagnostic tool for
selection and therefore not directly interfering or
altering the genome at DNA level, still aspects related
to the above mentioned aspects (b) and (c) play a role
in the question whether molecular markers are an
appropriate tool in breeding programme for organic
agriculture (Lammerts van Bueren et al. 2005). The
conclusion of a European plant breeding workshop on
use of molecular markers organized in 2005 was that
MAS as a diagnostic tool can be useful for breeding
research, especially when monogenic traits are
involved (Lammerts van Bueren et al. 2005). Nevertheless, most of the participants agreed that, on the
short term, molecular markers would not be available
for the more complex traits that are of specific interest
for the practical breeding programmes for varieties for
organic agriculture, such as nutrient-efficiency and
weed suppressiveness. Therefore, phenotypic selection in the field was considered still to be the best way
to select for organic agriculture. Another aspect of
concern are the protocols during the development and
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application of molecular markers including chemical
substances and enzymes produced with GMOs. Such
chemicals and genetically modified enzymes are not
permitted according to the US and EU regulations for
organic agriculture including a limited list of permitted substances that can be applied (USDA 2002;
Council of the European Union 2007).
In the past few years, with the introduction of new
techniques for DNA extraction and high-throughput
equipment, the molecular marker technology has
evolved rapidly and practical breeders are gaining
experience in the application of molecular markers in
their breeding programmes. Furthermore, several
conventional breeders are getting interested in breeding for the organic sector and, therefore, want to
know to which extent molecular marker technology is
accepted in breeding for OA. Both aspects provided
sufficient reason to reconsider the potential role of
molecular markers in plant breeding for OA and lead
anew to the organization of a European workshop on
this topic (Østergård et al. 2009a).
This paper will discuss the role of molecular
markers and marker assisted selection in breeding
varieties for OA, based on the authors’ interpretation
of the results of that recent workshop. We will first
discuss what markers in general have to offer and
afterwards we will discuss statements from the
workshop grouped as strengths, weaknesses, opportunities and threats. The authors wish that this paper
will contribute to further discussion among breeders
aiming at breeding for organic and/or conventional
agriculture and (research) policy makers on the
potential role of molecular markers in crop improvement for organic, low-input agriculture.

What have markers to offer?
Since plant breeding by crosses and selection started
in the beginning of the 20th century, experienced
breeders know that certain phenotypically recognizable apparently neutral characteristics of a crop plant
with large probability coincide with specific expressions of traits of importance for the breeder. Thereby,
those characteristics ‘mark’ the desired or undesired
individuals and are called ‘phenotypic markers’.
Their function is based on genetic linkage between
the genes for the characteristics and the important
traits. As phenotypic markers are rather rare and not
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available in every segregating population, their scale
of application is limited. Therefore, the introduction
of protein-based markers (isozymes) was a considerable improvement as about 26 widely used detection
systems with up to ten loci per system became
available (Kephart 1990). First the discovery of DNA
markers, directly showing even unexpressed DNA
sequence differences at or nearby loci for genes of
interest, resulted in a (theoretically) unlimited number of potential markers (Lodish et al. 2004). Without
the knowledge of linkage to genes for specific traits
of interest (for the breeder) molecular markers can
still be used to determine the genetic relatedness
between two different individual plants or the genetic
diversity within a gene pool. Linkage analysis based
on the frequency of crossing-over events in segregating populations calculates the genetic distance
between markers relative to each other and between
markers and genes responsible for qualitatively
inherited traits. Thereby, extensive linkage maps
have become available for all major crops (Collard
et al. 2005). QTL analysis tests for trait differences of
individuals carrying different patterns of the same
marker in order to place gene loci for quantitatively
inherited traits on those maps. Thus, markers for
quantitative traits can be identified (Yin et al. 2003).
Even though increasing, the use of molecular markers
is still modest in plant breeding at present. One major
reason for this fact is the lack of appropriate markers
with high selective value for many of the traits of
interest for breeders (Tuvesson et al. 2009).
Four different developments have the potential to
further promote the use of molecular markers. They
are based on the increasing amount of sequence
information and marker density in the genomes of
important crop species, as well as progress in
knowledge of the physiological background of the
interaction of the plant with the environment: (a)
Instead of linked markers, functional markers move
into the focus of interest. Here, the difference in the
sequence is not only linked to the marker with the
specific trait expression, but directly responsible for
the change in trait (Andersen and Lübberstedt 2003).
Thus, linkage between marker and trait cannot be lost
and the marker is fairly independent from the genetic
background. (b) Associations between markers and
traits are calculated based on crossing-overs that
happened during the history of a certain gene pool.
They manifest themselves as linkage disequilibrium
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(LD) between the alleles of pairs of marker/gene loci.
Typically, so-called LD- or association-mapping is
used to identify QTLs. As many crossing-overs can
have happened during time, they have, on the one
hand, a higher resolution than QTL-mappings based
on segregating populations, but on the other hand,
linkage is only detectable through relatively short
parts of the chromosome. Consequently, a high
marker-density is necessary in these association
studies, but on the other hand the so detected markers
are valuable in a larger genetic background and there
is no need for crossing in order to produce segregating populations (Gupta et al. 2005). (c) Prediction of
the performance of a specific plant is based on the
pattern of all markers in that plant instead of on single
marker genes (Whole Genome Profiling) (Keygene
2009). This technique circumvents the need of first
defining QTLs before using markers in order to select
for complex traits. (d) For the case of quantitative
traits largely depending on environmental factors,
genotype 9 environment interactions are integrated
in the QTL analysis resulting in markers reflecting
the amount and direction of reaction of the plant to an
environmental input. Those markers are valuable
over a larger range of environments (Backes and
Østergard 2008).
Plant breeders use molecular markers for different
purposes. One application which is possible even
without the genetic mapping of markers, is the control
of genetic diversity within the pool of potential
crossing parents in order to assure highest possible
diversity within a cross, if several options are
available (Tuvesson et al. 2007). If the mapping
position of the marker is known and many parents and
their progenies are tested with markers, it is possible
to follow chromosome fragments in the pedigrees,
thereby identifying fragments conferring ‘positive’ or
‘negative’ characteristics (Tuvesson et al. 2007). In
MAS, the most straightforward application is to select
for an allele of a linked marker in order to select for
an allele of the linked gene (Collard et al. 2005).
Several genes contributing to one trait, e.g. resistance,
can be pyramided in one genotype by the use of
linked markers. In backcross-designs, a further
application is to speed up the process by selecting
only individuals with the highest amount of the
recurrent parent. Especially, with recessively inherited traits, slow and complex procedures using a
progeny test (selfing after each backcross and
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identification of homozygous recessive plants) were
required to track the target trait in each generation.
Using molecular markers also heterozygous plants
can be used for backcrossing until final selfing.
Moreover, MAS is especially valuable for traits that
are difficult or impossible to select e.g. in resistance
breeding programmes when natural infestation by the
pathogen is not available and/or artificial infestation
is prohibited, e.g. quarantine pathogens. Although the
above mentioned Whole Genome Profiling is to date
primarily applied in domestic animals, it can be
expected that also plant breeders will adapt that tool.
Keygene recently started to screen about 7,000
tomato landrace varieties for 20 different markers
(Keygene 2009). Further, it is possible to follow, by
genotype-specific markers, the development of evolving population such as composite-cross populations in
different environments (Lançon et al. 2008, Enjalbert
et al. 1999, Wolfe 2009).

SWOT analyses
Pros and contras for use of molecular markers in
breeding for OA were the topic of a recent European
plant breeding workshop (Østergård et al. 2009a).
The participants included scientists in the field of OA
and conventional agriculture, and practical breeders
involved in breeding for conventional and/or organic
agriculture. The number of participants (46) were
fairly equally divided over the different groups, and
included also a few policymakers from the agricultural sector. The authors of this paper were amongst
the participants.
At first, examples of MAS for wheat, potato and
tomato disease resistance as well as baking quality of
wheat were presented as well as the corresponding
organic breeding programmes. Then the participants
in mixed groups evaluated internal strengths (S) and
weaknesses (W), and external opportunities (O) and
threats (T) of the use of molecular markers using a
SWOT instrument (see e.g. Mollenhorst and de Boer
2004). In this way, people with different opinions on
the subject under study (use of molecular marker
technology in OA agriculture) could express their
opinion on helpful and harmful impacts on the
objective (more and better varieties for organic
agriculture) and ascribe them to internal or external
conditions.
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After the workshop, the authors divided the
specific statements from the group SWOT evaluations into those related to the perspective of a breeder
and those related to that of the organic sector
(Tables 1 and 2, respectively); this grouping was
done to clarify where issues and views overlapped
and where they differed.
In general, there was reasonable consensus among
the participants in identifying the different aspects of
strengths and weaknesses, opportunities and threats.
However, the weighting of the factors could differ
very much. For some of the participants the threats
were more of a concern and could be a reason for not
appreciating the opportunities, whereas others were
very positive about the strengths and seemed prepared
to find ways to cope with the weaknesses or threats.
In the following, we will further analyse and discuss
the main content of the tables. We have organized this
part as well as the SWOT tables according to the main
issues identified: breeding goals, selection method,
selection potential, technology potential, consequences
for breeders’ and farmers’ economy and societal consequences, respectively.
Meeting the needs of organic agriculture
Breeders stressed advantages of the use of molecular
markers to improve varieties for the organic sector
(Table 1, Strengths). Allowing the application of
molecular markers in breeding programmes to
improve varieties for OA, would allow a breeder to
combine breeding for OA with conventional breeding
programmes for low-input agriculture.
The participants from the OA could also see some
advantages of MAS as a non-GMO strategy to
improve the efficiency of breeding programmes for
urgently needed, better adapted varieties (Table 2,
Strengths). MAS may help to overcome some hurdles,
such as selection with pyramiding of (monogenic)
resistance sources for potato late blight which is very
difficult to achieve without molecular markers (Tan
2008). Phytophthora infestans is a real threat for OA
and resistant varieties would improve the position of
potatoes in organic farming (Lammerts van Bueren
et al. 2008; Vos 2009). Although horizontal resistance
with a polygenetic base is seen as more advantageous
in OA, it is also recognized that such is not in all cases
available or optimal (Finckh 2009). However, this
strategy of stacking genes has to prove itself as a

Research provides ecophysiological models being
developed and can support
complex trait improvement.

Complex trait with large GxE interactions
need breaking down into sub-parameters
independent of environmental influences.

Enables selection for pyramided genes.

Meeting the
needs of
organic
farming

Education and
communication

Competition and
costs

‘Clean’ approach
and evolving
technology

Better use of
genetic
diversity vs.
loss of
biodiversity
Many unknown traits/DNA sections which
have epistatic genetic effects may be
ignored.

Focus on too few major genes.

Too strong marker selection reduces the
variation left for selection for other traits.

The cheaper molecular marker technology becomes
the more attractive they will become to replace
laborious tests.

important to keep a good market share.

Acceptance of molecular technology in OA
requires good communication.

Molecular markers for complex traits are
costly to develop, and it is not always clear
if it will be successfully applied.

Public funding support
For the breeding company applying MAS
MAS can lead to more efficient use of the often
molecular genetic research.
there will be a need for personnel skilled in
limited available field facilities for selection due to
molecular science and statistics, and
prescreening in the lab.
molecular lab facilities.
Being the first to introduce a new trait is most

MAS enables speeding up the introgression of new
genes from wild relatives (without linkage drag).

Selection at gene Molecular information makes breeding more efficient For some traits MAS has not proven to be
more efficient and/or cheaper than field
and flexible (e.g. the breeder does not need one
or phenotypic
selection (example in text).
large base population but can maintain several
level
small base populations).
There will be a need to change breeding
scheme to benefit from the full potential of
Molecular knowledge of breeding lines allows
molecular markers.
breeders to make better decisions; this is obvious
for breeders experienced with molecular science.

MAS in breeding programs for OA will make it
possible for a breeder to use the same methods for
both the conventional, low-input and OA market.

Enables the use and maintenance of a diversity of
resistance genes.

Enables analysis of variation.

Opportunities

Weaknesses

Strengths

SWOT issues

Attention for molecular marker
development causes shift in student
education at the costs of education in
field selection skills.

Society’s expectations can be too high.

The increasing costs for breeding
companies forces them to merge together
and therefore threatens the diversity of
companies.

Patents will make application too
expensive.

Breeder cannot afford not to invest in MAS
as the competition among breeding
companies is strong.

Not all MAS methods will comply with the
regulations for OA e.g. when enzymes
made from genetically modified
organisms are involved.

Threats

Table 1 Results of a SWOT analysis on the use of molecular marker assisted selection (MAS) in breeding for organic agriculture (OA) from a breeder’s perspective
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Better use of
genetic
diversity vs.
loss of
biodiversity

Selection at gene
or phenotypic
level

Opportunities

Threats

MAS makes access to new genetic
MAS may focus too much on those genes
resources more feasible and
for which markers are available.
therefore improves the genetic
Uncharacterized genes may be
diversity by screening genetic
overlooked.
resources (introgression of new
Focus on single traits can lead to
quality alleles from wild relatives).
‘designed’ organic processing chains for
supermarket products neglecting small
organic industry’s possibilities with
different types.

Phenotypic selection is still needed for
performance under OA conditions.

MAS may to some extend replace field
selection.

Supports reductionistic and deterministic
view at the cost of a whole plant focus.

Uncharacterized genes may be
overlooked.

Diversity of genes is endangered when
patents make application too expensive.

Loss of global crop diversity when the
focus is mainly on improvement of
certain genes and the genetic
background is largely maintained.

Organic markets can grow
Company’s expectations can be too high.
due to availability of new
Research will focus on simple one-geneimproved and better adapted
one-trait markers.
varieties making overall
For some traits MAS has not proven to be
production costs and thus
MAS may speed up introduction of Applying single or few (major) genes is
more efficient and/or cheaper than field
also the consumer price
urgently needed improved varieties less sustainable than horizontal
selection (example in text).
lower.
with the important characteristics
(polygenetic) resistance.
Too much public money goes to
for OA.
Focus on limited quality traits can make
molecular research for traits not of
MAS provides an alternative, nondiet less diverse.
interest for OA.
GMO strategy to improve
With pyramiding resistance genes
OA needs more attention for complex
efficiency of breeding.
eventually all involved genes might
traits and research for quantitative
break down and this will eventually
resistance (QTLs) is too expensive.
result in a more rapid turnover of
Research money is allocated for major
varieties.
fields, and research for small markets
such as organic is lacking behind, e.g.,
OA processing systems (e.g. artisan
baker systems) differ too much from
large scale, industrialized systems to
profit from developed MAS, and need
different markers.

MAS allows pyramiding major genes As organic growing conditions are
which is a more sustainable/durable different from conventional growing
use of resistance genes than use of
conditions, the question is whether the
single major genes one by one.
same molecular makers can be used.

Meeting the
needs of
organic
farming

Weaknesses

Strengths

SWOT issues

Table 2 Results of a SWOT analysis on the use of molecular marker assisted selection (MAS) in breeding for organic agriculture (OA) from an organic sector perspective
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Acceptance of molecular technology in
OA requires good communication.

Education and
Interesting, convincing examples
communication (e.g. tracing stacked genes for late
blight in potato) of needs for
varietal improvement using MAS
should be emphasised to help
consumers accept molecular
technology in OA.

Consumer cannot understand and accept
MAS in OA as it is too much associated
with genetic modification.

Farmers cannot understand and accept
MAS in OA as it is too much associated
with genetic modification technology.

Attention for molecular marker
development causes shift in student
education at the costs of education in
field selection skills.

Seed prices will become higher when
Including high tech breeding
Too much public money goes to
more technology is applied in breeding. approaches (including MAS)
molecular research for traits not of
interest for OA.
Breeding will become more expensive so in OA might lead to higher
chances of funding than
MAS will not be accessible for small
OA needs more attention for complex
‘pure’ classical approaches.
breeders.
traits and research for quantitative
resistance (QTLs) is too expensive.
Choice of MAS development for
interesting traits is influenced by where
the (research) money is.

Threats

Competition and
costs

Opportunities

More and more the equipments Development of protocols not applying
for applying molecular
genetically modified enzymes is slow.
makers include protocols
without the use of hazardous
chemicals or contact to
chemicals.
In many cases MAS requires application
of enzymes that are usually made with
genetically modified organisms.

Weaknesses
In OA the use of chemicals is not
permitted and MAS requires a number
of chemicals for the development of
markers and the extraction of DNA
from samples as well as testing.

Strengths

‘Clean’ approach New developments of molecular
and evolving
maker technology includes less to
technology
no chemicals in the application
procedures.

SWOT issues

Table 2 continued
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durable resistance strategy and apprehensions were
expressed that a fail of this strategy would result in a
loss of several resistance genes at a time and an even
more rapid turn-over of varieties (Table 2, weakness).
Whether this strategy will be applicable in the late
blight case is still under discussion as the effectiveness of gene stacking for blight resistance in potato
remains uncertain due to the evolutionary potential for
rapid adaptability of P. infestans to host plants (Haas
et al. 2009).
There was not much discussion about the use of
molecular markers for specific monogenetic traits.
However, there was more concern about the efficacy
of molecular markers for quantitative traits. To create
conditions to optimise yield stability and good
quality, OA is stressing more emphasis on achieving
varieties adapted to low-input growing conditions.
The low-input management of OA results in a larger
influence of varying environmental conditions (in
time and geographically) on crop performance. To
cope with varying environmental conditions, adaptive
and robust varieties are required (Lammerts van
Bueren et al. 2002, Wolfe et al. 2008). Specific for
organic, low-input farming methods is the need for an
adapted plant architecture above and below ground
resulting in e.g. improved weed competitiveness and
nutrient efficiency (e.g. Mason and Spaner 2006;
Østergård et al. 2007). Traits such as nutrient
efficiency are quantitative traits largely influenced
by environment and management. Especially for such
complex traits, the representatives of OA feared that
marker research is too complicated and expensive
(Table 2, Weaknesses). Further, there was the concern that markers developed under and for conventional conditions might not be effective, when applied
in an organic context (Table 2, Weaknesses), e.g.
with respect to markers for baking quality. First of all
the baking procedures in the organic sector differ to a
large extent from conventional baking that relies
mainly on industrial baking procedures. Many
organic bakeries do not work with frozen dough as
the industrialized bakers do, so organic baking
procedures require dough with less strong glutenin
types. Thus the required phenotype in organic bread
wheat production is different from conventional
wheat production and therefore markers for conventional conditions may not always be relevant for
organic conditions. Secondly, QTL may interact with
environmental conditions. For instance, not only the
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protein level but also the protein composition can
change under low-input growing conditions compared to high-input conditions (Wieser and Seilmeie
1998; Triboı̈ et al. 2003; Tuvesson et al. 2009). In that
case the same QTLs and/or the same power of the
QTLs can not be automatically applied. Nevertheless,
the organic sector would be interested in markers for
baking quality under low-input growing conditions of
wheat to replace the laborious and costly baking tests
during the breeding process.
Selection at gene or phenotypic level
As selection is a key tool in breeding, this topic was
dealt with from both the breeders and organic sector’s
perspective and was controversially discussed. As
organic farmers have to rely on a diversity of
measures that support and complement each other
under varying conditions and as they have less means
to promptly interfere and compensate during crop
growth, there is more need for overall improved
performance of a variety combining many desired
characteristics to support yield stability. This requires
a more holistic, integrated systems approach in
designing the most appropriate set of measures,
including crop improvement. In the OA sector, a
primary reaction is often to consider genomics as a
result of reductionist science and therefore not much
of value for organic agriculture (Table 2, Weaknesses). Accordingly, the organic sector tends to put
more emphasis on the weaknesses and threats (loss of
diversity, high costs, narrow focus etc.) and is less
inclined to appreciate the potential strengths and
opportunities of molecular markers. Lack of knowledge of marker assisted selection procedures leads to
fear that crops will be selected in the lab and no
longer evaluated in the field.
Also breeders recognize the ‘molecularisation’ in
modern breeding. Koornneef and Stam (2001)
describe how in plant breeding the paradigm has
changed from selection of phenotypes toward indirect
or direct selection of genes. Koebner and Summers
(2003) however argue with respect to wheat breeding
that the breeding paradigm will be touched but not
overturned by genomics driven MAS, as wheat
breeding will continue to be primarily driven by
field selection. The representatives of the organic
sector are not merely concerned about an overemphasis on increasing knowledge on the underlying
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molecular genetics, but also stress that the organic
sector is urging for more knowledge on higher
integration levels applying an agro-ecological
approach at crop and farm system level. Nevertheless,
to our opinion analytical tools such as markers can be
of additional value in an approach that departs from a
holistic view when the results of such an analysis are
carefully converted to the level of farming and
processing practices.
Beside the special concerns for MAS in organic
farming, there are more general concerns on the use
of markers for selection for quantitative traits, as
there is still a large gap between phenotyping and
genotyping of crops (e.g. Xu and Crouch 2008;
Backes and Østergard 2008; Table 1, weakness).
Although the efficiency of MAS largely depends on
exact initial phenotyping, an even more effective way
to bridge the gap and to deal with the interaction
between genotype, environment and management
(cultivation practices) is the opportunity given by
integrating genetics, agronomy and crop physiology
(Yin and Struik 2008; Struik and Yin 2009). Their
approach, including QTL-based ecophysiological
modeling, could also provide the tools to breed for
complex trait, such as nutrient-use efficiency, in a
more efficient way and making use of markers.
Integrating more disciplines in breeding research is
also what Moose and Mumm (2008) suggest in their
commentary on the recent molecular advances to
meet the challenge of identifying the best gene
combinations for optimal crop improvement.
All the participating breeders acknowledged that
there will always be a certain gap between genotype
and phenotype as molecular markers will never give
full information especially where there is more
interaction of environment such as is the case under
the varying low-input farming conditions. The breeders clearly stressed that in breeding programmes
phenotypic selection will always be needed, and that
research on developing easy phenotypic selection
methods is still required. MAS will increase breeders’
flexibility because it enables them to work with
smaller populations and MAS can also lead to a more
efficient use of field trial capacity (Heselmans 2009)
(Table 1, Strengths). In conclusion, there is no need
that molecular marker have to stand their ground as
an exclusive selection tool, as they rather should be
considered as a complement to phenotypic selection
(Table 2, Weaknesses).
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Better use of genetic diversity vs. loss
of biodiversity
The emphasis of OA is on ‘prevention management’
based on ecological principles. This includes applying organic fertilisers to build up soil fertility, using a
wide crop rotation, mechanical weed management,
etc. Exploiting biodiversity is one of the central
measures to create resilience within the farm ecosystem (Østergård et al. 2009b).
One of the strengths of MAS identified is the
ability to improve the introgression of ‘exotic’ and
wild alleles and thereby to increase the genetic
diversity in the pool of available varieties. As
biodiversity and thus also genetic diversity is one of
the key tools of OA in building up resilience in the
agro-ecosystems, technologies with this potential are
of interest. As discussed above on the issue of
backcrossing, marker-assisted introgression makes
access to new genetic resources more feasible by
screening genetic resources with molecular markers
and by making selection of newly introduced quality
or resistance alleles from wild relatives more efficient. The reason is that the targeted gene can more
easily be followed in the successive generations of
backcrossing and distinguished from undesired linkage drag (Hospital 2001).
However, although the participants from OA were
positive about the above described strength, they also
expressed the concern that too much focus on genetic
markers may decrease diversity during the breeding
process for economic reasons (Tables 1 and 2,
Threats). This concern was also expressed in the
policy paper of the Soil Association (Soil Association
2001). The breeders with molecular experience
recognized this concern, but were more confident
about the positive gains. The future practice will tell
whether there is more chance to lose or to gain
diversity by applying MAS in breeding.
‘Clean’ approach and evolving technology
Some of the issues put forward by OA concerned the
assignment of instrumental values and were related to
the potential positive or negative consequences of the
use of molecular markers. Other arguments concerned the assignment of intrinsic values and were
related to the methodology and protocols for the
development of the molecular markers. This last
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aspect leads to one of the threats identified by the
breeders that not all molecular marker technologies
will be allowed in breeding programmes for OA
(Table 1, Threats). This is related to one of the very
important reservations of the organic sector against
the use of molecular markers due to the fact that
harmful chemicals and enzymes produced from
genetically modified organisms are used in the
process of marker development (Table 2, Weaknesses). At the same time a threat was identified that
the development of protocols with non-genetically
modified enzymes is slow and not of high priority
(Table 2, Threats). One of the opportunities is that
the general development within molecular techniques
is moving towards replacing harmful chemicals by
alternatives that cause less damage to the lab-workers
and the environment (Table 1, Opportunities) (e.g.
Yoza et al. 2002, Zipper et al. 2004).
For the enzymes required for the process, of which
the heat-stable DNA polymerase for the PCR reaction
is the most important, the common trend goes toward
enzymes produced by recombinant micro-organisms;
this is because of their higher efficiency and
standardization of production. Nevertheless, most
suppliers of Taq-polymerase offer the native (nonrecombinant) enzyme at only slightly higher prices. A
minor disadvantage might be that advanced features
engineered in the recombinant Taq-polymerase, like
the activation by heat exposure in order to avoid
premature enzyme activity, are not available for the
native enzymes (Kellogg et al. 1994, Lebedev et al.
2008).
Competition and costs
An issue that is of concern of both breeders and the
organic sector is related to the costs of marker
application in MAS, both for investments and
running costs (Table 1 and 2). Apart from other
features, such as the resolving power, determined by
the level of polymorphism detected, co-dominance
and reproducibility (Xu and Crouch 2008) the costs
are certainly an important factor in the breeder’s
choice of a specific type of marker. Costs, first of all
depends on the possibilities for automation in a
marker method. The use of agarose gels for visualization, for instance, require lower investment costs,
but offer nearly no possibility of automation, while in
the case of a detection on a sequencer, both the
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potential for automation and the investment costs are
high. For the actual costs, it is important to separate
development and application costs as in many cases
the breeder will either rely on existing markers or
include the marker development into publicly
financed research projects (Backes and Østergard
2008).
The possible strategies for marker applications
range from a complete ‘in-house’ solution to a
complete outsourcing of all marker activities to a
service provider. The most expensive solution would
be to develop a marker ‘from scratch’ by establishing
the linkage between marker and trait. Only large
companies have the necessary scientific and budgetary capacity to meet this challenge. This fact results
in concerns of small and medium-sized breeding
companies that depend on the public availability of
markers and fear not to be able to keep with those
global players (Table 2, Weaknesses). Further, if a
breeder applying MAS gets an advantage by being
the first on the market with an improved trait for a
certain crop, the competitors might like also to invest
in molecular marker techniques. If these new techniques form a mere addendum to the established
breeding process, this would certainly enhance the
costs of plant breeding and, thereby, also increase the
price of the seeds (Table 1, Threats). If, in contrast,
the breeder is able to replace part of the phenotypic
trials by MAS, it might be cost-neutral. However,
new technologies that increase productivity have
always an impact on the adapting company relative to
its competitors. In addition, the development of better
DNA extraction technologies and DNA analysis tools
leading to decreasing cost per data point will make
molecular marker strategies possible for budget
restricted breeding programmes too (Weyen 2009).
An increasing number of service providers for
MAS give also smaller breeding companies the
freedom to choose to adopt or not to adopt MAS on
a case by case basis without making larger investments in this technology themselves.
Breeding for organic farming still is a nichemarket of low interest for global players, which
makes their competitiveness a less critical factor. The
application of molecular markers in breeding companies challenges the ability of the breeder to reconsider an accustomed (and likely successful)
breeding system and to acquire new skills to deal
with this instrument (Table 1, weakness). The most
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important challenge might be to decide where and
when it pays to replace or complement phenotypic
selection for a specific trait by MAS.
Education and communication
Another concern that is shared by both the organic
sector and breeders is that the emerging science of
molecular genetics tend to generate more attention in
breeding education, as most of the breeding research
at the universities in which the students participate
deals with molecular techniques (Tables 1 and 2,
Threats). The private breeding sector requires a
curriculum dealing with molecular techniques as
well as with ‘traditional’, phenotype-based field
selection in actual populations (Gepts and Hancock
2005). This may help to develop skills how molecular
genetics can be incorporated into traditional breeding
programmes (Ransom et al. 2006).
The rejection of genetic engineering by the organic
sector and promoting traditional, phenotype based
selection does not imply that there is no innovation in
breeding for organic agriculture. On the contrary,
organic agriculture challenges the breeding sector to
broaden the scope of approaches by including
(additional) morphological and physiological traits
(Burger et al. 2008, Löschenberger et al. 2008,
Osman et al. 2008, Pswarayi et al. 2008, Voorrips
et al. 2008). Breeders as well as the organic sector
stressed that acceptance of the use of molecular
technology in OA requires good communication
(Tables 1 and 2, Weaknesses). Although it may be
difficult for farmers and consumers to understand and
accept MAS in OA, as it is too much associated with
genetic engineering (Table 2, Threats), there are
interesting examples of needs for varietal improvement with a role for MAS. Emphasizing these
examples may help in getting acceptance for the
use of molecular technology in OA.
The workshop revealed that there is a lack of
knowledge in organic sector on the pros and cons of
molecular markers and marker assisted selection and
that there is not much active interaction and communication between the organic sector and molecular
scientists.
Many scientists tend to believe that a broad public
understanding of each and any detail in science and
technology is an indispensible prerequisite for public
acceptance of new technologies and the applications
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thereof. This belief has resulted in communication
strategies that flood the public with large amounts of
information about new technologies and the benefits
of potential applications (Office of Science and
Technology 2000). We seriously doubt whether it is
useful to explain MAS to the general public as our
own experience is that organic consumers (laypersons) even question the need for (traditional) breeding as such assuming that old varieties are the best to
apply and have difficulties to understand technical
aspects. In our opinion it would make more sense to
discuss the use of molecular markers with (organic)
farmers as the first line users. However, it would be
worthwhile to put more emphasis on educating the
public that plant breeding is a natural component of
agriculture in general and also for organic agriculture.

Conclusions and perspectives
This workshop contributed to bridging of the gap
between the organic sector and molecular scientists.
The discussions were very fruitful, open and respectful with regards to the different positions of the
participants and the SWOT instrument helped to
summarize the issues. It was noted that not only had
the participants from the organic sector learned from
the molecular scientists and ended up to be more
open for the strengths and opportunities, but also vice
versa the molecular scientists better understood the
concerns having learned more of the underlying
arguments based on the values of organic agriculture.
Compared to results in 2005 there is less skepticism,
and there is more space for nuances: the organic
sector is not per se opposed to high tech methods but
can embrace such technology in carefully argued and
designed cases respecting conditions for the application of MAS in plant breeding for organic agriculture,
see also Soil Association (2001).
A major conclusion of the workshop is that more
interaction between organic and molecular oriented
breeders can benefit both research communities. They
represent two different but not incompatible ways of
approaching breeding problems. The interaction during the workshop resulted in more awareness of the
possibilities to combine approaches case by case.
In conclusion, the extent to which MAS can be
used efficiently in breeding for organic farming to
complement and to replace part of the phenotypic
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selection will be highly dependent on the specific trait
and the availability of markers that reflect the genetic
basis of the special needs for organic farming.
With respect to the organic sector there is a need to
show and discuss with molecular scientists examples
of ‘good practices’ of breeding and research projects
with MAS approaches as well as be updated on how
new protocols may be adapted. Then case by case
make the strategic decision based on further SWOT
analyses. Finally, in research and education programmes we have to promote a balance between
molecular and non-molecular methods and skills by
paying more attention to the opportunities of
improved phenotypic selection.
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Proceedings of the COST SUSVAR/ECO-PB workshop
on organic plant breeding strategies and the use of
molecular markers, Louis Bolk Institute, Driebergen, The
Netherlands, 17–19 January 2005
Lammerts van Bueren ET, Verhoog H, Tiemens-Hulscher M,
Struik PC, Haring MA (2007) Organic agriculture requires
process rather than product evaluation of novel breeding
techniques. NJAS Wageningen J Life Sci 54:401–412
Lammerts van Bueren ET, Tiemens-Hulscher M, Struik PC
(2008) Cisgenesis does not solve the late blight problem
of organic potato production: alternative breeding strategies. Potato Res 51:89–99
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