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1. BACKGROUND AND AIMS

Fusarium head blight (FHB) is one of the most dmtasy diseases of wheat
(Triticum aestivum L.) worldwide. Serious epidemics appeared in Canadthe USA and in
South-America in Asia as well as in Europe. Epidamcausing heavy damages, occurred
several times in the last decades in Hungary armple in 1970, 1975, 1999 and in 2010).
The head symptoms might attend Fusarium damagatklke(FDK), which is important,
because the damaged seeds are the main toxin eBegrond the yield loss caused, the
danger of toxins is in their harmful effect to humand animal organism.

Fusarium species can be found on cereal seeds, on ceesn] 8t the soil and on
weeds, however most of the infection agent (inaolis produced by the infected plant
debris left on the field. The toxins, produced hg pathogens might appear also in haulmy
feed, in straw as well as in cereals on stock gRatral. 1995).

The most outstanding ecological effect influenciRgsarium head blight is the
weather. Rain or high relative humidity and relelyvwarm weather is necessary for the
infection, therefore the amount of rain during tlesvering period is important. Following the
infection, warm and humid conditions are benefitmalthe fungus to spread (Atanasoff 1920;
Mesterhazy 1995).

There are several methods for protection. The uUs@raper crop rotation, soil
development and nutrient-supply as well as fungidictatment can efficiently reduce the
injury caused byFusarium. The spread of infection can be prohibited by @ssional
treatment of the harvested cereal and by propeagtoconditions. However, only the
production of resistant varieties would mean a sealtion.

Resistance breeding against Fusarium head bligtd & find plant stocks worldwide,
from which chromosome section or sections couldrbasferred into new breeding lines.
Asian spring wheat lines, like Sumai 3, Nobeoka Bd&/angshuibai and Chokwang are the
most often investigated sources with high resisanikhe former resistance sources are
usually sensitive against other diseases (e.g.dpowmildew, leaf rust), moreover their yield
capacity and fitness is low and their technicalliggés bad. The Chinese originated Sumai 3
is one of the most often used resistance sourciibreeding programs worldwide (Rudd et
al. 2001; McCartney et al. 2004; Kosova et al. 2009e low number of resistance sources
and the similar genetic background of their resis¢acan cause selection pressure to the
pathogen, which makes the breeding process moce-iatensive. Despite these theoretical
considerations, these traces have not providegeobhlems in practice yet. At the same time,
involvement of new resistance sources would be ss2cg to improve the level — more
preferably the duration — of the resistance (Rubkeer et al. 2001; Gervais et al. 2003).

A good candidate for this could be the Braziliandemately resistant Frontana, which
originates from the cross of Fronteira/Mentana (8etier and Christensen 1963; Van Ginkel
et al. 1996). Steiner et al. (2004) mapped Frontaiggnated Fusarium head blight resistance
(Type I.) QTL on chromosomes 3A, 5A, 2B, 4B and @&Bd Remus originated ones on
chromosomes 1B, 2A and 3B. Mardi et al. (2006) cordd the existence of the Fusarium
head blight resistance QTL on chromosome 3AL arehtiflied two additional QTL on
chromosomes 1BL and 7AS during the mapping of thentana/Falat population.
Srinivasachary et al. (2008) ascribed the Fusarinead blight resistance QTL on
chromosomes 1B, 2B, 3A, 6A, 7A and 7D as well asplant height QTL on chromosomes
2B and 5B to the Frontana originated RL4137 paredying the mapping of
RL4137/Timgalen RIL population. Berzonsky et al0@Z) identified Frontana originated
Fusarium head blight resistance QTL on chromosoBAes6A and 4D. The importance of
Frontana as a resistance source was affirmed by ¥aral. (2006), who claimed that the



Frontana does not possess identical QTL with thee@ on chromosomes 3B and 6B. This
was verified by the experiments of McCartney e{2004), who stated that the fragment sizes
gained by markers on chromosomes 3BS, 3BSc anavBrg not identical between Frontana
and Sumai 3 (together with the most Chinese origthaesistance sources). This pointed to
the fact that the Asian originated resistance ssihave different QTL than the Frontana has.

Fusarium head blight resistance might be influerimedifferent morphological traits,
like plant height and heading date (Parry et a@5]lMesterhazy 1987, 1995). The accurate
QTL analysis requires the differentiation betweba QTL responsible for resistance and
other morphological traits. These are importantrigler to avoid that the breeders transfer an
undesired morphological trait with resistance QT ¢ase of pleiotropy, linkage drag), or
instead of it (in case of false QTL detection) iatoelite, productive variety during crossing.

The validation of molecular markers is necessarybfeeders to mark constantly the
presence of a locus responsible for the investigatait. The validation of marker
effectiveness linked to a given trait in differgogpulations and in diverse environments is
expedient. All these considerations were taken adcount during the investigation of the
molecular background of the Frontana resistancasde wheat breeders will be able to use
our results later.

The aims of the work were as follows:

1. Validation of the Fusarium head blight resistancéLQn the Brazilian
originated resistance source, Frontana across aeearvironments, with
diverse inoculation methods and in different genke#ickgrounds.

2. Identification of chromosome regions, linked notlyoto Fusarium head
blight severity, but Fusarium damaged kernels, tvigcrarely investigated
in the literature.

3. Investigation of the molecular background of thes&ium head blight
resistance and its influential traits (e.g.: plameight, heading date,
awnedness) as well as interactions between them.

4, To study the possibility of marker assisted sebexgtiusing the Frontana
wheat variety in a breeding process.



4. MATERIALS AND METHODS

4.1. Development of the mapping populations

The two investigated DH mapping populations wergettgped from the cross of
‘Frontana’ and ‘Remus’ as well as from the cross‘@K Mini Mané’ and ‘Frontana’.
Frontana (Fronteira/Mentana) is a Brazilian sprimgeat variety moderately resistant to
Fusarium head blight. The Austrian (IFA-Tulln) Frana/Remus population (210 lines) was
generated in the research group of Hermann Bueystnséng the wheat by maize pollination
technique; in the cross the sensitive partner wiasGerman (Bavarian State Institute for
Agronomy, Freising) Remus. The GK Mini Mandé/Frordapopulation (168 lines) was
generated at the Department of Biotechnology, C&eaearch Nonprofit Ltd., Szeged using
anther culture method (Pauk et al. 2003); in thesrthe sensitive parent was a former,
Fusarium head blight susceptible breeding line,MEKi Mané.

4.2. Field experiments

The Frontana/Remus population was evaluated ov@2,ZD04, 2005 and 2006, while
the field test of GK Mini Mané/Frontana populatiamms settled up in 2008 and 2009. Seed
was sown in the nursery of Cereal Research Noriptddi. (Szeged, Kecskés telep), in
autumn (mid-October) using Wintersteiger Plot Spideedling-machine (Wintersteiger
GmbH, Ried, Austria). The plots were planted irmadomized complete block design, with
1.5 m long rows, and the width of plots were sebading to the number of isolates, used for
inoculation. Each isolate was used in two replarai meaning bunches consisting about 20
heads.

4.3. Inoculation procedure

In the experiment, the inoculum production, theviimo test of aggressiveness of the
isolates and the inoculation procedure were perdrat full flowering (Feekes growth stage
10.5.1) according to the method of Mesterhazy (19887, 1995). In order to inoculate the
spikes uniformly, bunches of 15-25 spikes were ygatafrom all sides with a hand-held
sprayer, using about 15-20 ml fungal suspensionefarth sample. In each year, the plant
material was inoculated individually with 2-6 ista of eitherF. graminearum or F.
culmorum. Only one bunch was placed on each row of a sigghotype. In the different rows
30-40 cm distance was kept between bunches. Afteuiation, bunches were covered with a
transparent polyethylene bag for 48 hours. Aftenaeing the bags, the plants were loosely
bound with a label for identification to allow theaves to photosynthesize freely.

4.3. Fusarium head blight severity assessment

Observations of Fusarium head blight severity wstedd on the 10 day after
inoculation and were repeated on every fourth ddy the heads turned yellow, which meant
4-5 observations in a vegetation period. The Fusarhead blight severity was estimated



according to the percentage rate of infected spikelFusarium head blight severity rates
mentioned in the dissertation are mean valued obakrvations.

4.3. Fusarium damaged kernels assessment

Following the manual harvest of infected bunclies,samples were threshed using a
stationary thresher (Wintersteiger LD 180, Austag)ow wind, than the chaff was removed
using Ets Plaut-Aubry (41290 Conan-Oucques, Fraage¥eparator in order to retain the
shriveled, low thousand kernel weight (TKW) Fusaridamaged kernels. After that, the
percentage of Fusarium damaged kernels was estimata 0-100 linear scale.

4.4. Assessment of phenotypic traits influencing Rarium head blight

In each year, plant height was measured (as thendis from the soil surface to the
top of heads excluding awns) as well as lodgingcggage of lodged plant in a plot), date of
heading (as the number of days from 1st Januangading) and awnedness were recorded.

4.5. Statistical analysis of the phenotypic traits

Statistical analyses were made by SPSS 15.0 seft{@&R®SS Inc., Chicago, IL, USA)
using the “Descriptive statistics”, ,Compare mean&eneral Linear Model” and ,,Correlate”
functions. All data of each fungal isolaté. @raminearum, or F. culmorum) from different
years were analyzed as single experiments (epidsioiations), because there are no races
within the Fusarium spp.

4.6. Molecular markers

To map the ‘Frontana/Remus’ population, a databais&83 marker data (135
microsatellite markers, 416 AFLP and 32 RFLP makevas provided by Steinet al.
(2004) from their previous experiments. On thisydapon 45 SSR markers, on the GK Mini
Mandé/Frontana population 40 SSR (24 polymorphicykais were tested at the Cereal
Research Ltd. Most of the primers used in Hungayevselected from the literature (Réder et
al. 1998; Steiner et al. 2004; Somers et al. 204&rdi et al. 2006). According to our aim to
validate QTL, in the Mini Mand/Frontana populatid®$SR markers were used which were
tightly linked to Fusarium head blight resistanoethie Frontana/Remus population. In the
Mini Mandé/Frontana population the SSR marker databavas extended with 619
polymorphic DArT markers, accordingly altogethedaabase of 643 molecular markers was
available to use for mapping. The DArT marker detare provided by the Australian
Diversity Arrays Technology Pty Limited (Yarraluml@ustralia), following the ,Wheat
Pstl(Tagl)” genetic analysis, for what the genomic DNA aich lines were sent in the
conditions requested by the institute.



4.7. Molecular mapping and QTL analysis

Linkage groups were constructed using Joinf1&0 software (Van Ooijen &
Voorrips, 2001) and interval mapping was done udapQTL® 5 software (Van Ooijen,
2004). The order of markers was set according ® rtiolecular map published on the
GrainGenes (http://wheat.pw.usda.gov/ggpages/S8REaneticPhysical/) and by Somers et
al. (2004). Order of DArT markers was determinedoading to the Triticarte database
published on the Diversity Arrays Technology Pty dLt homepage
(http://www.triticarte.com.au/content/further_demgient.html). Interval mapping (IM) was
made with the phenotypic data of single experimemtgh the mean values oF.
graminearum and F. culmorum inoculations and overall means for Fusarium helghto
severity and Fusarium damaged kernel rates ofhall Selected isolates, as well as with
lodging, plant height and heading date data. Tham€mim LOD score was set to 2.0 during
the mapping, however in case of several experimigtgpermutation tests indicated LOD>
1.2 as significance level of linkage (Van Ooijer92y



5. RESULTS

5.1. Molecular mapping and QTL analysis in a Frontaa/Remus population

5.1.1. Results of the Fusarium head blight severitgnd Fusarium damaged kernels
analysis

Overall mean of Fusarium head blight severity (mealne of all observations) and
Fusarium damaged kernels rate showed normal distsiih The Fusarium head blight
severity values were high: between 6.6 and 65.4bflevihe Fusarium damaged kernels rate
were higher: between 8.3 and 85.0%. The reprodigilif the experiments is indicated by
the heritability (H) value, which was 0.64 for Fusarium head blightesiéy and 0.74 for
Fusarium damaged kernels.

5.1.2. Results of assessing other phenotypic traits

No influential effect was observed in differencesvieen the lines of the population in
lodging, plant height or heading date, which woodthfuse the mapping significantly. The
differences between the lines in plant height weoé significant either. No significant
difference was observed in Fusarium head blighwéeth the awnless and awned lines.

5.1.3. Molecular map construction

Linkage map was constructed by mapping of 504 pohptic molecular markers
covering a genetic distance of 1779 cM (averagekemadistance 3.53 cM). Markers were
mapped to 31 linkage groups, among them 20 growgse wmapped on defined chromosome
position. Linkage groups were mapped on each chsome except for 4D, 5B, 5D and 6D.
Among the phenotypic traits, gene coding red glwo®r (Rgl) on chromosome 1B and
gene of awnednesB1) on chromosome 5A were also mapped.

5.1.4. QTL detection

QTL analysis was performed using the data (Fusarhead blight severity and
Fusarium damaged kernels) of each epidemic sitwatiath mean values of the used
Fusarium species and with overall means. Among other plypiotraits plant height and
heading date were involved in the analysis. Thelred the QTL analysis made with the
Fusarium head blight severity and Fusarium damdgadels rate off. culmorum, F.
graminearum mean and allover mean is detailed in Table 1.



5.2. Molecular mapping and QTL analysis in a GK Min Mandé/Frontana population

5.2.1. Results of the Fusarium head blight severitgnd Fusarium damaged kernels
analysis

The Fusarium head blight severity (mean of all oleéons) and Fusarium damaged
kernels rate of the GK Mini Mand/Frontana populati¢l68 lines) showed normal
distribution in the mean of all isolates. The Fusarhead blight severity was high: between
16.0 and 62.3%, while the Fusarium damaged keragtswas between 22.3 and 94.4%. The
heritability (H) value between epidemic situations was 0.89 witlsaFium head blight
severity and 0.82 with Fusarium damaged kernels, rathich points to a very good
reproducibility of the experiments.

5.2.2. Results of assessing other phenotypic traits

Wide differences were observed between the plaghtseof the lines (from 58 to 133
cm). All lines of the population were awned, whistade the QTL analysis more exact,
avoiding its influential effect on Fusarium headgbt. Further advantage of the GK Mini
Mand/Frontana population is that the differencetaading date between the lines were far
tighter than those observed in the Frontana/Renwmulption. Therefore the number of
inoculations in the plant material was able todutuced to two.

5.2.3. Molecular mapping

From the database of 643 polymorphic markers, 52rkens were mapped to 28
groups covering a genetic distance of 1381 cM @yermarker distance: 2.62 cM).
Chromosome positions of 26 linkage groups werenédfiamong the mapped groups.
Linkage groups were mapped on each chromosome tefoeedD, 4D and 6D.

5.2.4. QTL detection

QTL analysis were made with the data (Fusariundh#@ht severity and Fusarium
damaged kernels) of each epidemic situation, wigamvalues of the usédisarium species
and with overall means, as well as with heading @datd plant height observed in the two
experimental year — similarly to the process usedhe analysis of the Frontana/Remus
population. The overall means and mean data oinfieetion provided by the twEusarium
species showed stable linkage with the identifie@mosome regions (Table 2.).



Table 1.: Locations of the QTL detected and chranwsregions with LOD values, percentage of expthpleenotypic variance (VE) for
Fusarium head blight (FHB) severity, Fusarium daaddgernels (FDK) levelsX) and heading dat®] in the Frontana/Remus population. The
highlighted values were significant according te ¢fenome wide permutation tests.

A FHB FDK

Chromo-| F.culmorum |F.graminearum Mean F. culmorum | F. graminearum Mean
Marker interval some LOD VE LOD VE LOD VE LOD VE LOD VE LOD VE
Xgwm526A - Xgwm120 2B 2.43 8.3 239 102 | 2.30 7.8 450 159 | 2.09 7.2 422 146
Xs1l2ml5_4 2D 056 16 0.40 16 0.40 11 265 103 | 1.37 3.8 2.62 8.7
Xgwm1121 - Xgwm779 3A 2.27 6.2 0.92 2.6 2.08 5.7 1.64 4.6 0.72 2.2 1.54 4.3
Xs12m19_5 - Xgwm341 3D 0.96 29 0.08 0.2 0.60 18 3.24 9.7 1.08 33 2.88 8.7
Xwg232 4A 2.69 9.5 1.25 4.5 2.60 9.0 0.33 16 0.09 0.4 0.24 1.2
Xs13m26_7 - Xs13m18_9 4B 3.30 8.8 2.16 59 3.49 9.4 1.40 38 2.82 7.6 2.26 6.1
Xgwm293 - Xs24m19_5 5A 182 52 1.57 4.3 1.62 4.7 2.50 7.2 1.87 54 2.43 7.0
Xs13ml4_10 - Xs23m14_46B 2.05 6.1 1.89 54 2.33 6.8 0.07 0.2 0.01 0.0 0.04 0.1
Xs12m25_2 7B 457 142 3.01 9.6 496 155 | 492 140 | 2.07 6.0 450 127
B

Chromo-| Heading date
Marker interval some LOD VE
Xwg983 - Xs13ml14_6 1A 3.12 101
Xs25m19_16 - Xgwm608 2D 2.57 8.7
Xgwm46 7B 2.87 9.5

10



Table 2.:Locations of the QTL detected and chromosome regigth LOD values, percentage of explained pheriotyariance (VE) for
Fusarium head blight (FHB) severity, Fusarium daadagernels (FDK) level@A), heading datéB) and plant heightC) in the GK Mini
Mandé/Frontana population. The highlighted valuesevggnificant according to the genome wide pertmnaests; chromosome regions
painted in the table with grey color overlappedwahromosome regions responsible for Fusarium hbgllt resistance.

A FHB FDK

Chromo-| F. culmorum F. graminearum Mean F. culmorum | F. graminearum Mean
Marker interval some LOD VE LOD VE LOD VE LOD VE LD VE LOD VE
wP1t-734078 - wPt-731843LA 2.30 5.9 3.67 9.5 3.08 80 1.79 46 2.18 5.8 210 56
wP1t-5347 - wPt-2315 1B 4.03 13.8 5.33 18.0 506 17.0 | 450 119 471 121 5.02 130
wP1t-732882 - wPt-6677632D 5.52 18.7 6.67 23.0 6.61 230 | 581 143 6.60 222 6.34 20.6
wPt-3812 - wPt-732411 2D 047 1.3 0.99 2.6 077 20 354 89 5.01 12.4 473 118
Xgwmb33 - wPt-3921 3B 4.25 10.6 3.71 9.3 397 100 | 213 55 2.83 7.2 254 6.6
wPt-800509 - wPt-2780  4A 5.10 12.6 6.07 14.8 573 146 | 1.80 47 1.39 3.6 1.71 44
wP1t-5334 - wPt-4243 4B 3.23 8.2 3.43 8.7 360 91 155 40 0.94 25 131 34
Xgwm205 - Xgwm156 5A 3.58 9.0 5.26 13.7 473 122 | 497 134 3.79 10.3 471 127
wPt-741134 - wPt-5896 5B 2.45 8.2 2.36 8.1 254 87 | 434 141 5.43 15.0 5.34 150
wPt-7204 - wPt-744786  6A 3.99 10.0 3.34 8.5 3.97 105 | 5.19 129 5.57 13.7 579 142
wPt-6039- Xgwm88 6B 7.46 189 7.44 18.7 8.14 205 | 5.44 136 4.42 11.3 5.31 133
wP1-9925 - wPt-5922 7B 3.13 7.9 3.55 9.6 3.52 108 | 6.28 153 4.32 10.8 5.67 139
wPt-0934 - wPt-743601 7D 048 1.3 0.74 19 065 17 279 71 2.84 7.3 312 79
Xgwmd44 - wPt-744219 NAl 2.51 6.5 3.54 9.0 3.33 85 271 70 1.45 3.8 216 56
wP1-666593 - wPt-66468NA2 2.08 5.6 2.01 5.4 221 76 284 10.1 2.96 104 3.18 111
B

Chromo-| Heading date
Marker interval some LOD VE
wP1t-4664 - wPt-7715 2B 4.28 111
wP1t-741026 - wPt-744786A 2.17 57
wP1t-5283 - wPt-7318 7B 3.37 12.3

11



C

Chromo- Plant height
Marker interval some LOD VE
wPt-666607 1A 3.05 7.9
wPt-734078 - wPt-731843 1A 2.67 7.0
wPt-0325 - wPt-2315 1B 6.07 14.9
wPt-4664 - wPt-3132 2B 5.91 145
wPt-8916 - wPt-5736 2B 3.57 9.0
wPt-732882 - wPt-66776% 2D 2.14 1.7
wPt-3812 - wPt-732411 2D 3.97 10.3
wPt-9268 - wPt-1694 3A 3.44 8.8
Xgwmb33 - wPt-3921 3B 431 19.3
wPt-7280 4A 2.08 5.3
wPt-8892 - wPt-5303 4B 3.03 1.7
Xgwm205 - Xgwm156 5A 5.31 133
wPt-1409 - wPt-5896 5B 3.39 9.3
wPt-7204 - wPt-744786  6A 3.65 10.8
wP1t-6039 - Xgwm88 6B 4.03 12.9
wPt-9925 - wPt-1266 7B 2.99 1.7
wPt-0934 - wPt-743601 7D 452 11.3

12



6. CONCLUSIONS AND RECOMMENDATIONS

It is expedient during the marker assisted seleditouse molecular markers, which
are not linked to any negative agronomic or teabgichl quality trait. The importance of
validation of QTL and linked markers have been prbearlier by other research groups also
(Li et al. 2008; Xu és Crouch 2008). For example 8wiss resistance source, Arina was
investigated in mapping populations generated wlifferent crossing partners by several
research groups (Paillard et al. 2004; Draegen.e2007; Semagn et al. 2007). The only
common Arina derived Fusarium head blight resista@d L which identically found in the
publications mentioned above was on chromosome IBE. environmental dependence of
small and medium effective QTL is clearly showrotigh the example of Arina.

The investigated Frontana/Remus population, heémiogfor heading date and
awnedness, was tested earlier by an Austrian @segroup (IFA-Tulln) in diverse
environments, using different methods (Steinerlef@04). The effect of Frontana derived
QTL identified in this last population was investigd in another mapping population, in
which the crossing partner was a dwarf genotype §Git Mand), so that the population was
quite heterogenic in plant height. All these arepamant because the fact, that a given
infection level can be caused by the influence afrphological traits, and this should be
considered during the investigation of the molecidackground of Fusarium head blight
resistance. Emrich et al. (2008) claimed that bregtbr Fusarium head blight resistance will
attend unfavorable late heading. Based on our expmss, the possible reason is that the
weather is warmer and drier for the genotypesdhainoculated later, and this can reduce the
disease development which can be considered asamese.

McCartney et al. (2007) identified Fusarium headgHil resistance QTL on
chromosome 5A linked also to negative quality srdieduced thousand kernel weigh and
protein content). The effect of plant height ondmusn head blight resistance was mentioned
in several publications also (Mesterhazy 1995;ddilet al. 1999; Buerstmayr et al. 2000;
Gervais et al. 2003; Paillard et al. 2004). Palller al. (2004) and Gervais et al. (2003) found
identical the chromosome regions responsible feiddkt mentioned traits, although it was not
evident that these loci are linked to each othehave pleiotropic effect. Resolving the
function of this kind of QTL or genes is easiethié Fusarium head blight resistance QTL are
investigated in a population where the crossingnearis diverse in traits (like plant height,
awnedness, head compactness) that can influencediséance. The fact, that a large number
of plant height QTL were detected, was unexpectedsidering the earlier publications
describing 1-2 QTL in other populations. The inigegion of the background relations
remains an important research area.

The moderately Fusarium head blight resistant whgsatotypes (like Frontana)
usually bear with several small and medium effectyTL. The dissertation highlighted the
results that the number of these QTL might be ckfié in the populations of the same
resistance source. These plant materials are immothecause they are better adapted to the
local environment compared to the exotic souraesddition, they possess minor effective
QTL, which can improve the level of Fusarium helaght resistance.

The most stable Frontana derived Fusarium headtbligsistance QTL were on
chromosomes 4B, 5A and 6B, which were also idetifn the Frontana/Remus population
by us and by Steiner et al. (2004); we also dedetiiese in the GK Mini Mané/Frontana
population. We verified the overlap of these QTLlthnihe ones, determining plant height.
From the view of breeding, this means that theafisearkers, linked to Fusarium head blight
resistance QTL on chromosome 4B, 5A and 6B, shbaldompleted with field tests during
the selection. In the field, not only plants withpeopriate plant height can be selected, but the
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effect of QTL which did not seem stable or showa#ldge with plant height can be detected
as well. Similar consequences were derived by Waldal. (2008) who made marker assisted
selection using the markers linked to Fusarium Heiyht resistance on 2BL, 6AL and 7BL,
and realized that the selected resistant genotygesignificantly taller. This result is verified
by other publications claiming that these QTL ani&dd to plant height, too (Steiner et al.
2004; Schmolke et al. 2005; Mao et al. 2010). Havet/should be taken into account that
for morphological reasons, higher plants with taene physiological resistance level can be
infected less. The optimum height of wheat vargeetee80-100 cm, but pesticides are often
used to reduce plant height, destructing the peséffect of this trait.

Our results show that even the stable Fusarium béght resistance QTL are not
constant in the mean of investigated trait (FHB-DK), as well as in the mean of different
epidemic situations. Differences between the QTkdd to Fusarium head blight severity
and/or Fusarium damaged kernels were identifiedh emethe validated results of the two
populations investigated in Szeged. This verifieat thot only the Fusarium head blight
severity must be investigated, but the Fusariumadped kernels should be taken into account
during the breeding process. Moreover emphasisldhmiplaced on this last trait, because
the statistical analysis (correlation analysis, ANQ QTL analysis) suggests that the FDK
data are more accurate, in addition it shows betterelation with toxin accumulation
according to our earlier experimental results. &ely the toxin content is cardinal from the
view of food safety. Our results indicate that otflg Fusarium head blight resistance QTL on
4A and Fusarium head blight and Fusarium damagsttleeresistance QTL on chromosome
5A and 7B were able to be identified unequivocallyoth investigated populations. Further
verification was gained that the marker assistéecien should be completed with field tests
and not only the Fusarium head blight severitythatFusarium damaged kernels should also
be considered during the selection; moreover acugr other experimental results, beyond
these two resistance components the toxin accuimmlathould also be investigated.
Additionally the markers used should be chosen f@nt regions linked to more resistance
traits and were possibly validated in several tasrse sources.

The methodology of Fusarium resistance field tpstsokes several questions among
the researcher-breeders. In China and in North-foadéarge emphasis was put on one-floret
inoculation, which tests only the Type Il resistan€he inoculum spraying method, used by
us is suitable to test Type | and Type |l resistaatcthe same time, moreover able to test the
toxin accumulation (Mesterhazy 1995; Mesterhazal.e2007).

In our experiments the hypothesis that the Fusarhead blight resistance is
horizontal was strengthen, since differences betwtbe LOD values of QTL linked to
symptoms, caused Wy culmorum or F. graminearum were observed in the Frontana/Remus
population, which can be explained with that we Hadr epidemic situations with.
culmorum and only two epidemic situations with. graminearum. There was no such
difference between the numbers of epidemic sitnatiom the GK Mini Mand/Frontana
population, therefore smaller variance was obser@edhparing the LOD values of the single
epidemic situations several significant differeneese found. Between the results of single
epidemic situations, maximum moderate correlatioosld be detected; better correlations
were observed between the epidemic situations @edies specific mean data, and in
addition the best correlations are found with threrall mean data. All these points out the
importance of carrying out field tests in many @pidc situations, and this should be
considered not only during mapping but in the bireggrocess as well. Jiang et al. (2007)
verified that the results of a QTL analysis, madghwnean data of several epidemic
situations, are more proper and usually lead tbendtOD values. The results of the GK Mini
Mand/Frontana population confirmed that it is addiso use more isolate in a given year to
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reduce the effect the environmental effects, bexaudhat case the 2-3 isolates are in the
same environment.

Important consequences can be drawn to methododgy resistance breeding
aspects. Regarding methodology, the hypothesisveafied that to validate Fusarium head
blight QTL, plant materials should be tested in en@pidemic situations than usually
published (2-3), in addition they should be testedeveral populations and environments.
This is even more important in the case of smatl aredium effective QTL, which are
influenced by the environment more easily. The deeg should make phenotypic selection -
involving more resistance traits - following the nker assisted selection with markers linked
to stable QTL.

New scientific results

1. During our work the marker map of the Frontana/Remojpulation was extended with
new markers and a completely new maker map wastrcotesd in the GK Mini
Mano/Frontana population. Therefore new markergelinto Fusarium head blight
resistance QTL were detected and validated on absomes 2D, 4A and 7B.

2. Beyond the chromosome regions influencing Fusahead blight severity, QTL linked
to Fusarium damaged kernels were also identifigdghvis a unique discovery not only
for the Frontana, but in the case of other dondss.aBased on our results it is
ascertainable that the investigation of more tregiselating with Fusarium head blight
is necessary, because their genetic regulatiobealifferent.

3. We clarified during the investigation of moleculzackground of the traits influencing
Fusarium head blight resistance, that the morphcdb@pomogeneity of a population is
cardinally important. In our experiments QTL infheeng these traits were detached
from real Fusarium head blight resistance QTL. Homvein the GK Mini
Mandé/Frontana population several plant height QMerlapped with chromosome
regions, influencing Fusarium head blight resistéanc

4. Through the investigation and validation of Fromtagkerived Fusarium head blight
resistance QTL in several environments, using dffeinoculation methods, in diverse
genetic background we drew the conclusion that mthest stable QTL are on
chromosome 4B, 5A and 6B. Therefore the marketth@ése chromosome regions are
the most suitable for marker assisted selectiorh lite integration of phenotypic
selection.
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.| have serious reason to believe that the plan@ihfwhich the little prince came is the
asteroid known as B-612. This asteroid has onlyedreen seen through the telescope. That
was by a Turkish astronomer, in 1909.

On making his discovery, the astronomer had presentto the International Astronomical
Congress, in a great demonstration. But he wasuiki3h costume, and so nobody would
believe what he said. Grown-ups are like that. . .

Fortunately, however, for the reputation of AstdrBi612, a Turkish dictator made a law that
his subjects, under pain of death, should chang&umpean costume. So in 1920 the
astronomer gave his demonstration all over agaessgd with impressive style and elegance.
And this time everybody accepted his report.

If I have told you these details about the asterail made a note of its number for you, it is
on account of the grown-ups and their ways.”

(Antoine se Saint-Exupéry: The little prince)
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