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Introduction

Aim
The aim of the workshop is to
» facilitate a broad discussion with invited speakmrshe state of the art and progress
in relation to whether, when and how breeding progs for organic agriculture can
benefit from Marker Assisted Selection (MAS).
e summarise this into a policy paper edited by thganisers. This paper will identify
and clarify key issues based on the presentationsaaparticipant-driven SWOT
analysis of role of MAS in breeding for organiciaglture.

Proceedings with abstracts of oral presentation$ posters will be handed out at the
beginning of the workshop.

Background

The workshop is a follow-up of the discussion on MAn plant breeding programs for
organic agriculture, organised by COST SUSVAR andOEPB in January 2005 in
Driebergen, the Netherlands. Now it is time forugaate and further deepening of the issues
involved since, in the meantime, science has madgrgss, practical breeders have gained
more experience with MAS, and questions for bregdian organic agriculture may be more
articulated. This progress has been supported éyEth project BioExploit (Exploitation of
natural  plant  biodiversity for the  pesticide-free roquction of food,
http://lwww.bioexploit.net/) developing efficient érational breeding strategies using e.g.
MAS, and members of the EUCARPIA Section Organiad drow-input Agriculture
(www.eucarpia.orp

The workshop will discuss basic selection prin@gpés well as contrast breeding strategies
according to organic principles and MAS in a fewesmcombining major crops and important
traits.

Participants
* Breeders and researchers involved and/or interastquant breeding for organic
agriculture with or without detailed knowledge onletular techniques.
» Policy makers and opinion leaders among the stdéters

Scientific organisers
Edith Lammerts van Bueren, Louis Bolk Institute,tidglands and Hanne @stergard, Risg-
DTU, Denmark.

Local organisers:
Edith Lammerts van Bueren/Louis Bolk Institute ahgésbeth Bouwman/Wageningen
University and Research Centre

Supporting bodies
BIO-EXPLOIT and EUCARPIA Section Organic and Loweut Agriculture
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Programme BioExploit/Eucarpia Workshop

Wednesday February 95

11.00h — 13.00h registration
12.00h Lunch

Session [: Introduction on principles and perspecties of breeding for Organic Agriculture (OA)
and of Marker Assisted Selection (MAS)
13.00h Opening
Hanne @stergardBiosystems Dep., Risg DTU, Technical Universifpaimark,
Roskilde, Denmark.
13.10h Organic plant breeding — A general ovevvie
Heinrich Grausgruber, BOKU, Institute of AgronomydaPlant Breeding, Vienna,
Austria
13.40h Direct or indirect selection for breedingOrganic Agriculture
Julie Dawson, INRA - UMR de Génétique Végétales@iYvette, France
14.10h QTL x E x M: combining crop physiology agehetics
Paul Struik, WUR, Centre for Crop Systems Analy§¥&sgeningen, The Netherlands

14.40h Tea break

15.10h Potentials of MAS in general: geneticepst traits, economy
Anker Sgrensen, Keygene, Wageningen, The Netherland

15.40h General discussion

16.30h Poster session and drinks

18.30h Dinner
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Thursday February 26
8.15h Coffee

Session II: Breeding for disease resistance traites wheat

8.30h Required characteristics for organic wheatties with respect to disease resistance
Maria Finckh, University of Kassel, iz@tment of Ecological Plant Protection,
Witzenhausen, Germany

9.15h How MAS is included in wheat breeding pezgmes for disease resistance
Jens Weyen, SU-Resistenzlabor, SAATRION, Germany

10.00h Discussion

10.30h Coffee break

Session llI: Breeding for qualitative disease resiance in potatoes to late blight
11.00h Tracing resistance genes in potato by M¥éprofessional breeding program
Guus Heselmans, C.Meijer B.V., Rilland, The Nddimeis
11.45h Organic potato breeding creates addea valu
Niek Vos, organic farmer-breeder, gganburg, The Netherlands
12.30h Discussion

13.00h Lunch

Session IV: Breeding for baking quality in wheat

14.00h Application of markers when breedinglfaking quality
Stine Tuvesson, SW Seed, Svalgv, Sweden

14.45h Is heterogeneity an advantage or a disdadge in breeding for baking quality in
wheat?
Martin Wolfe, The Organic Research Centre, ElmmidJnited Kingdom

15.30h Discussion

16.00h Tea break

Session V: Breeding for quality trait (taste) in tonato
16.30h Tomato breeding for taste by Oldendoréat8icht
Ulrike Behrendt, Oldendorfer Saatzucht/Kultursaaf., Holste, Germany
17.15h Application of MAS in tomato breeding prags for taste
Sjaak van Heusden, Wageningen UR Plant BreediageWngen, The Netherlands
18.00h Discussion

18.30h Dinner

Session VI: Organic principles as seen from IFOAM

20.30h Principles of Organic Agriculture
Louise Luttikholt, International Federation of Onmga Agriculture Movements
(IFOAM), Bonn, Germany
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Friday February 2
8.15h Coffee
Session VII: The future role of MAS in breeding fororganic agriculture

8.30h  Participant-driven SWOT analysis based hen grevious days’s presentations and
discussions as well as the experience of the gaatits. This to identify and clarify
key issues of role of MAS in breeding for organgrieulture. The outcome of this
group work will give the basis for a policy papen these issues edited by the
organisers.
Facilitator: Hanne @stergard, Risg DTU, Denmark

10.30h Coffee break

11.00h Conclusions and Follow-up
Moderator: Edith Lammerts van Bueren/LBI, The Netherlands

12.00h Closure and lunch



Oral presentations



Session I: Introduction on principles and perspectives of
breeding for Organic Agriculture (OA) and of Marker
Assisted Selection (MAS)
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Organic plant breeding — A general overview

Heinrich Grausgruber
Department of Applied Plant Sciences and Plantdgiohology, BOKU-University of Natural
Resources and Applied Life Sciences, Vienna, Austeinrich.grausgruber@boku.ac.at

Introduction

The share of agricultural land and farms manag#fadvwiong guidelines of organic agriculture
increased continuously in the last two decadesayamganic farming is practiced in more
than 130 countries of the world. In the 27 memltates of the European Union 4% of the
land is under organic management (Willer et al.80@s likely as not this upgrowth will
continue since the growth rates of the global ci&mod and beverages market increased
exceptionally the last few years, and have pushed the worth of € 30 billion in 2006. Still
Europe and North America are experiencing undeiguppsome food categories (Organic
Monitor 2006). With the Council Regulation (EEC) 92291 on organic production
regulations concerning organic seeds became eféeddowever, these regulations do not
include specifications of plant breeding and seestdpction methods and/or techniques.
Today'’s organic agriculture still relies mainly wvarieties derived from conventional breeding
programmes. The current growth of organic agricalfpposes the risk that due to not available
alternatives the sector will turn more and moredaventional methods in order to keep up
with the growth of the market. The ‘conventiondiiga phenomena’ already affect almost all
actors of organic production (Kratochvil et al. 80@e Wit & Verhoog 2007). Hence,
concerning breeding the calls for more ‘organichmeeding programmes are emerging.

Breeding techniques

A vision on organic plant breeding and its conseges in regard to breeding techniques was
elaborated by Lammerts van Bueren et al. (1999) Years later a dossier on plant breeding
techniques was edited by the Research Institu@rgénic Agriculture (FiBL) (2001) judging
the suitability of the different breeding and mpiittation techniques for organic agriculture.
One outcome of the discussion were the IFOAM PBareeding Draft Standards (Table 1).

Table 1: Plant Breeding Draft Standards suitablé parmitted for organic plant breeding
(IFOAM 2005)

Variation induction Selection techniques Maintenance and
techniques multiplication

* combination breeding |+ mass selection * generative propagation

* crossing varieties » pedigree selection * vegetative propagation

* bridge crossing - site-determined selection| - partitioned tubers

« backcrossing « change in surroundings | - scales, husks, partitioned
« hybrids with fertile f |+ change in sowing time bulbs, brood bulbs, bulbils
« temperature treating | * ear bed method - offset bulbs etc.

. grafting style . test crossing - Iayer, cut and graft shoots
« cutting style « indirect selections - rhizomes

« untreated mentor pollen| « DNA diagnostic methods| ® Meristem culture

Not allowed in organic plant breeding are techngjuef genetic engineering. The
interpretation of genetic engineering, howevesametimes in a grey zone. Protoplast fusion
for example is considered to be not suitable fgaaic breeding by the IFOAM guidelines,
while it is not considered genetic manipulation thg EU regulation on organic farming.

11
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Therefore, varieties derived from protoplast fusieed not to be labelled (Billmann 2008,
Lammerts van Bueren 2008). A similar discussioongoing with novel breeding techniques,
I.e. intra-, fami- and/or cisgenesis (Nielsen 208&)outen et al. 2006, Lammerts van Bueren
et al. 2007). Contrary to cell fusion, however,stheéechniques are not excluded by the EU
directive (2001/18/EC) on genetically modified angens and, therefore, they are banned
from organic agriculture.

In various European countries some organic actatsoeated and approved additional
guidelines besides the IFOAM draft standards fgaaic varieties. In Austria the ARGE Bio-
Landbau generated a negative list of not allowethous. This list is in accordance with the
IFOAM draft standards, but also excludes bread whdeogressions into varieties of spelt
wheat (Surbock et al. 2003). In Switzerland theaarg umbrella organization BioSuisse
generally banned hybrid varieties from organic aepeoduction with the exception of maize
(Voegeli 2006). The criticism on hybrid varietiesasvoutlined by Arncken & Dierauer
(2006). Recently, the Association of Biodynamicrl8reeders (www.abdp.org) released
standards for certified biodynamic plant breedimgaddition to the IFOAM guidelines these
standards explicit ban hybrid breeding irrespectfe the hybridization method, the
production of double haploid varieties or polypieation, and protoplast/cytoplast fusion.
The use of hybrid or double haploid varieties aepis for a biodynamically bred variety,
however, is allowed.

Breeding goals

Varieties bred by conventional breeding programaresgenerally not unsuitable for organic
agriculture. Disease resistance, yield, nutrieficiehcy, tolerance to abiotic stress and end-
use quality are important characteristics for bptbduction systems. For organic varieties,
however, the emphasis of some traits is differéftile soil-borne and root diseases can be
controlled by adequate crop rotation, resistanegnatjsome foliar and seed-borne diseases is
much in demand. In addition organic varieties demnapecific characteristics usually not
necessary for conventional breeds, e.g. weed caimpaess is highly beneficial to suppress
both undesirable weeds and volunteer plants (Skrebal. 2003, Wolfe et al. 2008).

Naturally, yield is important in regard to econonmm&venue. For organic varieties,
however, the benefits have to be seen within thelevirop rotation and the closed cycle
system. Therefore, taller varieties might be faedudue to better weed suppression, higher
yields of straw used for bedding and/or plant remmdor organic manure. Due to highly
variable conditions in organic farming yield stdlilis ranked higher. Yield stability is
especially important for crops which play vitaleslin organic farming, but for which only a
few small breeding programmes are existing andcbtieeding progress is low, e.g. legumes
and specialty crops. Combining yield and stabilitp a single parameter of yield reliability
might be meaningful (Eskridge 1990, Annicchiari@®2).

High end-use quality is an important characteriiiicorganic varieties. In trading the
same quality parameters than for conventional predsllare used to determine quality and
price. However, limits of certain parameters arenstimes different, e.g. lower protein
contents are accepted for organic wheat for breaking. In recent years nutritional quality
amended technological end-use quality and breepingrammes for added quality values
were initiated. Varieties biofortified with vitanmsp minerals and phytochemicals should
provide healthier foods. Genotypes with higher emtiations of these health beneficial
compounds are often limited in yield. Thereforeglswarieties could be more suitable for
organic production. Furthermore, it's a generaldiehat organic farming would produce
healthier foods than conventional farming. Wheregeseding for nutritional value is still at
the beginning and often influenced by great gemdtyyy environment interaction, the
advertising of health benefits of such productsisady commonplace.

12
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Breeding strategies

Wolfe et al. (2008) defined organic agriculturetbgee market types, i.e. global, regional and
local market. These market types are served diftgreby varieties from three different
sources: breeding programmes for (i) conventiogakalture, (ii) organic agriculture or (iii)
within organic agriculture. Varieties originally dat for conventional agriculture but which
perform well under organic management still captheegreatest part of organic seeds. ‘Pure’
organic varieties, i.e. varieties which were sadand propagated in all breeding steps under
organic conditions, are still very rare and ofterlyoof local importance. In the last decade
several breeding programmes for organic agricultwese established by conventional
breeders. Their fate will largely depend on cosbwery. The organic movement would need
a tremendous increase of varieties selected ungani@ conditions. It can be assumed that
organic programmes are more expensive, since nreeximg goals have to be considered.
On the other hand, the market for organic varieestill relatively small. Various models
how to finance organic breeding were discussechimgernational workshop (Osman et al.
2007). Breeding strategies have to consider cdsttéfeness. Various strategies such as
indirect selection, decentralised and participasgproaches, composite crosses/evolutionary
bulk breeding including ‘older’ varieties with valble ‘organic’ traits, shifting between
organic and conventional programmes (Suneson 19ighenberger et al. 2008, Wolfe et al.
2008) could help to keep the costs for organic mognes low. For wheat it was
demonstrated that many characteristics are highiyretated between organic and
conventional low-input management. Yield, some igpafaits, N use efficiency and weed
suppression, however, did not rank satisfactordgsistent (Oberforster et al. 2000, Kempf
2002). Breeding strategies for organic agricultu@ge also to consider that a high genotype
by environment interaction can not be only preseetween organic and conventional
environments but also within organic subsystemssi@iering organic traits and/or goals
could be advantageous also for conventional brgggiogrammes. Climate change, fertilizer
crisis and increasing costs for energy will adjostventional agriculture to lower inputs
Burger et al. (2008) demonstrated that includingaaic test sites into conventional
programmes can increase the chances of detectoayllgradapted genotypes. Combining
various breeding strategies and including ‘orgartiaracteristics’ at the very beginning of
breeding could lead to a greater number of betliapted organic varieties in the nearest
future. Besides increasing the number of organigetias of major crops it of equivalent
importance to strengthen breeding programmes ofomibut for organic agriculture
important crops, such as legumes and forage crops.
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Direct or Indirect Selection in Breeding for Organic Agriculture

Julie C. Dawson and Isabelle Goldringer
INRA - UMR de Génétique Végetale, Gif sur Yvettanée, dawson@moulon.inra.fr

Interest in plant breeding for organic systems mmseased in recent years due to the
realization that these systems are not well-sebyethodern plant breeding for conventional
systems, much as marginal environments in devejopwmuntries are not well-served by
centralized breeding programs either at the nationanternational level (Desclaux, 2005).
More variable environments are found in organidesys and the effects of environmental
stress are more critical because farmers cannotlatdize environmental conditions similar
by using inputs and or remedial solutions such estigides in response to problems. This
means they must proactively encourage system hediibh includes the use of well-adapted
and resistant genotypes in the context of a functgpagroecosystem. In addition to the more
variable effects of the biophysical environmeng tieeds of organic farmers are more diverse
due to more complex production strategies. (Descletual., 2008; Wolfe et al., 2008).
Organic farmers currently have trouble finding addpvarieties, partially because there has
been little interest from the private sector in eleping varieties for organic agriculture
(Desclaux, 2005). This may be due to limited seearkets and regulatory barriers to
commercialization of varieties specifically targéte organic systems.

The first question often asked is: are breedingggnms specifically targeted to organic
agriculture needed, or is selection in conventi@yatems sufficient for identifying superior
varieties? Specific organic programs are justifiel) there are traits that are of importance in
organic systems that may not be considered in ctioreal systems, and 2) for traits of
importance to both systems, there are significéférdnces in genotypic performance or trait
priority between the systems.

Major reviews have addressed the issue of spdc#its for organic and low-external-input
agriculture and the need to recover and improvistthat may have been lost through
extended breeding for conventional systems. Thedade competition with and/or tolerance
of weeds, durable disease resistance, with diftepeiorities in terms of the most critical

diseases, the ability to use organic nutrient ssiand the ability to benefit from symbiotic
and associative relationships with soil microorgars, other plants and other beneficial
species such as insect predators (Wolfe et al.8;20@sclaux, 2005; Ceccarelli, 19964a;
Lammerts van Bureren et al., 2002; Mason and Spa0e6; Murphy et al., 2007).

One common point is that traits of importance &terohighly complex and it is difficult to
choose appropriate selection criteria. In many asemay be necessary to select for
composite traits in the target environment, forrepke, selection for yield and protein content
in order to increase nitrogen use efficiency inamig systems with low nitrogen status
without the need to measure the degree of assmtiatith mychorrhizal fungi or the exact
dynamics of nutrient uptake and mineralization. ld@@r, continued research on the basic
mechanisms behind more complex traits is also reede

In terms of the second criteria justifying targeta#danic breeding programs, differences in
performance for traits that are important to bogetems have been demonstrated in some
cases. Murphy et al. (2007) found that the top Ge@otypes in conventional systems were
often ranked much lower in organic systems and-versa in four out of the five
environments tested. In comparing multiple orgaamz conventional trials in European
countries, Przystalski et al. (2008) found thatrewath high genetic correlations between
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traits in organic and conventional trials, the doibty of a variety being in the top 10% in
both systems was much lower (0.55 to 0.85 for @tiemorrelation of 0.80 to 0.98). In other
cases selection in conventional and organic systemsted in similar rankings, or crossover
changes in only a subset of genotypes or for aetubs traits (Osman et al., 2008;
Vlachostergios and Roupakias, 2008). In additiorcrmwssover interactions in performance,
the priority given to certain traits may differ seten conventional and organic systems, for
example, quality may be of much higher value inaoig systems while yield is of primary
importance in conventional ones. So the questiothefefficiency of selecting indirectly in
conventional systems for performance in organidesys will depend on the degree of
difference between the systems. In many cases, asop studies have been conducted
either on research stations recently transitioredrganic production or using varieties
selected only in conventional systems, which mayh®representative of the true range of
potential responses to organic conditions.

The correlated response in environment X to indisetection in environment Y depends on
the heritability of the trait in each environmeand the additive genetic correlation between
the environments. Indirect selection can have atgreesponse than direct selection if the
genetic correlation is high enough and the helitgbis significantly greater in the
environment of selection than in the target enviment. The efficiency of indirect selection
depends on the degree and type of genotype byosmuent interactions between the two
systems. In practice, if the target and selectiovirenments are very different, the genetic
correlation may be very low, and the heritability marginal environments are not always
lower than in the high input environments such esearch stations and breeding nurseries
(Ceccarelli, 1996a, 1994).

In addition, there is a need to consider not oniypbysical G x E between organic and
conventional systems, but also the G x E withinaarg systems. In some cases organic
system may be more different among themselvesithaomparison to conventional systems
in the same region. Even when restricting the amrations of G x E to biophysical stresses,
it is not possible to develop single varieties tthatvell in the majority of organic agricultural
systems, for example Baresel et al. (2008) foundelavariations in nitrogen dynamics
between two organic systems with the result thaickviiesulted in significant crossover
interactions. When expanding the consideration ofx G to include socio-economic,
management and marketing factors, it becomes inijgesto generalize as the possible
interactions among these domains are very complksttempting to define target
environments that share common values across alhimhs most likely results in a separate
category for each individual farm. Breeders, fasnand other actors will need to make
decisions about which interactions are the mosbmant or determinate in their context and
develop breeding strategies that work to take tlhageactions into account in the selection
process. Many different selection strategies mawpp@opriate for organic systems, and the
one chosen will depend on the specific contextatdrs involved.

If wide adaptation is desired, some degree of @udiselection is necessary. These varieties
can be either pure lines or heterogeneous mixirdslines. Indirect selection may be most
effective if conventional breeding programs are-iaput or where the majority of G x E can
be explained by environmental factors common td lsgstems, such as climate or daylength.
If genetic correlations between the systems idyféarge, the use of data from trials in both
systems may improve selection in either organicconventional conditions where the
addition of environments is important for improvitige estimation of performance across the
target environment, but where there are not regsuiec add environments in both agricultural
systems (Przystalski et al., 2008).
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If the target environments are too different toestla single variety or population that has
acceptable performance everywhere, breeders mggttaery focused regions for different
purelines or heterogeneous populations which thetve specific adaptation. In this case, an
analysis of G x E is a method of choosing the asiety or population for each target
environment (Ceccarelli, 1996b). Where direct s@decis important, decentralization of the
selection process is necessary and this often leagarticipatory selection (Sperling et al.,
2001; Ceccarelli et al., 2001) because of the needdd many selection and testing sites
where farmers have specific knowledge of enviroradeconditions and plant traits that are
adaptive under their conditions. There have beemodstrations of the effectiveness of
farmer selection in many cases, for example th@rara of barley selection at ICARDA,
where in a test on research stations and nine farri8gria, farmer selections were always as
good as breeders in increasing yields, with a Bagmt response to selection in almost all
cases and with farmer selection significantly beite one case (Ceccarelli et al., 2000).
Farmers selected fewer populations in general, mgahey were able to increase selection
pressure on their particular farm compared to leeedlection. In many cases of participatory
selection, farmers have been extremely competesglatting superior varieties, and are also
able to keep populations separate and deal witregating populations (Ceccarelli, 1996a;
Ceccarelli et al., 2001; Gyawali et al., 2007; Hpgret al., 1993, 2001; Smith and Weltzien,
2000). However, participatory selection requiresrélased commitment and engagement on
the part of the farmers and breeders and may nappeopriate in all cases.

A discussion of indirect and direct selection letmls discussion of the degree of diversity
present in varieties grown across a region, andvtiee of this diversity for agronomic
performance and the future adaptive potential efdiop species. The agronomic benefits of
diversity include improved durability of diseaseistance and reduction of disease severity
(Wolfe, 2000; Finckh, 2008) and greater bufferirapacity of heterogeneous populations
(Ceccarelli, 1994; Finckh and Wolfe, 2006). Thigsbdlity arises from individual plant
plasticity and from different response norms ofividhials within a diverse population, the
two mechanisms identified by Allard and Bradsha@6d), while homogeneous populations
rely only on the buffering capacity of the indivaluplants. In heterogeneous populations,
phenotypic stability may arise from genetic divigrdhat allows the flexible expression of
component traits that lead to higher stabilitydomposite traits such as yield and quality.

In terms of the analysis of varietal or populatgiability, current methods of analysis often
do not separate spatial and temporal stability imeeaf averaging trait values over years in
each location. While spatial stability is importamtselecting varieties with wide adaptation,
temporal stability is more important to direct stéilen in the target environment as farmers
are usually concerned with consistent performanteheir individual farm. The question
remains whether these two types of stability arguadly exclusive. Indirect selection for
performance across a wide range of environmentssekegt for generalist phenotypes with a
range of reaction norms and higher phenotypic igiast without underlying genetic
variability, while direct selection in each targetvironment may select for genetic adaptation
to particular conditions with a smaller range okpbtypic plasticity (Kawecki and Ebert,
2004). However, the degree to which selection ldadsore generalist or more specialist
phenotypes in each case probably depends on whetheariation across location and years
Is in terms of the same environmental constraimnte/toether the variability across years is
gualitatively different than that across locations.

There is a need for further research on the statisinalysis and modeling of biophysical G x
E in terms of the consideration of different typdsstability and the ability to account for
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multiple traits with differing priorities dependingn the system. There is also a need for
greater collaboration across disciplines and eapigawith organic farmers to address the
other components of G x E related to socioecon@mét management variables. Breeding for
these systems can benefit from farmer input noy @d on-farm trial hosts, but also in

defining traits and in identifying and choosing amgdrade-offs among traits, and in terms of
breeding program priorities.
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QTL x E x M: combining crop physiology and genetics
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Paul.Struik@wur.nl

Introduction

Knowledge on molecular biology and genetics of fdahas progressed enormously.
However, this knowledge has highlighted in thetfiptace that plant metabolism and its
regulation under variable and — especially in orgaagriculture — often stressful
environmental conditions are extremely complexnPbnd crop scientists still do not fully
understand how the plant, as an autonomous orgamisra crop, as a group of mutually
interacting plant individuals, is capable of mamggits own complexity and how it perceives
and interprets all the information it is exposedrt@rder to survive, propagate its genes and
produces useful products for mankind. Modelling batp to bring order in that complexity —
at least to some extent — because we can reducepthplex reality to a number of robust
algorithms that are capable of catching the dynamand mechanistics of the most
determining processes. Dissecting complex traith Vaw heritability into relatively simple
component traits, which are less sensitive to envirental conditions, will assist breeders in
making faster breeding progress.

The new challenge

Modern crop physiology is challenged to bring thfsimation from functional genomics to
the crop level, by introducing true biological manflsms from systems biology into crop
models based on a true understanding of the orgi@mizof the crop across scales and the
crop’s response to environmental conditions. Croypsplogy is for a greater part developing
into the direction of what we call ‘crop systemslbgy’, which aims at modelling complex
crop-level traits relevant to global food produntiand energy supply, via building the links
between ‘omics’-level information, underlying biashical understanding, and physiological
component processes. Essential in crop systemsgyia to properly map the organization
levels and the communication systems between tleests for the different key processes,
from the molecule or gene, all the way up to thepciSuch an approach is clearly needed
(and also suitable) when dealing with the intemadibetween environment (E), management
(M) and genetic components (often identified as QTurther called QTL x E x M
interactions, because molecular information (infthren of QTLs for desirable traits) should
be evaluated and used at a level where it reallyemsa where the genotype interacts with E
and M. In our framework we distinguish between smwnent and management. Many
researchers consider management as part of theoement but the distinction is useful
because it stresses what is manageable (and tresdfteast to some extent also predictable
in a quantitative way) and what is not.

Where do we stand today?

Many relevant crop traits, such as yield and guadite quantitative and complex. They are
controlled by multiple, interacting genes whose regpion may be dependent on
environment. The modern molecular marker technekgnable us to dissect the variation in
these complex traits into the effects of QTLs. Wikle progress of QTL mapping new
breeding approaches such as marker-assisted ealbetve become possible and breeding by
design has become within reach. However, we shaoldbe too optimistic about these
opportunities on the short term, since polygeniotad, epistasis and QTL x E x M
interactions can impede the use of these approaSbese of these aspects require continuous
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and long-lasting efforts; but for QTL x E x M inéetions modelling may become handy in
the first place.

Whole-crop physiology models are the obvious tdolglissect complex traits into
manageable component traits and to describe tketefbf environment and management on
them in a mechanistic way. This is obviously usdtul breeders as they will now have
information with much less QTL x E x M interactiamd therefore QTLs which are more
robust, resulting in a more efficient breeding msx But it is also attractive for crop
physiologists: until recently models were very paorcapturing the genetic component of
these complex traits, let alone the QTL x E x Meiattions. So if crop physiology and
genetics are combined judiciously, crop physiolagg modelling research can reinforce the
genetic analysis of complex traits, thereby impngvbreeding efficiency, but at the same
time can also create approaches with which crosiploggy can use genetic information in
crop models.

Because crop models represent causality betweeparment processes and yield, they
can predict crop performance beyond the environsnimtwhich the model parameters were
estimated. This singular property allows the mogelentially to resolve QTL x E x M into
underlying processes on a daily basis and to predip performance for any genotype in any
environment.

In order to realize these achievements, a modaebapproach comprising of five
steps is required:

1. Create a crop model that predicts complex tiaéised on relations between elementary
processes and environmental variables.

2. Evaluate the capability of the model to predict complex trait across a wide range of
combinations.

3. Identify QTL for model-input traits using a géieeQTL approach.

4. Develop a QTL-based model whereby the origimdles of model input traits are replaced
by QTL-based inputs.

5. Validate the QTL-based model across environments

Examples

Examples where the approach described in the predection has been or is being applied to
analyse gene/QTL x E x M interactions and that destrate the approach of dissecting
complex traits into biologically meaningful compaonéraits in which the environmental
effect is already accounted for, are:

1. QTL-based models of time to flowering for ridearley and rapeseed, based on the
response of flowering time to photoperiod and terajuee as affected by, for example,
sowing time or models of time to flowering in Ardbpsis based on gene networks;

2. QTL-based models of the response of elongat@te of maize leaves based on
temperature, vapour pressure deficit and soil-plaater relations as affected by irrigation
schedules;

3. QTL-based models of the development over timsailf cover and of tuber formation in
potato as affected by fertilizer supply;

4. QTL-based models of use efficiency of nitrogerbarley and of nitrogen and phosphorus
in potato as affected by resource input and praedimognvironment (conventional versus
organic; different types and levels of resourceuthp

5. QTL-based models of root growth and resourcéucapn lettuce as affected by transplant
management;

6. Gene-based models of fruit growth in tomato Base cell cycling, cell division and cell
elongation as affected by temperature regime antllérad;

7. QTL-based modelling of fruit quality in peachdsmsed on physical, metabolic and
physiological subroutines and affected by fruitdpa
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8. QTL-based modelling of drought tolerance in rfoeusing on complex traits such as
photosynthesis, chlorophyll fluorescence, yield ponents, and yield.

Relevance for organic agriculture

QTL-based modelling and organic agriculture canobee a perfect match. In organic
farming, the crop eco-physiological principles a different from those in conventional
farming but the systems are more complex, are miffieult to generalize across individual
farms, and interactions (including those relatioggeénotype x environment x management)
are more significant. Agronomic characteristics avganic production environments are
usually much more complex than in the case of cotimeal agriculture because of the
intrinsic variation in process rates, timing andadion (e.g. of mineralization of organic
matter in dependence of physical, chemical andobio&l soil fertility). Moreover, organic
agriculture is using an agro-ecological approadkinth measures to stimulate the self-
regulating ability (‘autonomy’) of living systemdncluding (agro-)ecological systems,
whereas conventional systems often use externatsnghich overrule this ability. Model-
based systems analysis for organic agriculture ttemefore be a very useful tool in
guantifying agro-ecological processes and theirseqnences for yield, quality and other
aspects of system behaviour.

As organic agriculture has fewer management meaasljust the environment to the
genotype, it needs varieties that are better adajtesariable low-input (organic) growing
conditions. Organic farming aims at optimizing tpeoduction system more than the
individual crop and thus practices are not aimegraviding optimal amounts of resources to
the individual crop but to maintaining system heaNutrient supply and water supply are
therefore less regular, less abundant, and morendémy on (variable) environmental
conditions, including physical, chemical, and bgtal soil conditions. For example,
mineralization of organic matter and uptake of ieutts depend on availability of soail
moisture, thus increasing variation in growth.

This means that by definition organic agricultueelss holistic approaches and looks
for varieties which fit in those approaches. Crdpotypes for organic systems are more
complex (with more trade-offs) than their countetpan conventional agriculture. Trade-offs
should be quantified preferably by modelling apptas. Moreover, organic farmers look for
varieties that are robust under their conditions, show a reliability, an efficiency of
functioning, and a persistence of functionality @enfluctuating, unpredictable and changing
conditions. A good example of robustness might blrge plasticity towards dynamic
availability of nutrients and water by maintainiagsuitable root architecture throughout the
life cycle and a dynamic balance in shoot to radior even when this would mean extra
investments in root dry matter that does not cbata to the harvestable yield.

Complex and system-specific characteristics sucihobastness might well have a
genetic background and are therefore amenableefectson, but this still requires proof by
proper research. For that robustness needs tofinredén agronomic terms and specified in
crop physiological terms, resulting in those chtmastics that can be broken down into
component traits for which stable (i.e. environmamd management independent) QTLs can
be identified. Complex traits can be conceptuali#tiin a modelling framework and tested
for a diverse set of organic environments. QTLs tteem be identified for these component
traits.

The need to break down complex traits into manageatmponent traits might be
against the nature of the holistic thinking in arigaagriculture but is a prerequisite for
effective breeding on such traits and to allow uke of marker assisted selection techniques
for those traits.

In order to let QTL-based modelling contribute tesigning robust varieties for
organic agriculture the five steps for developinglsa model explained above in the section
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“Where do we stand today?” would still suffice. Hower, each of the steps would be
extremely laborious and time- and resource-demandimen the complexity of the traits
organic agriculture is looking for and in the ligbt the fact that we have only designed
successful QTL-based models for relatively simpl®wgh traits or relatively simple

developmental traits.
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Potentials for MAS in general: genetics, crops trds, economy

Anker P. Sgrensen
Keygene N.V., Wageningen, The Netherlands, ankensen@keygene.com

Abstract

In the past 20 years the use of molecular markassgnadually expanded from the field of
scientific genetic analysis towards the implemeotain commercial breeding programs.
Currently molecular DNA tools are utilized in plamteeding programs in order to optimize
the gain of selection in various ways. In additioreeding methods are being adapted through
the use of molecular DNA tools, in order to devetmvel varieties, which without the use of
molecular DNA tools, would be very difficult to detop.

DNA technology combined with the laws of inheritaris being used to develop procedures
and methods that can elucidate the relationshiwd®st phenotypic variation and genotypic
variation, thereby generating knowledge of the malle control of valuable traits. Efficient
and effective exploitation of this knowledge is ttwe business of the modern plant breeder.
Many valuable traits have a complex inheritanceplant populations and therefore the
molecular control of this type of traits has a ctemmature as well. Contrary to the situation
of molecular control of simply inherited traits,mplex traits will require different molecular
breeding strategies (MAS strategies) in order tefiiective. This presents serious challenges
for the future and requires integration of diffar&nowledge levels (genome, chromosomal
regions, genes, gene alleles) as well as breettiaiggies and breeding schemes.

Breeding varieties for organic agriculture usinglecalar DNA tools could greatly benefit
from the knowledge available concerning geneticsaifs. Organic breeding is faced with the
same level of complexity concerning many valuabigitd, and thus will require the
development of specific MAS strategies in ordeb#oeffective. A comprehensive approach
towards the variety improvement process, usinggnat@on of all knowledge available at
different levels of the plant, could be a key ttegration of MAS and organic breeding.
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Required characteristics for organic wheat varietis with respect to disease
resistance

Maria R. Finckh
Ecological Plant Protection Group, Faculty of OrgarAgricultural Sciences, University of
Kassel, Witzenhausen, mfinckh@uni-kassel.de

Organic farming systems differ from conventionasteyns mainly with respect to soil and
disease/pest management and thus with respectilt@reperties and to plant protection
options. In order to identify the traits necesdarysuccessful organic varieties it is therefore
crucial to determine the effects of soil managenmmplant health and also to focus on the
pests and diseases that have a high potentiatteed in organic systems and to concentrate
breeding effort onto these.

The differences in plant nutrient supply in compani to conventional farming systems have
generally reduced the importance of aphids andjatdi pathogens such as rusts and powdery
mildews for which, in addition, a wide range ofist@nces are available. FBusariumspec.
the situation is more complicated. In conventiaagiculture Fusarium is mainly residue and
soil borne due to generally short rotations anc thigh amount of maize in conventional
systems. In contrast, the wider rotations in orgaystems usually reduce the soil borne
phase of Fusarium. However, due to a lack of affeteed treatment options seed infections
can be a real problem. Also, an increasing inteneste production of maize will increase the
importance of the soil borne phase of Fusariumrgaoic farming in the future. Therefore,
resistance to this pathogen is of great importance.

In general, resistances to seed borne pathogemstbde much more in focus in any organic
breeding programme, especially for pathogens thsitle in the embryo like loose smut or
deep inside the seed like Fusarium where heather alternative treatments cannot reach.
Overall, any measures that increase microbial iagtand diversity in the soil will increase
soil health by reducing soil borne pathogens (Wadteal., 2002). Such a systemic approach
has been termed biological systems managementif\aind Sikora, 1996). While appropriate
organic amendments such as composts and green esacaur be as effective (or even more
s0) as the traditional ploughing in reducing satr® pathogens such @aeumannomyces
graminisspec. oPseudocercosporella herpotrichoideg increasing resident biocontrol and
earthworm activity there are increasingly reports gpowers suffering from generalist
nematode infestations which can only be reduceboldgk fallow or very specific antagonistic
plants. Nematode problems are notoriously disreghrdthen assessing plant production
problems world wide and organic farming is no exicepthere.

Resistance breeding has been and probably willirem@e of the most successful areas of
breeding for sustainability in agriculture and @shbeen the major driving force for breeding
success. At the same time, spectacular resistaped lowns again and again have obviated
the successes and some have gone so far to claimlémt diseases are “normal agricultural
accidents” (Juska et al., 1997) due to a lack dHtegjies counteracting host-pathogen co-
evolutionary processes.

The evolutionary processes in pathogen populatleading to resistance breakdown are
mutation, recombination, adaptation, and selectiéil. these processes, in particular
adaptation and selection processes are criticalfijyenced by environmental conditions
affecting the pathogen population directly or Via host and the genetic structure of the host
population. The beneficial effects of diversity fogsistance in space and time, reducing
diseases are well known and a multitude of mechanisas been identified contributing to
these effects (see Finckh and Wolfe, 2006 for meyend resistance gene management on the
population level will be an important componentutiire sustainable agricultural systems as
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well under organic as conventional conditions. leoig-term sustainability it will be crucial
to reintroduce diversity for resistance into modeanieties to prevent resistance breakdown
using population approaches to breeding such dstevmary breeding, composite crosses or
other approaches (e.g. Finckh, 2008; Murphy et28l05; Wolfe et al, 2006, 2008). Modern
marker technologies may be of help here, especidtign it comes to the registration and
identification of varieties within the current légystem.

Besides traditional breeding for resistance theee @ number of traits that have been
identified that might be of importance to futurestginable disease and pest management. For
example, it has been found that certain varietiespgcies may attract natural enemies of
aphids or other insects (Ninkovic and Pattersof32@atterson et al., 2006; Starks, 1972) or
that root exudates may have allelopathic effectpatinogens (Friebe et al., 1998; Vilich-
Meller, 1992; Vilich, 1993). In addition, genotympecific microbial communities in the
rhizosphere apparently also affect plant growth #mas fithness and potentially disease
resistance through direct competition, antagon@ninduced resistance (Picard and Bosco,
2006). As inducibility for resistance is also aes¢hble trait, breeding for inducibility of
resistance should be seriously considered in fuitgeding programmes. This might become
especially interesting in combination with diveidtion strategies.

In conclusion, changing the farming practices wilbo shift disease and pest problems.
Breeding for disease and insect resistance in argarming must be based on several main
goals: disease resistance, diversity for resistaaiméty to be induced for resistance, and the
ability to attract and sustain beneficial organismghe system among others. Some of these
traits may not be selectable directly and mostgast can only be determined within specific
organic growing conditions. This may require moeeehtralised approaches to breeding to
allow for local system specific optimisation andhptition of plant populations.
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How MAS is included in wheat breeding programmes fodisease resistance

Jens Weyen
SAATEN-UNION Resistenzlabor GmbH, Leopoldshohem&sy, weyen@saaten-union-
labor.de

Wheat breeding changed significantly in the passile many technologies in tissue culture,
guality analysis, field and nursery technology émergence of molecular markers is one of
the new aspects to be considered by wheat bree&isPs, RAPDs, CAPS/SCARs,
Retrotransposon, COS, DArT, SSRs, SNPs and mamy atharker systems and in the future
also the direct use of sequencing machines areidilunder application in wheat breeding
research and practical wheat breeding programshé&mwmnore, by the development of better
DNA extraction technologies, DNA analysis tools eapillary electrophoresis, gPCR
machines and chip technologies, the cost per daiat @re still significantly and fast
decreasing, which will make molecular marker stgyege possible for budget restricted wheat
breeding programs too. Additionally, by the deceeas costs, totally new marker assisted
breeding technologies and breeding strategieswifpossible.

Therefore, more and more wheat breeders are udWfgarker technologies to identify and
to map resistance genes or already specific al@eselect desired genetic variability in
accelerated and cost extensive manner. Neverthdiggs precision phenotyping and exact
disease screening in connection with sophisticatiedtegies for the discovery, use and
exploitation of genetic variability will be necesgan the future.

In our company we started an R&D program relatechédecular markers in wheat in 1998.
This process was beginning with joining consortidacl developed SSR markers, which were
then mapped to their chromosomal location and tisgtd in so called AB-QTL projects. In
those projects, SSR markers were used to find ladioes to yield QTLs. SSR markers were
visualized on ALF Express machines (Pharmacia), thadling of the gels was time
consuming and the reliability and reproducibilifySSR allele size was critical.

Meanwhile, we switched to a more sophisticated,emeliable, stable and logistically easier
to handle system for the separation of DNA SSR nragts which are now capillary
electrophoresis machines (ABI 3100) and a qPCR mach

SSRs markers are still the markers of choice dugh@r easy handling, their exact
chromosomal location, and easy exchange of sderddta with SSR based experiments
worldwide. Often SSRs are multiallelic, which malteem very interesting for plant breeder
laboratories. They can also be multiplexed whichds costs down to very interesting levels.
Since the start of the marker work in wheat we gdirseveral R&D projects, which were
dealing about the mapping of resistance genesdbB8rne Wheat Mosaic Virus (SbWMV)
and Wheat Spindle Streak Mosaic Virus (WSSMV), Eseercosporella herpotrichoides
(pchl gene from Aegilops ventricosa), Fusarium H8#dht resistance gene Fhbl from
Sumai3 and different other FHB QTLs also from addpivheat material, Drechslera Tan
Spot (DTR) QTLs in adapted wheat varieties (JeSgéitar) and exotic material (HTRI 1410
and HTRI 3343) and several other resistance g&wmeeral of our breeders are also working
in powdery mildew, rusts (yellow and brown rustfiéeptoria.

While it is easy to map single genes as Sbml ibimes more difficult to map QTLs due to
their oligo- or polygenic inheritance and the effef the environment on the phenotype.
Nevertheless, by getting more and more markersdende chromosome maps available and
due to good phenotyping technologies (also by s8eaf doubled haploid lines) it becomes
more and more possible to work also with QTL maskand their pyramiding, which is
actively done in Fusarium Head Blight, Septoria RDdtc.

By the use of molecular markers it is thereforespime to use and to exploit genetic diversity
in an accelerated manner and therefore new vagigtith new superior agronomic, quality
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and resistance traits can be offered to the farntievall be also necessary to use molecular
markers to be able to react faster with new geneitability for drought tolerance, frost
tolerance and other abiotic stresses, not to fargetent efficiency.

In the future the knowledge on genetic diversitil sover allele diversity and more exact and
specific markers will be developed (also by gen@egquencing projects). Haplotypes will
become visible in more detail for the breedersraa genetic variability will be introgressed
more easily, because the follow up and selectiorpafgenic traits will become more
efficient and more cost effective.Therefore, molacumarkers are useful tools for
conventional and organic breeding programs. Botlogbphies can benefit extremely by this
technology, which is still at the beginning.
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Tracing resistance genes in potato by MAS in a pressional breeding
program
... In perspective of a commercial breeding program

A.F.M. (Guus) Heselmans
C. Meijer BV, Rilland, The Netherlands, guushesab@meijer-potato.com

C. Meijer B.V. is a seedpotato company with an dweeding program. C. Meijer B.V.
breeds potatoes for the table, French fry and cniggket and translates the customers’ wishes
into new potato varieties. Aspects such as quabitpp consistency and resistance are
paramount.

Varieties as Lady Rosetta, Lady Claire, Lady Olyapvielody and Lady Christl are the
biggest varieties of its program. The organic ugrigionica recently has been introduced in
the organic market. This variety has been breaioperation with hobby-breeder Niek Vos.

With that view molecular markers will be used asoal in the breeding program. For C.

Meijer B.V. the strength of markers will be:

- potential to follow and thus combine interestinge®in the genitor development
In the near future this tool will be used to staekistance genes for late blight (several
resistance sources), nematodes as PCN and Melaidogpp. At the time more
knowledge has been gained of the genetics behinplea traits, such as dry matter,
maturity and quality markers can be used to followd combine QTL's.

- Expand the breeding program
The use of markers can help to eliminate susceptibhdidate varieties in an early stage
of the selection; whereas in a traditional selestgrogram some resistance tests can only
be finished in a later stage of the selection pamgr

- Knowledge in-house
Having the DNA techniques in-house will force tlmpany to retrieve all genetic
information available to make choices within th@gnam. This knowledge will not only
be limited to specific marker use, but also willegmore insight in potato genetics which
can be used in more aspects of the breeding program

The use of markers will lead to an improvementhaf breeding program. Having resistance
traits in good varieties without compromises to eotitharacteristics will become less
complex. However, adaptivity of potato towards eliéint soil types, growing area’s and
climates still will be the next challenge. Droughglt and climate shocks cause yield and
guality los in many growing area’s, s. Geneticsih@hhese characteristics seem complex.
More insight and tools could help potato breedemschieve bigger steps in breeding.

Coming decades most information on total value cdadidate variety will be retrieved from
the (well chosen) trial locations. To mirror themgaex “phenotypic” wish list of the potato
chain on the candidate varieties, DNA-techniquei i&lp more and more but potato
breeders better not throw away their boots and feloks...

www.meijer-potato.com
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Organic potato breeding creates added value

Niek Vos
Farmer-breeder, Kraggenburg, The Netherlands, jozos@hotmail.com

Some 16 years ago | started as a farmer-breedeotato. The motivation was that organic
potato fields yearly turned black because of lditghb (Phytophthora infestansLater also in

the conventional potato production this devastapiatato disease became barely manageable
and could only be controlled by using large quasgtiof pesticides.

The situation in organic potato production struck, mnd it appeared to me that such a
situation was not positive PR for the organic sedt@r me, there was only one answer to
such an aggressive disease and that was resistdrerefore my goal is to select for a potato
resistant to phytophthora!

In the Dutch potato breeding company Meijer B.\d &specially in the person of its breeder
Guus Heselmans | found the enthusiasm and thefoust joint effort. What amazed me in
the first year was the amount of resistance praesaht breeding programme. | could observe
this by the number of plants that was left oveemafirst selection through visual negative
mass selection, discarding all plants that gotciefé during the season. These numbers were
not in correspondence with the results of Meijggtection. This difference was caused by the
fact that | gave first priority to late blight resance, whereas the conventional market has first
priority for yield (50-60 ton/ha) and can still cpensate late blight susceptibility by
(relatively cheap) chemical crop protectants.

My focus is thus on phytophthora resistance infitisé place. | am able to conduct it in such a
way, as | select under organic farming conditioressitng commercial organic potato
production on my farm too. | accept a somewhat foyeld (35-40 ton./ha) and maybe in
future less stringent requirements for externayal) quality of the tubers.

In such a way specific selections get a chancevtbatd not show up in a regular programme
due to higher priority to other traits as they aheady discarded before the selections can
show their resistance. We also lose valuable geniosuch a programme.

In the presentation | will discuss the way | cotledte as an associated farmer-breeder in a
commercial potato breeding programme, and how mst forganic’ variety Bionica was
registered and marketed since 2007.
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Is heterogeneity an advantage or a disadvantage ibreeding for baking
quality in wheat?

Martin S. Wolfe
Organic Research Centre, Fressingfield, United idimy, wolfe @wakelyns.demon.co.uk

Background

A few years ago, in conventional high-input wheedduction, particularly in the UK, the
question of breeding for baking quality seemed dsehcome down to a, relatively, simple
answer. The key was to ensure that a couple ofrigllecular weight glutenin sub-units were
being expressed in the high yielding (as far asipte pure line wheat selections, and all was
well. More industrial feedstock for the Chorleywoodustrial bread-making process (the 40
minute loaf) was then assured. The industrial ceEmproducing improvers, extenders and
other enzymes, together with industrially-produgeast and other additives that had been
extracted earlier from the flour during milling, Wdd now work with the packaging and
advertising experts to ensure that the supermaHadtes were never empty.

However, an increasing number of questions hawemmround this approach, partly as direct
guestions to do with the process itself and padlyindirect questions concerning the whole
context in which wheat is produced.

a) Direct questions

These centre on both the process and the produleisy are concerned with health and

nutrition, especially in a time of epidemic obesityd related health problems. Examples of
such questions have been raised and collectedingtance, by Whitley (2006; see also

http://www.sustainweb.org/realbread/). So far aseldding is concerned, they relate to many
characters from uptake of minor elements, to pnotgialities beyond specific glutenins,

including the potential for effective fermentation.

b) Indirect questions

Indirect questions concerning wheat and qualityteme@oming more numerous largely due to
the concerns about a world grappling with the néwedsions of post-Peak Oil and global
climate change and destabilisation. There will widedly be an increasingly closer focus on,
for example, nutrient and nitrogen use efficientye ability to deal, genetically, with
pathogens, pests and diseases, and how to appiteagiroblem of unpredictable weather
variation. All of these involve interactions witdl of the elements of quality, whether
defined in the narrow or broad sense.

Dealing with complexity

Before the focus turned on to the critical glutesub-units, bread-making quality in wheat
had been considered to be a complex characterllyusoarelated negatively with yield. For

the specific end-use of industrial bread-making, ithportance of the glutenins allowed the
breeders to concentrate on a relatively simpleetafgr breeding, although the negative
correlation with yield has persisted, because efrired to try to maximise protein levels.
However, given the nature of the newly-raised qaast it seems most unlikely that a simple
answer can be found again, even if the same iriduptocess for bread-making continues to
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dominate. The new answers will need to be sougbteasingly, in the introduction of greater
diversity together with a greater concern for sbacof new varieties in the sites in which
they will be grown.

Furthermore, particularly because of climate deksation, there will be an increasing need
for the availability of different genotypes with mpsing characteristics (e.g. the ability to
grow well in dry/wet or hot/cold conditions) to lggown close together and to produce
acceptable quality under these different conditiorfss can be achieved by mixtures and
populations.

Some experiences from comparison of pure lines, ntixes and populations

The background to the experimental series with pumes, mixtures and composite cross
populations of wheat will be described briefly Iretpresentation (Wolfe, 2009).

The twenty parents used in the trials varied fboathe pre- and post-harvest characters that
were assessed. The variation was correlated far aaztbined under organic and non-organic
conditions although the r2 values were often londeled, there were many significant
differences. The general tendency, as expectedfavanodern varieties to respond well to
non-organic management whereas older varietiesatid

Among the quality characters measured, those thes worrelated positively with yield, such
as Hagberg Falling Number, were correlated neggtiwveéh characters associated with grain
protein content. Those characters that were coectlpositively with grain protein (e.g.
thousand grain weight, specific weight), were datexl negatively with grain yield. In other
words, the distributions of variation among theietses varied considerably among different
characters. The problem here is that the charattiaetsve looked at represented an arbitrary
selection of a few measurable characteristics: avaat know how representative they are for
any definition of bread-making quality in wheat.this sense it is instructive to note that two
independent millers who recently tested the pomratfor milling quality did so by baking
bread from the milled samples, despite the appareaitability of a number of simpler test
methods.

The mixtures and populations tended to give inteliate values for each of the measured
values, often slightly higher than the mean, batthe case of populations and Hagberg
Falling Number, significantly worse. Interestingthere was a tendency for the mixtures to
perform slightly better than the populations una@n-organic conditions, whereas the reverse
was true under organic conditions. We believe togld be due to a greater frequency of
redundant genotypes in the populations under thfFiceed conditions of the non-organic
system.

Although the mixtures and populations tended te gitermediate values, there was clearly
considerable variation within the plots of eachr Bwe populations, visual inspection and

some data, including molecular analysis (J Snapesomal communication), indicated that

this variation includes transgressive segregatioat is, genotypes expressing characters to
levels beyond those found among the parents.

As well as absolute measures of specific chargcteesmeasured the stability (reliability;
superiority) of the populations and mixtures conepamith the pure stands. Again, for
individual characters, the populations and mixtutesded to give intermediate values,
although these values were more often better tivanage when compared with absolute
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measures. Individual varieties often showed comalde variation, i.e. they were unreliable

or unpredictable, particularly in relation to theerformance in non-organic versus organic
systems. As a note of caution, some of the appamemiability was due to location rather

than system; this needs further analysis.

Inspection of a single character, such as yield,afusolute value together with reliability,
might suggest that the mixtures and populationfopeed adequately, but not outstandingly.
Most importantly, however, this conclusion requites qualifications:

a) the performance of the mixtures and populatwas predictably adequate, whereas that of
each of the pure stands was generally less préticta

b) if we examine more than one character, the pmdace of the mixtures and populations
was predictable and reliable for each characteeddcelative to the pure stands. In other
words, the overall performance of mixtures and pefjpans under a range of environmental
conditions, was notably better, and more predietabian that of any of the pure varieties.

In this sense, it is important to keep in mind tlsaich an even performance across
environments is obtained by having a very large emof interacting genotypes within one
space (as noted by Darwin from his own experimentse Origin of Species). Moreover, the
frequencies of these genotypes change dynamicailysponse to environmental conditions.

This approach to uniform performance across mamy@mments is, of course, totally distinct
from the current approach of using a single ger®tgnd controlling the surrounding
environment through application of a wide range chiemicals. This approach is not
sustainable.

The trials described were designed to provide godpnity to compare pure lines, mixtures
and populations. However, in practice, this dogsnmean that we may not combine some of
the advantages of each approach. For example,romere varieties that are outstanding for
particular quality characteristics could be mixetbia population with high potential for both

quality and yield. This should provide a bettemuasce of high quality performance under a
range of variable conditions. The composition ofrs@ complex mixture could easily be

changed for different locations.

If this approach of using complex mixtures and pafions is developed, what useful role

could molecular genetics play? There may be sevelas — both fundamental and applied.
For example, there is a need to develop a bettéerstanding of the variation available in

gene bank material — to be able to recognise, Xamgle, a much wider range of genetic
contributions to quality. At the more applied levele need a better understanding of the
guestion of redundancy in complex populations,ewample, to help define the number of
parents needed to form a population. Molecular ysmalcould also help in determining

response to location — we know very little abou¢ thffects of geographical scale on
population response: does this occur over a fewirnetres, metres or kilometres — does it
depend on the characters involved? Indeed, suclstiqgne are fundamental to our

understanding of evolution as well as to the conecméperformance of wheat.

So, despite the current view that purity of cropdurct is essential for high quality processing

of wheat, | would argue that this is neither susthle nor is it necessarily the best way to
accumulate the many characteristics needed forupiod different bread and bread products.
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However, to make the necessary changes, theredk fatther work to be done, to which the
tools of molecular analysis can provide valuabfghts while accelerating progress.
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Application of markers when breeding for baking qudity.

Stine Tuvesson, Eivor Svensson, Ingrid Happstadiing, Henriksson, and Ebrahim Kazman
SW Seed, Svaldv, Sweden, Stine.tuvesson@swseed.com
'SW Seed, Hadmersleben , Germany

SW Seed breeds winter wheat cultivars for Northeamd Central Europe and spring wheat
primarily for the Scandinavian market. Several dneg methods are used to bring quality
wheat quicker to the market: Doubled haploids, Isirsped descent, breeding generations in
Chile (spring wheat), and early generation selectidh molecular - as well as other markers.
The baking laboratory plays a key role for selattend quality testing throughout the
breeding process.

Baking quality is considered one of the most im@airtand challenging targets for wheat
breeding. It is a complex trait composed of sevehalracteristics but a major determinant of
quality is protein content together with proteinality. Unfortunately there is a negative
correlation between grain yield and protein contamd the amount of protein in the flour is
largely dependent on environmental conditions.

In the breeding process parental lines with balqoglity are crossed with high yielding
types. Not only high quality and high kernel yiglcte combined. Other important traits such
as disease resistance and tolerance to abiotissstiee also incorporated. Since most
agronomic traits are controlled by Quantitative iffraoci (QTLs) and are under
environmental influence, stability in yield and ttyaover different environment is extremely
important. A better adaptability of a wheat cultiva e g low water, low N, and tolerance to
abiotic stress such as drought or cold means bniragl¢he market.

At SW Seed, selection for baking quality is carred by traditional methods in a baking
laboratory in combination with protein marker arsady A fully equipped baking laboratory in
Svalov performs analysis of grain and flour projsttvolume weight and thousand kernel
weight, kernel hardness, protein, Zeleny sedimamtagluten quality and Hagberg falling
number (HFN). HFN is an indirect measure of thehalamylase content, an unwanted
feature for bread quality. The Mixograph mixes wadad flour and is a quick and cheap
method to measure time of dough development ariailisteof the dough. This method is
used often in earlier generations and for testingav from different environments.

Dough strength and extensibility are measuredenitiveograph using fixed volumes of flour
and water. In the Farinograph water is added igeal fvolume of flour and water absorption
measured. Other technological properties measuyrdédebFarinograph are the time of dough
development and dough stability. Often the douglxenhiin the Farinograph is further
analyzed in the Extensograph which measures théanéel resistance of the dough. These
more detailed rheological analyses are performedatar generations in the breeding
programs. In the last stage, the test baking, ¢ktute and volume of the baked bread are
measured.

Protein (gluten) concentration and composition @renajor importance for baking quality.
There is a strong positive relationship betweeinggiuten concentration and the texture and
volume of the baked bread, and an increase in iibip content of flour from 10 to 14%
results in an increase in loaf volume of almost 50¥e protein composition is of particular
importance for bread-making quality and can begfexi for different growing areas and
baking processes. With decreased protein contemtallow-N conditions, as is the case for
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cultivars grown in our part of the world, the idpabtein pattern may differ compared to other
parts of Europe. This makes protein (gluten) contiposa very important breeding target.

The storage proteins glutenins and gliadins arartaen components of gluten. Diversity of
allelic composition of these monomeric and polymegnioteins correlates with differences in
certain characteristics of dough physical propsriancluding flour and dough strength and
dough extensibility. At SW Seed a half-seed metisagsed to select for important alleles in
the high molecular weight (HMW) glutenins in vergrly generations as well as whole
seed/several seeds methods are used in later jensraSuch protein profiles are also useful
to distinguish wheat cultivars and for purity assesnt, parameters in the ‘Distinctiveness,
Uniformity and Stability’ (DUS) test of new cultive and protein profiles may support
morphological DUS traits. Protein profiles are et useful for maintenance breeding to
confirm ‘true to type’.

In the SW marker laboratory, a set of microsatel([BSR) markers distributed over the wheat
chromosomes are used to characterize wheat liks@tivars to produce trees of genetic
relatedness or dendrograms. Dendrograms helpsdreetal get an overview of the genetic
variation in a breeding program and to select pgarér future crosses. DNA- and protein
markers are used to breed for disease resistadcether traits in wheat. Both microsatellites
(SSRs) and isoenzymes are used to select for eydsease resistance, and SSRs and other
PCR based markers for powdery mildew &mgptoriaresistance. We are part of a consortium
with John Innes Centre to develop markers to Hagtaling number (pre- harvest sprouting
and pre-mature alpha-amylase), and a consortiudevelop markers t&eptoriaresistance.
We use association mapping with Diversity Array Aiealogies (DArT) markers to improve
winterhardiness and EFOS (‘Enzym Fordgjeligt Orglarétof’, an energy analysis for feed
guality) for Scandinavian conditions.

There are several markers for baking quality traitshe public domain. Some successful
examples are HMW Glutenins and puroindolines. Gedonespuroindoline are completely

linked with grain hardness, a major determinanfflo@ir yield. In particular, since these

markers are gene-based they can be easily intdgmatéhe breeding programs and when
many wheat traits are under simultaneous markestadsselection, the selection for baking
guality can be performed with markers in a costefit manner.

Acknowledgement: SLF/Formas is acknowledged faaritial support
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Tomato breeding for taste by Oldendorfer Saatzucht

Ulrike Behrendt
Oldendorfer Saatzucht, Holste, Germany, ulrikebett@freenet.de

Prerequisites and aims

As in conventional agriculture, also in organic tleuture tomatoes are of great economic
importance. Breeding for organic agriculture airhglifferent cultivation methods related to
different marketing strategies and farming condsioSmall growers approach the market
directly, whereas larger growers offer their pradum wholesalers’ through two to three
steps. For such conditions one needs firm tomato#sa very long shelf life and a high
yield, which requires a high wire system and a édajlasshouse. Medium large growers
often grow their tomatoes in (unheated) plasticvéls and in most cases sell their products
either on-farm, or at the farmers’ market or topecal trader. For this last category the
breeding program in Oldendorfer Saatzucht is ainaindzspecially for this type of cultivation
a good taste is an essential breeding goal. Fuegsantial preconditions for being adapted to
such cultivation system is a sufficient yield, gqadnt health, good fruit firmness and shelf
life and low nutrient requirements.

Breeding program

At the start of the breeding program some real loaglife and semi-longlife types appeared
on the market. The growth, yield and taste of a ¢dder varieties propagated under organic
conditions were satisfying, but had easy softerfitags and no Cladosporium resistance. In
1996 several modern varieties were crossed withesmrganically maintained varieties. The
breeding lines were selected over nine generafimnsptimal homogeneity to obtain open
pollinating varieties.

The genetic resources originated from the firsssimys between varieties that have been
bio-dynamically propagated over many years, froncktal tomatoes and some hybrid
varieties of the semi-longlife types of 1996. le $ubsequent years the lines have partly been
improved by single plant selection, and partly nstant new crossings. This included
double and three way crossings in order to bring marents together. The lines were
improved through single plant selection. Besidesgrly extensive evaluation, tasting and
characterisation have been conducted. Based oe tfaisa new single plants were selected.
The lines are now partly in the F11 and are theeefmmogeneous. The first varieties have
been registered.

Selection for taste

The selection on taste is yearly conducted fronFthenwards. Besides at least 2-3 plants per
breeding line are being selected and marked baséukeoother criteria. From such plants fully
ripened fruits are harvested, and vertically sliaad eaten by 3-4 persons. Besides taste, also
the inner colour of the fruits, and greening ansh $kmness was evaluated. A scale for 1-9
was applied, also for the taste. Next to this alkmma, acid-sugar balance, corny taste, etc.
are described. When the fruits of the selectediplare not good enough, one explores further
within a breeding line until both plants with thesb fruits are found. To be able to choose
between the both selected plants for next seasawigng, a good mark for taste has a high
priority.

When homogeneity of the lines is achieved, theestdgegistration of the variety is reached
and the taste is more intensively compared witlkerotarieties and lines.
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Experiences with Pedigree Selection

The development of the single plant offspring dat occur linear. The in the F2 selected
types were no longer present when the homogeneitarbe more apparent from the F7
onwards. Especially those lines which were verg iicthe F2, developed in a negative way,
whereas lines with small fruits and a chaotic gfowhowed a large potential of different
types including beeftypes. Very often one couldeobs a depression in the F4-F5 for
valuable traits. This holds also for taste. Appnexiely in the F6-F7 the line seems to have
found its form and from thereon no more big changesur. One can then not influence the
change of the traits by selection. For instanceerwdit that time fruits are corny, one is very
limited in correcting such trait through selection.

How can one develop a good taste in tomato?

First of all, a good taste has very many aspealsdapends on the type of tomato. A cocktail
tomato should mainly have a large proportion ofasugith sufficient acid, where a normal
fruit type can contain less sugar but should havraato’ aroma. Besides, the firmness
(texture) of the flesh is important. Sometimesr@én’ additional flavour appears, related to a
not complete ripening. Some lines already tencstetwell in the orange-red stage, whereas
others develop the aroma only with full ripeningjgBtly overripe fruits can have a slightly
dull taste, but this does not always occur. Unrilzaned fruits often have a better taste.

The ability to develop a good taste will not appeader all circumstances. The development
of taste further depends on several conditionss fioit only includes the fertilisation level,
but also the type of fertilisation, e.g. differifg a rapid soluble organic manure or a ripe and
good prepared cow manure compost. Also the sod typd soil conditions have an influence.
Further more the climate plays an important rotel thus the tomato’s taste differs per year.
Phytophthora can spoil the taste, and also therwaémagement is one of the determining
factors. Too highly fertilised plants which tend sty very ‘watery’, will not taste in later
stages of the development, even though the vanetya good potential.

Conclusions

A good taste is a gift one receives when one cahiseza balance between outer and inner
(genetic) context of the plants. When plants cawgand be selected over generations under
varying conditions, a stable good taste will paerfahat can manifest itself later during the
cultivation also under less favourable conditidfrem the wide range of phenotypical aspects
one can surely state that the characteristicsaifeatelated to taste are polygene. Therefore a
molecular marker assisted selection does not sesyn appropriate. One might determine
single aspects of a good taste, such as sugarntdmgemolecular markers, but that is not
something which cannot be achieved by consciouscteh. A human being can perceive
taste in a holistic way and this holds for a breeewell as for a consumer. My concern is
that when at certain stages in the selection psogesecular information becomes dominant,
the important view on plants as a whole will bertgd.
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Application of MAS in tomato breeding programs for taste

Sjaak van Heusden & Arnaud Bovy
Wageningen UR Plant Breeding, Wageningen, The Netius, sjaak.vanheusden@wur.nl;
arnaud.bovy@wur.nl

Introduction

Since the early XVI century tomato started spregdim Europe and fruit consumption
gradually started in Southern Europe. Nowadays toesaare one of the most economically
important vegetables, cultivated both for the fresérket and the processing industry. The
focus of tomato breeding is on greenhouse tomatbese the highest profits can be realized.
In the 70’s and 80’s the main breeding aims wegh hjield and long shelf live but this
shifted in the 90’s towards improved taste andebetutritional quality.

Flavor is a complex and subjective trait. Flavaitsr can be relatively easy to measure (e.g.
soluble solids and pH) but can also be the conseguef complex interactions. The use of
trained taste panels aims at reducing the subjictiv Molecular markers havdoeen
extensively used to pinpoint those chromosomal oregiimportant for the trait under
investigation. After identifying the molecular mark the markers can be used in molecular
assisted selection (MAS).

This presentation will focus on the use and develqus of molecular markers for taste
characteristics in tomato. Special emphasis willobethe marker development within the
Centre for Biosystems Genomics initiative.

Outline

One of difficulties in tomato breeding is its limit genepool of tomato; this is caused by the
tomato breeding history where several bottleneakse hresulted in the low level of genetic
variation. This not only means that there is a lewel of variation in traits but also in
sequence differences. Several wild crossable wgdcies have enlarged the breeding
genepool of tomato. The most important of thesa wpecies ar&. pimpinellifolium, S.
peruvianum, S. habrochaites, S. pennellii, S. m&oriand S. chmielewskiiOver 60.000
accessions of cultivated and wild species of tonaaéomaintained in genebanks all over the
world. Until now MAS in tomato has mainly been ugedimproving simply-inherited traits
such as several disease resistances. There ixample of a Quantitative Trait Locus (QTL)
for a taste characteristic from a wild species tisaactually used in breeding programs.
Fridman et al (2004) identified the (QTB)ix9-2-5in an introgression line &. pennelliin a

S. lycopersicurbackground. The presence of this QTL increasesubar yield of tomatoes.

In The Netherlands, the Centre of Biosystems Geo®@BSG: see www.cbsg.nl for details)
has started in 2003 a program for identifying chweomal regions associated to organoleptic
related characters (van Berloo et al. 2007). A0§84 tomato cultivars was provided by plant
breeding companies from their collections of cutrand historic germplasm. The set was
selected to contain a high amount of diversity witlgard to many tomato fruit quality
aspects. All 94 cultivars were grown in two sucoesgears and scored for metabolic fruit
contents using liquid and gas chromatography coetbinith mass spectrometry (GCMS &
LCMS; Tikunov et al. 2005) and other chemical gatuch as dry matter content, soluble
solids, pH and more). A trained taste panel quadtifsensory attributes. Genetic
fingerprinting resulted in 1200 polymorphic markefsssociation mapping showed for a
number of important quality traits clear associagiovith genomic markers. To further
identify marker trait associations a prediction waade which parental lines of four hybrids
harbored a maximum of diversity. A half diallel sstng scheme resulted in six F2
populations. These six populations were analyzedHe traits mentioned above and trait-
marker associations were calculated. During thissphof the research it became more and
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more obvious that the lack of DNA-polymorphisms wasdering the analysis more and
more. There is a strong need for good marker cgeeod the tomato genome and for good
mapping populations. Recent developments haveettestveral possibilities to look for the
scarcely present sequence differences in tomaitgh Hiroughput genotyping will allow an
efficient search for marker-trait associations. éebinant Inbred Lines (RILsS) have been
made of a cross between two cherry tomatoes, bataemerry tomato and a round tomato
and finally between two round tomatoes. Since Rites homozygous they are an immortal
source of genotypic identical plants which allowgeriments with many repeats and in
different environments.

The experiments described above will lead to a rermndd marker trait associations. New
technologies will allow the detection of closelgked markers or potentially reducing linkage
drag. Whether the possible changes in certairsteaé important enough to select for depends
of course on the potential added value to the eodyet (the new improved tomato cultivar).
Breeding for taste will always be a difficult tagheople have different taste sensations and
different moods. The way the tomatoes are grown &meir post-harvest handling
(refrigerator!) also play a pivotal role in thedimguality and taste. The presence of genes and
QTLs sets only the bandwidth of some taste chatiatites but are not a guarantee for a tasty
tomato. Always nicely tasting tomatoes is only pussif besides a potentially good tasting
tomato consumers realize that they have to maké&ehoThe fact that only 15% in the
decision to buy a specific tomato variety relatetaste.
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Principles of Organic Agriculture

L.W.M. Luttikholt
IFOAM, Bonn, Germany, l.luttikholt@ifoam.org

Introduction

The organic movement has been value-based fromerisbeginning. In the first half of the
20th century all founders of what is now called ¢inganic movement were concerned about
the development of agriculture at that time. D#f@r schools of organic agriculture
developed. With the expansion of organic agriceltur the 1970s and the development of
different standards the need was felt for more peration. This led to the foundation in 1972
of the International Federation of Organic Agricuét Movements (IFOAM) by five organic
agriculture organizations from South Africa, theAJ&d Europe.

Since that time the organic business has grownemeously, and although still a
small sector - worldwide 30.4 million hectares, gthaccount for 0.65 percent of the global
agricultural land (Willeret al, 2008) — it is growing out of its niche and gedtirecognized
increasingly. Challenges and opportunities accompliag continuous growth.

Organic standards so far prescribe positively ttmlpction and processing method;
the (limits to) impact on the environment, or thaywhe produce is packed, transported and
marketed are not regulated. Besides the regulatmes not go into details e.g. whether
specific techniques in breeding are allowed or areged. The phenomenon of genetically
modified organisms is regulated in both private aodlic regulation in a negative way: it
may not be used for the production and in procgssiganic products. It can be concluded
that the expansion of the organic sector in a wtrét also develops and brings about new
techniques offer challenges to organic agriculture.

Some people in the organic agriculture movemerd the pioneers working in the
sector over a long time express their unease at®gtobalized growth (Woodwaret al,
1996). They are worried that the values and motivesn which the organic movement
started are no longer the values of the growingen@nt today.

IFOAM has taken up this challenge in an attemptbtolge the values from the
pioneers to the developments in globalization aadnionization, its extended membership,
and also to new philosophical concepts and notlikes ‘ecological justice’ (Alrge et al.
2006). IFOAM came to the conclusion that the baalces, the fundamental underpinning of
organic agriculture, needed reflection and discurssi

Approach to articulating and institutionalizing values
From the end of 2003 until September 2005, IFOAM @8 members were engaged in the
articulation of the principles of organic agricutuBy the very nature of its organization, i.e.,
a democratic federation, the process within IFOARSwonducted in a participatory manner
and not in a top-down way. The process was findlegethe federation’s general assembly in
September 2005, when the 'Principles of Organic
Agriculture' were adopted.

Historically, IFOAM has included a list of principbaims in a preamble to the
IFOAM Basic Standards, where they served as aodaotition to the Standards. They were
written to clarify the aims of organic agricultuend were directly connected with the
standards. Over time they were changed as newarsapere introduced, e.g. standards on
organic processing. The principal aims pointed aitare perspective, at the goal of organic
farming, the horizon, and the reason why one besdam@lved in organic farming.

In March 2003 the IFOAM World Board formulated IF®Is mission as:
“Leading, uniting and assisting the organic moveimerits full diversity. IFOAM’s goal is
the worldwide adoption of ecologically, sociallydaeconomically sound systems that are
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based on the principles of organic agriculture OFM’s mission statement and goal refer to
the principles of organic agriculture. In order fmve on from this general statement to
tangible outcomes, it was necessary to enter imtiaild as to what is meant by these
principles.

To organize a truly worldwide participatory proceas many as possible different
voices from inside and outside the sector mustdsed) reflecting different points of view,
perspectives and settings. A task force of 8 persomd a consultative group of over 40
persons spearheaded the review of the principkasicants were recruited for both groups,
taking into account diversity in background, regiaggender and history in the organic
movement.

Method, scope and purpose
To set the scope for the work, in January 2004 AMG world board formulated terms of
reference and a preamble and gave directions t@a#keforce for the final result:
* An independent document, no longer directly cated with the IFOAM basic standards.
This direction meant to increase the meaning ofgheciples. The application should be
broader than only for standards. So the princighesuld be decoupled from the standards and
be introduced for all organic agriculture, e.g.imformal settings, in policy making and
advocacy.
* A slight change in point of view from ‘principalms’ to ‘principles’. Where principal aims
point at a future perspective, a horizon, the fpies should reflect the basis, the ground on
which organic agriculture stands. It is the stgrtpoint from which organic agriculture can
develop. However, in practice the change in petsgeds not as huge as theoretically
described here. Respondents in the process exgrisgethe principles not only reflect their
personal attitude, but they wish the principlesdoéoa future perspective and vision for the
world at large.
* A balance between ‘clear and short’ and ‘compéatd holistic’. The principles should be a
short and clear description of the values of orgagriculture, easily to convey to outsiders
and used for describing in a concise manner wigdroc agriculture is about. At the same
time, the principles should do justice to all diffiet settings, in which organic agriculture is
practiced worldwide, where different values are ami@nt, depending on the development of
the sector and the cultural, social and econommtestd. The principles should not reflect one
dominant view or regional perspective, but be isisle and mirror the thoughts of the global
organic movement.

With these challenging directions given, the wookld begin. The task force sent out
a first questionnaire to the consultative grouputlibe purpose, function and form of the
principles of organic agriculture.

The feedback resulting from the first questionnairemmarized that the principles
* are to be the foundation and framework of orgagidculture;
* will lead and unite the organic movement;
* give guidance (in standards, policies, in genesald inspiration (internally for the
movement, externally for change);
* should be universal and are regionally applicable
* should provide identity;
* should be simple and ethically normative.

Thematic areas and first articulations

A second questionnaire asked the members of thsuttative group for input on ‘thematic
areas’ on which the principles needed to be deeelophe task force considered the input of
the consultative group, grouped the input and ifledtthe following overall themes: ‘holistic
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health’, ‘livelihood — equity’, ‘biodiversity’, ‘siv, ‘cyclical systems’, ‘animals’, ‘local
markets / accessibility’, and ‘precautionary prpiei.

The third round of consultations elaborated furtberthis and tested a first rough
draft. From the eight themes that were initiallgnéified, ‘local markets / accessibility’ and
‘biodiversity’ were not linked to a separate prplei but were considered to be a part of other
principles. So six principles were articulated wiirst wording and were presented for
feedback to the consultative group.

The task force on the review of principles of orngaggriculture processed the input
into a second draft. In order to be more inclugive draft was translated into French and
Spanish. This draft reduced the number of prinsigte four. ‘Animals’ and ‘livelihood —
equity’ were both thought to be part of the moreravching principle of fairness. ‘Soil’ was
considered to be a crosscutting theme and ‘cycligstems’ was changed into ‘ecology’. This
fourth round of consultation was sent out to alDAM members and provided for a response
time of almost two months, giving the respectivember organizations the possibility to
discuss the draft at their local or regional magtinAlso external stakeholders, like civil
servants involved in government regulations, wewged to give feedback.

In the next step, the task force on the reviewhef principles of organic agriculture
studied the comments and took due consideratioth@fsuggestions. All feedback from
internal and external stakeholders has been mablkclyuavailable, as well as the analysis
and response of the task force.

Final draft and approval

The final recommendation for the review of the piites of organic agriculture was
submitted to the IFOAM world board, and includedeaponse to the internal and external
feedback and a rationale of the task force forat®mmendation. In its meeting of June 2005
the world board decided on the motion and wordorglie principles of organic agriculture to
be put forward to the IFOAM general assembly oft8eyber 2005 at Adelaide, Australia.

During an interactive session at the IFOAM genasdembly, the so-called motion
bazaar, in which more than 50 representatives ahlpee organizations participated, 26
amendments were suggested to the world board fodimgr The board considered nine of
them to be an improvement of the text. Seventeeandments that the board did not approve
were voted upon, of which the two following wereagted:

To include ‘food sovereignty’ in the explanationtbé ‘Principle of Fairness’.

The notion of ‘food sovereignty’ expresses, acangdio the submitters, the right of peoples
to decide on their own food systems and food valaed the right to produce their own food.
This notion can be understood as a reaction tglthtealized trade in basic food commodities,
which often destroys local market dynamics. By adiegythe proposed principles with ‘food

sovereignty’ the submitters wanted to express thr@anic agriculture plays a role in

stabilizing local markets and positively contritaite local community development.

To include ‘indigenous knowledge’ in the explanatiof the ‘Principle of Care’. By
including ‘indigenous knowledge’ agricultural habifrom different cultures that often have
proven to be sustainable over thousands of yearsrespected. It adds to ‘traditional
knowledge’ as it points to those cultures thataneently considered to be minorities and are
In some cases even under threat of disappearance.

Finally, the IFOAM general assembly of Septembey228pproved the amended principles of
organic agriculture.

The Principles of Organic Agriculture

Principle of Health. Organic Agriculture should &is and enhance the health of soil, plant,
animal, human and planet as one and indivisible.
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Principle of Ecology. Organic Agriculture should based on living ecological systems and
cycles, work with them, emulate them and help susteem.

Principle of Fairness. Organic Agriculture shouldld on relationships that ensure fairness
with regard to the common environment and life oppaties.

Principle of Care. Organic Agriculture should benaged in a precautionary and responsible
manner to protect the health and well-being of enirrand future generations and the
environment.

From Principles to Breeding Standards

The IFOAM Basic Standards contain a section on tD&&ndards. Draft Standards are
intended to be elevated to full standards. Theyadse intended to guide standard setting
organizations in developing their own regionallyapttd standards. Since 2002 Draft Plant
Breeding Standards were published as a consequehdeitiatives taken by member
organizations, (later described by Lammerts vanr@uand Struik, 2004 and Verhoegal,
2007), supported by the General Assembly.

The General Principle of the Draft Standard is falated as: ‘Organic plant breeding
and variety development is sustainable, enhancestigediversity and relies on natural
reproductive ability. Organic plant breeding is alistic approach that respects natural
crossing barriers and is based on fertile plardas ¢hn establish a viable relationship with the
living soil. Organic varieties are obtained by argamic plant breeding program. The
objectives of organic plant breeding are to mamgaid further diversify organic production.’

The Draft Standard holds recommendations: ‘plameders should use breeding
methods that are suitable for organic farming. rllltiplication practices should be under
certified organic management. Breeding methodsnaagrials should minimize depletion of
natural resources.’

Based on the General Principle and Recommendatiegsirements for standards are
formulated, containing suitable breeding techniques

Since the acceptance of the Breeding Standardsraf D the IFOAM norms,
IFOAM revised its norms system, concluding that é&xésting standards should be brought
more to a level of ‘standards for standards’ i.Bamework for standard setting bodies, rather
than direct certification standards. The Draft Bliag Standards however are, in contrast,
intended to be direct certifiable standards.

The IFOAM General Assembly in 2008 therefore addpte following motion: ‘To
complete work on the draft plant breeding standasisoon as possible with the view of
adopting them as IFOAM (certification) standardd/ith this motion the organization is put
to work to finalize the draft plant breeding stamt$ainto a full, voluntary, certification
standards, minding the code of good practice ofdsted setting bodies as agreed within the
ISEAL alliance, implying due stakeholder involverhen
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Genetic variation in inducibility of resistance in tomatoes against
Phytophthora infestans and the influence of biofertilisers and plant
strengtheners.

M. R. Finckh, Butz, A.F., Schulte-Geldermann, EiBrC., and Sharma, K.
Ecological Plant Protection Group, Faculty of OrgarAgricultural Sciences, University of
Kassel, Witzenhausen, mfinckh@uni-kassel.de

There are numerous instances in which induced pksistance responses (IR) have been
demonstrated. However, before IR can be made usepoéctice it is important to understand

as much as possible the ecology and genetics ointhecing agents and their interactions

with plants and pathogens. Effects of host genketickground were tested with thirteen

tomato varieties and two isolates of Phytophthofastans. Isolate effects on inducibility

were tested with six varieties and six pathogetaiss. Leaf disks of plants that had been
treated with BABA (DL-3-aminobutyric acid) or watesere inoculated seven days later with

20 pul sporangial solutions of 5*fGporangia mt. All experiments were repeated three times
with six replications each. Disease reductions tulduction ranged from 43 to 100% and

were independent of the susceptibility of the wgri® the isolates when not induced. The
interactions between isolate and variety with respeinducibility were highly significant.

In a subsequent series of trials, three biofeetifz(BF) and three plant strengtheners (PS)
were tested in comparison to chemical fertilizeplejation and BABA (DL-3-amino-n-
butanoic acid), respectively for their effects be teactions of six different tomato varieties
against three isolates of Phytophthora infestafissxperiments were repeated twice with six
replicates each. Two of the BF (Biollsa and Bioféaghlity) significantly reduced late blight
severity as compared to horn meal and chemicaliZert with no fertilizer by isolate and
fertilizer by variety interactions. All PS signifiatly reduced susceptibility of all tomato
varieties. The combined effects of PS and BF waelditize without interactions. However,
the interactions among PS, variety and isolatesewaghly significant suggesting that
different resistance mechanisms might be triggénethe PS and BABA. If this is the case
then it might be very useful to identify moleculararkers associated with the different
mechanisms involved in inducibility of resistance éfficient selection and combination of
these traits.
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SSR based study of grapevine varieties of Carpathmabasin and Hungarian
origin

Andrea Kitti LencsésErzsébet KissDiana Katula-Debrecenj Zsuzsanna GalbatsStella
Molnég, Gébor Halasz Sarolta Hoffmanfy Aniké Vere§ Antal S#ke', Laszlé HeszRy Pal
Kozm

Szent Istvan University, Institute of Genetics dbibtechnology, Godafl Hungary,
Kiss.Erzsebet@mkk.szie.hu

Research Institute of Viticulture and Enology, Rétisngary

Summary

Grapevine is very rich in varieties, the numbewraifieties can be estimated at 10,000, many
of them are cultivated in the world. During thetbryg of viticulture many varieties have been
formed by selecting the naturally occurring genetypr by deliberate crosses. From the gene
centre ofVitis viniferain Trans-Caucasia viticulture dispersed in the Kégchnean Basin,
Europe, Asia, Africa and later in America and Aak&r. Commerce, migrations caused not
only the blending of human, but the cultivated plaopulations, too. As a consequence
grapevine cultivars partly derive from the selettad local or geographically distant crosses.
DNA genotyping may result in unexpected facts agHe origin of the cultivars. Not only the
proximate, but the second- or third degree relatigrs can also be determined on the basis of
DNA fingerprints. Therefore it is very importanhat more and more molecular marker data
should be available - beside popular internaticnéivars - for the local, regional varieties or
genebank accessions. One of the objectives of ggapemic researches in the Institute of
Viticulture and Enology and in the Institute of @&&ns and Biotechnology to characterize
with microsatellite fingerprints the grapevine edies, autochthonous in the Carpathian Basin
and the cultivars produced since the 19th centuiyungary.

Mikrosatellite or SSR (Simple Sequence Repeatggfiprints have become efficient tools for
characterizing the grapevine cultivars. In our presstudy varieties autochthonous in the
Carpathian Basin, cultivars bred in Hungary, grapey {itis vinifera L.) of various
geographic origin were characterized at 12 micedié&t loci. Based on allele size results of
115 varieties the Hungarian Vitis MicrosatelliteF5Batabase has been established. For sake
of comparison international cultivars such as Cbandy, Pinot noir, Merlot, Heunisch weiss
were also included into the analyses. The allele data obtained can help in determining the
genetic distances between the cultivars; tracingndpedigrees of the varieties; discovery of
primary and secondary relationships between grapewultivars. The database can be
reached on the homepage of the Institute of Geneditd Biotechnology, Szent Istvan
University, Godok (Address: http://www.mkk.szie.hu/dep/gent/).

Research is supported by the Hungarian Scientiéisgarch Fund (OTKA K62535, M36630,
M45633) and the GrapeGen06 EU Projekt.
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Possible role of the old Hungarian wheat varietiegh Fusarium head blight
resistance breeding
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Fusarium head blight (FHB) caused by various Fusarspecies is a widely investigated
biotic stress factor throughout the world. Untieti970s the disease was only reported
sporadically in Hungary, but as the old Hungariarieties were replaced by genotypes
suitable for intensive production technologiesjaratvide epidemics began to occur. The aim
of the experiments was to detect and analyse thetigefactors responsible for the FHB
resistance of old Hungarian wheat varieties. Tisestant ‘BKT9086-95’ line developed from
the variety ‘Bankuti 1201’ was crossed with the madely FHB-resistant variety ‘Mv
Magvas’ to create a single seed descent popul&biothe purpose of studying the genetic
background of resistance. Based on the resultsecitificial inoculation, 15 resistant and 15
susceptible genotypes were selected for the purpbbelked segregant analysis. The bulk
samples and the parents were analysed using théfiachfragment length polymorphism
(AFLP) method. The two bulk samples and the paresi® tested with a total of 81 primer
combinations, and an average of 5.02 deviationggaation was found between the parents.
AFLP patterns similar to that of the resistant pamere found in a further 16 cases. On the
basis of the BSA results the testing of the whad@ypation using the AFLP and simple
sequence repeat methods has been commenced.
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Research on breeding for organic farming has beeently started at Priekuli PBS with the
aim to investigate the role of growing conditiott®e most effective selection criteria and to
contribute identification of useful molecular markeBarley breeding work exclusively in
organic growing conditions and partly in convenéiband organic conditions is done in small
amounts at the institute. Usefulness of moleculathiwds is currently considered and first
steps are made.

In our breeding program marker-assisted selectiddS) would be useful mostly for traits,
determination of which is time consuming and expendt could be markers for resistance
genes to diseases, which occur naturally not véignar are expected to cause problems in
future, and for which artificial infection is conighted to carry out e.g. loose smut and
Fusarium Head Blight. Worthwhile could be also plssibility to use molecular markers for
complex traits significant for organic farming, dikyield stability and nutrient use efficiency,
determination of which requires a lot of field tsi@nd measurements, impossible to carry out
in regular breeding program.

Barley loose smutlUstilago nuda can be risky disease for organic farming, esplgcfar
seed production. The best way is to grow complatedystant varieties to this disease, which
means, that major resistance genes are requiregatidl resistance could be used only as
addition to it. Testing of resistance to loose simubur breeding program is traditionally
carried out by artificial inoculation with local shase spore suspension during flowering.
Each flower in 3 spikes per breeding line is inated by syringe. The resistant lines can be
identified only one year later when plants growanir the infected seeds are flowering.
Inoculation of resistant lines is repeated, to aperthe resistance. In addition to field tests for
loose smut resistance we are currently testing R-P&ed molecular marker fam8 gene
(Eckstein et al., 2002) for deployment in MAS irr weeding program. The first results were
inconsistent and comparison of phenotypic and nutdeaesults will be repeatedising of
MAS would give two advantages: determination ofstasit plats will be possible in the same
year, even in seedling stage and it will be posediblrecognize heterozygous plants or lines.
Our research plans in future comprise QTL mapping i@entification of useful molecular
markers of barley traits for breeding for orgaracniing: yield stability, traits connected to
weed suppression ability, nutrient use efficientzy e
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Mixed models and index selection theory (Falcometl lackay 1996) are frequently used as
tools for the analysis of plant breeding and varietperiments. Recently, they have been
applied in the analysis of a large collection ofadeesulting from field trials performed in
different environments (sites or years) under oiggamd non-organic cropping systems in
several European countries (Przystalski et al.320Dhe main objective of the analysis was
to see if the rankings of genotypes tested in W gystems are different and if testing in
organic conditions is providing significant infortiman about their performance. For this aim,
the estimated variance and covariance componeagedion a mixed model, were interpreted
in terms of correlation and selection parametersfulisfor the breeder’'s decisions. The
purpose of the study reported here was to see bi@xtend the model and the data analysis to
the situation where similar questions are askedl,tles answer should take into account a
more complicated structure of the dispersion maifithe random effects. The need for such
an extension, dictated by different characteristit$he organic and non-organic trials, was
suggested by the breeders. We show how the extetmeatiance structure of the model
influences the obtained selection indices and anfee.

References

Falconer D S, Mackay T F C (1996). Quantitative ¢jeseFourth Edition, Prentice Hall,
London.

Przystalski M, Osman A, Thiemt E M, Rolland B, Eriadg @stergard H, Levy L, Wolfe M,
Bichse A, Piepho H-P, Krajewski P. (2008). Dreakvarieties rank differently in organic
and non-organic cropping systems? Euphytica 463:433.

56



Proceedings Workshop on the role of marker assg#attion in breeding varieties for organic adtime, Wageningen-NL, 2009

Molecular markers to select for natural late blightresistance

Friederike Trognitz, Toni Grahsl, Bodo Trognitz
Austrian Research Centers GmbH - ARC, Health andir&mment Dept, Seibersdorf,
Austria, bodo.trognitz@arcs.ac.at / friederike.tnitg @arcs.ac.at

To breed potato cultivars with durable late bligbsistance (LBR), a wide genetic base, a
pyramid of several resistance genes that emploersiv mechanisms to bring about
resistance, and the use of R genes that are rkerbdown in the area are desirable attributes.
Two tetraploid accessions held at the InternatioRatato Center, MF-II (M; group
tuberosum) and TPS67 (T; group andigena), weretseldor their reportedly high resistance
and yield levels across a wide range of productones, that would facilitate their use in
varietal breeding. MT cross progenies were subjettid BR phenotyping and genotyping via
detached leaflet tests witl?. infestansisolates differing for pathotype composition.
Segregation of LBR revealed both accessions posmessdividual dominant R gene in
simplex Rpi-tborM1in M and Rpi-adgT1lin T). These genes are different from all &1
demissunR genes as represented by the set of R genedtiffels. The phenotype &pi-
tbrM1 akins that ofR1 as was determined in the detached leaflet teststhie originalR1
allele as isolated by Ballvora et al. (2002) fronma@nosome V is absent from the genome of
M.

Parental genetic framework maps were constructed) w®nsensus Solanum COSII, CAPS,
and SSR markers, and the novel R genes were looatedromosomes XI (M) and IV (T).

The development of PCR markers for high-throughgmléction for the two R genes is in
progress.

The major results of this research include:

- Two novel R genes conferring resistance to laghbwere found,

- The residual resistance effect when these R garedroken down by local strains Bf
infestanssignificantly contributes to the resistance infileéd, and

- Pyramiding of these two R genes can increasertigs health level.
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Abstract

Production of varieties carrying durable resistarecdghe main goal of resistance
breeding. Resistance can be controlled either k®y gane or can be the result of several
genes. Breeding in viticulture aims at producingicars resistant to the most spread fungal
pathogens: powdery (PM) and downy mildew (DM). 8imoVitis vinifera cultivars carrying
PM resistance genes were found till the mid '6Q-mdd Vitis species were applied as
resistance gene sourceduscadinia rotundifoliais an excellent gene source carrying the
Runl dominant PM and th&pvl major DM resistance genes. M rotundifolia x V.
vinifera) BC, hybrid of French origin has been applied since6li®9crosses witlv. vinifera
cultivars. However thé/. vinifera cultivars is classified as susceptible, differenttivars
show varying levels of susceptibility. ‘Kishmishtkana’ was described as PM resistant
vinifera cultivar, and was involved in breeding (Kozma et28l06). Dominant PM resistance
gene of 'Kishmish vatkana’ was nam&#nl For pyramiding the three mildew resistance
genes ‘Kishmish vatkana’ was crossed with the.BQur goal was to apply multiplex PCR
for the simultaneous screening f&unl+/Renl+/Rpvl+genotypes in segregating BC
population deriving from the cross of B& 'Kishmish vatkana’.

Pyramiding PM and DM resistance genes by the usenakcular markers was
investigated in F1 progeny derived from the crdsglR 3082-1-42 x Kishmish vatkana. 30
sensitive (according to powdery mildew symptoms leaves) and 808 symptomless
genotypes were screened with SSR and BAC-clongatb(CB) primers.

Microsatellite primer pairs were labelled with Cifsorescent dye and fragments were
analyzed by ALFExpress (Automatic Laser Fluoromete€CR of the CB were separated on
1.5 % agarose gel. Multiplex PCR products were rsd¢pd on 8% polyacrilamide
(ALFExpress) and 4% Metaphor gel.

SSR markers were used to select Ruml+/Rpvl+/Renl+ndividuals containing all
the three resistance genes. All of RRenllinked SSR primers gave the same results, so we
can distinguish th&®enl1+andRenl-genotypes. CB and VMC8g9 primers can also distinct
the resistanRunl+ and Runl- samples. VMC1g3.2 is appropriate for selecting g
resistant B@progeny only in the case of genotypes homozygoushi® resistance allele of
BC, because the same allele sizes were found botiEiraBd Kishmish vatkana. We need to
test more SSR primers linked Rpv1

According to our results theunl+genotypes ar®pvl+also, which proves the tight
linkage of these two markers, with the exceptiotwaf samples which afRunl+andRpvl-
Among the 808 symptomless individuals we found: 2R6nl+ and Renl+ 199
Runl+/Renl-301Runl-/Renl+and 62Runl-/Renl-.

Products of the multiplex PCR were separated orivi&@phor, too. The advantage of
this method is that there is no need of expendwerdscent labelling and ALF machine.
Marker assisted selection is unavoidable for selgdRunl+/Renl+genotypes due to the
same phenotypic effects.
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