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1. ANTECEDENTS AND OBJECTIVES

One of the most dangerous diseases of winter wihedtungary is leaf rust
(Puccinia recondita Rob. ex Desmaz. f. spritici /Erikss./, syn.:Puccinia
triticina Eriks.), which may cause vyield losses of up to 5@&gending on the
susceptibility of the cultivars and on environméntanditions. Although at
present more than sixty wheat leaf rust resistgeces I(r) are known, only a
small fraction of these is present in the cultidateultivars. As part of
continuous breeding activity and in order to enleatie genetic variability of
cultivars, it is essential to introduce as manyed#nt resistance genes as
possible into the cultivars and to keep searchimgnéw sources of resistance.

The traditional method for the introduction of ooe more resistance
genes into a wheat cultivar is a time-consuminglabdur-intensive procedure.
The time span of this manipulation can be conshlgrabbreviated by the
utilization of the recently introduced molecular nkex techniques. Important
areas of the practical utilization of molecular keas are marker-assisted
selection (MAS) and the genetic characterizationvbéat cultivars and basic
breeding materials. It is important for practicélization that the prospective
molecular marker be closely linked with the givessistance gene, that it be
reliably and routinely applicable, and that it lledominantly inherited in order
for the heterozygous and homozygous individualbdoeasily differentiated.
Although a large number of molecular markers linked.r genes are known,
the majority of these are not inherited in a co-d@nt fashion, or are not
linked closely enough to the resistance gene; Fis teason, there is a
continuing demand for the identification of furthaarkers linked as closely as
possible to thé&r genes.

This work summarized the results of two reseanajepts. In the first
part, the identification and genetic mapping of esolar markers linked tor



genes of medium efficiencyLi(20 and Lr52) are presented. The second part
contains a summary of the results of the practiGékation, for diagnostic and
breeding purposes, of molecular markers closelkelinto thelLr genes

mentioned above as well as to gema4.

The objectives of the individual projects were tbiéowing:

1. Identification, characterization and genetic magpiaof molecular

markers closely linked to leaf rust resistance gém20 andLr52.

2. Validation of the already known, closely linked Sfw&rker of gene
Lr20 and its utilization in a backcross breeding progtssing marker-

assisted selection.

3. Identification of genesLr20, Lr52 and Lr34 using the molecular
markers already known as well as those identifredhis work, and
examination of the frequency of these genes inerimtheat cultivars
registered in Hungary in 1970-2005; furthermorealgsis of the
efficiency of gend.r34 on the basis of natural leaf rust infestation data
obtained under field conditions in the course ofesal years of

observation.



2. MATERIALS AND METHODS

2.1 Plant material
Molecular markers were identified in Nearly Isogehines (NILs) RL6092

(Thatcher*6/Timmo) (abbr. NILLr20) carrying genelLr20 and RL6107
(Thatcher*6/V336) (abbr. NILr52) carryingLr52, furthermore the susceptible
cultivars Thatcher and GK Délibab. For the purpokanalysing the linkage
between molecular markers and resistance genefoageénetic mapping, two
F, populations (119 and 267 individuals) were gemeraby NIL Lr20/GK
Délibab and NILLr52/GK Délibab crosses, respectively. The presenceéhef
resistance gends 20, Lr52 andLr34 was studied in 222 winter wheat cultivars
registered in Hungary between 1970 and 2005 arBkrosztaja 1, a Russian
cultivar registered in Hungary in 1960.

2.2 Inoculation and phenotyping of the plants in Fpopulations
The monospore leaf rust isolate classified as pgbeo02000-04722700, used

for the characterisation of genés20 and Lr52 in the k populations was
prepared and kindly provided for me by Dr. Mariau@y (Mrs. L4szl6 C&sz)
(Cereal Research Institute). 7-day-old seedlingghefF, populations and the
control plants (NILLr20, NIL Lr52, GK Délibab, Thatcher) were inoculated
with this leaf rust race using the method of6€s (2007). The plants were
evaluated on the 10th day after inoculation basethe reaction to inoculation,
on a scale of 0—4 (Stakmahal., 1962). Of the infection types (IT), £ was

evaluated as resistant and IT=3 and 4 as susceptibl

2.3DNA isolation
DNA isolation from the plant material used for tldentification of molecular

markers was carried out by the CTAB method of Rege&d Bendich (1985) as



modified in our laboratory. DNA isolation from th222 -cultivars and

Bezosztaja 1 was done using the method of Purnheatale (2011).

2.4Molecular techniques employed in the experiments

Markers linked with genesR20 andLr52 were identified using the AFLP (Vos
et al., 1995), RGAP (Chemst al., 1998), RAPD (Takt al., 2008), STS (Newt
al., 2002 and Obesdt al., 2005) and SSR (Tat al., 2008) methods. 82 AFLP,
48 RGAP, 48 SSR primer pairs and 1 STS primer wested for the
identification of markers linked to gerig20. To identify markers linked to
geneLr52, 280 RAPD, 8 STS and 48 SSR primers were tested.

For the purpose of the genetic characterizationth&f 222 wheat
cultivars registered in Hungary, gehe20 was detected with STS marker
Xsts638 (Neu et al., 2002) and with SSR markedgwm344, Xwmc809 and
Xwmc274 identified in our laboratory; resistance gdun®2 was detected with
SSR markeiXgwmz234 and STS markeXtxw200 identified in our laboratory,
and gend.R34 with STS markeXcsLV34 (Lagudahet al., 2006).

2.5 Genetic mapping and statistical calculations

Linkage analysis and genetic mapping of molecularkers for genekr20 and
Lr52 were carried out using the computer program MAPNE&RK3.0 (Lander
et al., 1987). The closeness of linkage was calculatettheasis of Kosambi’'s
mapping function (Kosambi, 1944).

Leaf rust resistance data of the cultivars wettkected from the yearly
publications of the Central Agricultural Office (M&yazdasagi Szakigazgatési
Hivatal, MgSzH). Analysis of the resistance datacwoltivars carrying and not
carrying gend.r34 as compared to the yearly average was done usingtest
(Svéb, 1981).



3. RESULTS

3.1 Identification and characterization of molecula markers linked with

genelLr20

In order to identify new molecular markers closéhked with genelLr20,
phenotypization of the NIILr20/GK Délibab F, population (119 plants) was
first carried out via artificial inoculation (theatio of resistant and sensitive
individuals was 2:1).

To identify linked markers, 82 Pst/Mse AFLP and R&AP primer
combinations were first tested. Numerous polymarghagments (candidate
markers) were recognized; after the completionridage analysis (comparison
of phenotypic and marker data), however, no malik&ed to gend.r20 was
found. On the other hand, mark¥sts638 specific for resistance gera20,
described by Neet al. (2002) was successfully applied to the charactada
of our R, population, and was mapped to a distance of 4.6fidvh the
resistance gene (Fig. 1).

In the course of testing the 48 SSR primers $§pedor wheat
chromosome 7AL, polymorphic fragments were amplifiby 6 primers.
Linkage of each of the six SSR markers to ger® was confirmed by linkage
analysis. The map distance between the markershanesistance gene ranged
from 0.5 to 12.8 cM. MarkerXwmc809 and Xgwm344 were present in the
repulsive phase, i.e. the polymorphic fragment wheectable only in
susceptible and heterozygous individuals. Five &&iRkers, namelyXwmc809
(0.5 cM), Xgwm344 (0.5 cM), Xwmc273 (2.8 cM), Xwme525 (3.3 cM) and
Xcfa2240 (3.8 cM) mapped to the proximal side of the resise gene. A single
SSR markerXcfa2257 (12.8 cM) mapped to the distal side of the resista
gene (Fig. 1).
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Figure 1. Genetic map of SSR and STS markers linked to ¢e@86. The
designations of the markers are shown on the rgy¢ and the genetic

distances on the left side.

3.2 ldentification and characterization of molecula markers linked to gene
Lr52

In the course of the phenotypization of the NlH52/GK Délibab F, population
(267 individuals), 188 resistant and 79 susceptitéat were identified (the
monogenic segregation ratio of 3:1 is statisticatynfirmed). In order to
identify linked markers, 280 RADP primers wereffirssted. 11 of the primers



studied (OPR-10, OPR-11, OPR-16, OPV-2, OPV-4, ARVOPW-19, OPX-

9, OPX-12, OPY-4, OPY-9) proved to amplify polymbigp fragments. Out of

these, however, only the 535-bp fragment ampliftegd primer OPR-10

exhibited linkage with the target gene; it was mepjo a distance of 18.2 cM
on the proximal side of the resistance gene (Big. 2

8 STS primers specific for chromosome 5BS were tdsted. Of these,
only primerXtxw200 produced a polymorphic pattern upon comparison laf N
Lr52, Thatcher and GK Délibab. In the population stdditnis marker was
mapped to a location 3.6 cM distal to resistanceges2 (Fig. 2).

Only 6 of the 44 SSR primers specific for the slaom of chromosome
5B proved to be polymorphic upon comparison ofrésstant parent, Thatcher
and Délibab. Interestingly, further tests reveadadh of these to be linked to
resistance gener52: they mapped to distances of 7.2 — 46.5 cM froentéinget
gene (Fig. 2). The SSR marker closest to the garieendistal side iXgwm234
(7.2 cM) and on the proximal sidéwmc149 (11.3 cM). Since the SSR markers
identified by us are co-dominant, they are suitdbiehe identification of both

homozygous and heterozygous individuals.
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Figure 2. Molecular markers linked to resistance géng2 on the short arm of

chromosome 5B.

3.3 Practical utilization of molecular markers

3.3.1 Marker-assisted selection

A breeding program supported by marker-assistegceh was initiated with
the purpose of introducing gehe20 into cultivar Jubilejnaja-50 (susceptible to
leaf rust). The donor chosen was line NIt20. Primer STS638 was used for
marker-assisted selection, because according to B8kewal. (2002) the
corresponding marker is closely (0.4 cM) linkedhagienel.r20. The resistance
gene was detected in, hdividuals based on the molecular marker, and the
individuals shown to carry the marker as well akivar Jubilejnaja-50 were
used for back-crosses. The presence of ge@6 was checked in each BC
generation using primer STS638. After the secontkdoaoss the lines were

sown in the field, and their resistance to natueaf rust infestation was
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evaluated. The evaluation revealed differences émtvthe leaf rust resistances

of the lines. At present the resistant lines ackusted in our field experiments.

3.3.2 Detection ofLr genes in wheat cultivars with the help of molecular

markers

The presence of gena34 was detected, using markecrsKV34 (Lagudahet
al., 2006), in 51 of the winter wheat cultivars registein Hungary between
1970 and 2005 (n=222) and in cultivar Bezosztajaedistered in 1960.
Comparison of the thirty-year programmes of the tlargest Hungarian
breeding institutions reveals that gebe34 is identified at nearly identical
frequencies: it is detected in 23.9% (n=71) of 8zeged cultivars and in 20%
(n=70) of the Martonvasar cultivars. This resistagene is carried by 31.3% of
other cultivars bred in Hungary and by 23.1% ofdpaan cultivars registered
in Hungary.

The study on the frequency of gehe34 is more relevant if it is
analyzed in a yearly distribution compared to alleat cultivars with valid
registration in the given year. The distributiongehelr34 ranged from 11.8%
(1980) to 57.1% (1971) in the 222 wheat cultivargded. Of the cultivars
studied,Lr34 first appeared in the Russian cultivar Bezosziajagistered in
1960. Of the cultivars present in the registry dgrihe time period scrutinized
in this work (1970-2005), the first cultivar to carthe gene was Kavkaz,
another cultivar of Russian origin registered i@9In the nineteen-seventies,
further cultivars carryind.r34 appeared: 4 cultivars at Szeged [GK 3, GK F2
(1971), GK Tiszataj (1977) and GK Szeged (1978)3uRivars in Martonvasar
[Martonvaséri 1 (1971) and Martonvaséri 3 (1973)j ane Bulgarian cultivar,
Burgas-2 (1972). The frequency of gelng34 was the highest in the period
between 1971 and 1974 among the cultivars includethe registry in the
given year (41.7-57.1%). The ratio of carrier audts transiently decreased,
then again increased between 1983 and 1990 (3383434Starting from 1992

11



all the way to the turn of the millennium, the fuegcy of genér34 is seen to
decrease continuously (Fig. 3). It must be notexd ith spite of the decrease in
the ratio of cultivars carrying the gene, the numifecultivars containing this
gene is generally on the rise, since the numbecudtfivars included in the
registry in the given year increased tenfold betwéne beginning and the end
of the period studied. Evaluation of the data oary#005 reveals that out of the
registered cultivars cultivated at the time (n=1@bltivars carryind.r34 occur
most frequently among cultivars bred in Szeged Bladtonvasar (25% and

25%, respectively) (Figs. 4-5).
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Figure 3. Distribution of gend.r34 in 1970-2005 in wheat cultivars included
in the registry in the given year
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Figure 4. Distribution of geneLr34 in 1970-2005 in GK wheat cultivars
included in the registry in the given year
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Figure 5. Distribution of geneLr34 in 1970-2005 in Martonvasar wheat
cultivars included in the registry in the given yea

Natural leaf rust infestation data for the perieveen 1985 and 2003
were available for 72.1% of the cultivars studibl@tural leaf rust infestation
data were evaluated on a yearly basis (for 9 ye&wrage infestation was
calculated for the given year, and the value ofntlest heavily infested cultivar
was determined (maximum infestation). Defining tlagter as 100%, four
infestation groups were formed: cultivars exhilgtid—-25% infestation relative
to maximal infestation were classified as resistamd those with 25.1-50,
50.1-75 and 75.1-100% infestation were termed navelgr resistant,
moderately susceptible and highly susceptible, eetsgely. The t-tests
performed on the data of four years (1985, 198&718nd 2002) showed
significant differences between the averages ofitfestation percentages of
cultivars carrying and of those not carrying geng4.

Using molecular markers, genkr20 was detected in cultivars
Partizanka, Mv Szigma and Boszanova, which repteseifirequency of 1.3%
among the 222 cultivars studied. Gene Lr20 wasctidein these 3 wheat
cultivars by each of the 4 markers usé@t$638, Xwmc273, Xwmc809 and
Xgwm344). Genelr52 was also identified in three cultivars (GK Olt, GK
Szalka, Dunai) using SSR mark¥gwm234 and STS markeXtxw200. In
addition to the marker of genler52, the Szeged cultivar GK Olt was also
shown to contain that afr34.

13



4. CONCLUSIONS AND RECOMMENDATIONS

4.1 Evaluation of the molecular markering of gené.r20; conclusions
In the work presented here, 6 new SSR markerslgltaked with genelL.r20

were identified. Interestingly, although SSR maskare usually inherited in a
co-dominant fashion, we identified as many as tw®&RSmarkets that are
dominantly inherited Xwmc809 and Xgwm344), and, what is more, are in
repulsion, but these two markers exhibited theedbfinkage (0.5 cM) to gene
Lr20. Although the first two traits mentioned represantertain disadvantage
for breeding, it is more important that, accordiagur data, these two markers
have the closest linkage with gelne20. 3 [Xwmc273 (2.8 cM), Xwmc525 (3.3
cM) andXcfa2240 (3.8 cM)] out of the 6 SSR markers mapped in these of
our experiments were localized within 10 cM frore tiene and were inherited
in a co-dominant pattern, thus these are easiaséofor the purpose of MAS,
and at the same time their distances from theteggis gene are not too large to
interfere with the efficiency of selection.

Marker Xsts638, described by Newt al. (2002) as a diagnostic STS
marker was also included in our work. Accordingto observations, however,
in the K, mapping population generated by crossing the N20 (resistant)
and GK Délibab (susceptible) cultivars this mankexpped to a larger distance
from Lr20 than reported by Neet al. (2002) (4.9 cM vs. 0.4 cM). Our results
confirm the data published by Khahal. (2005), who also measured a larger
genetic distance betwedm20 and Xsts638 (7.1 cM). In addition to the STS
marker mentioned above, Netial. (2002) also identified several RFLP and
two SSR markers co-inherited with the resistanceegerhe two latter
(Xgwm282 and Xgwm332), however, mapped too far (32.8 cM) from the
resistance gene. FiveXdfa2240, Xgwm344, Xwmc273, Xwmc525 and
Xwmec809) out of the six SSR markers identified in our expents proved to
be linked toLr20 even closer (4.9 cM) than markests638.

14



Neuet al. (2002) identified 12 markers co-inherited withiséence gene
Lr20; however, none of these markers was situated erdistal side of the
resistance gene. In the work presented here wesded in identifying an SSR
marker ¥Kcfa2257) in a distance of 12.8 cM on the distal side & thsistance

gene.

4.2 Evaluation of the molecular markering of gené.r52; conclusions

We determined the map positions of 6 SSRfd20, Xgwml133, Xgwm234,
Xgwmd43, Xwmel49 and Xwmc630), 1 STS Ktxw200) and 1 RAPD Xopr10)
linked markers relative to gene52. SSR markerXgwm234 mapped to a
distance of 7.2 cM from the resistance gene, anithis suitable for use in
MAS. Hiebertet al. (2005) determined the location of gdr®2 in the genome
using microsatellite markers. They mappépvml33 to 48.1 cM,Xwmc149 to
28.5 cM andXgwm344 to 16.5 cM from the resistance gene. Thus, the SSR
marker reported by these authors to be closeshdorésistance gene was
Xgwm344, positioned on the proximal side of the resistarggne, in
contradiction with our results. Also, our experirteemevealed that in our
mapping population markedwmc149 mapped considerably closer to resistance
geneLr52 than reported by Hiebert al. (2005) (11.3 cM vs. 28.5 cM).
According to our results, SSR markevmc149 is also suitable for utilization

in marker-assisted selection.

Obert et al. (2005) identified a new.r gene in an lranian cultivar
(P1289824). Somerst al. (2004) localized this gene on wheat chromosome
5BS with the help of SSR markers mapped on the H&atvchromosomes, thus
they considered it possible to be identical withejer52. In their experiments,
the new resistance gene exhibited linkage with félewing SSR markers:
Xbarc21-5BS (47.4 cM),Xgwmd43-5BS (16.7 cM),Xgwm234-5BS (7.8 cM)
and Xgwmb44-5BS (41.1 cM). In agreement with our results, @betral.
(2005) also mapped mark&Egwmd43 to the distal side of the new resistance

15



gene. In the course of our work we also testedbther 3 SSR markers shown
to be linked by Obertt al. (2005), but onlygwm234 amplified a polymorphic
fragment in our population. After the linkage tes& established that out of the
6 SSR markers identified in our laboratory, the olwsest to resistance gene
Lr52 wasXgwm234 (7.2 cM). Oberet al. (2005) also reported an AFLP marker
closely linked to the new resistance gene idewtifig them; they converted this
AFLP marker to an STS marker and gave it the nam&txw200. Having
found similarities in the results of SSR studies,also examined the linkage of
STS markerXtxw200 in our F, population. We found that in our population
both Xgwm234 andXtxw200 are situated on the distal side of the new rasista
gene, contrary to the results of Obeiral. (2005), who localizeckgwm234 on
the distal side of the new resistance gene. Thesdts leave open the question
whether or not the resistance gene identified bgrGd al. (2005) is identical
with genelLr52 studied by us, or is only situated in its closexpmity. In order
to find the answer, it would be worth running thielec test between the two

genes.

4.3 Marker-assisted selection and identification oL.r genes with the

help of molecular markers in wheat cultivars

We used the dominant mark¥sts638 (Neu et al., 2002) for selection in our
back-crossing program aiming at the introductiomesistance gener20. SSR
markers of co-dominant inheritance, however, areenaolvantageous to use in
marker-assisted selection, because they allowdiatification of homozygous
individuals already in the Fgeneration. It is therefore expedient to use iR S
markers identified by us for further marker selectfor genelr20. Although
geneLr20 in itself is of medium efficiency against leaf rusfestation (Vidaet
al., 2009), it is still worth including in breeding gn@ams, in itself or in
combination with other leaf rust resistance gemnegrder to increase genetic

diversity.
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One possibility for the practical utilization ofakecular markers linked
to Lr genes is identification of resistance genes ininldeszidual winter wheat
cultivars. In the course of our work we examine@ 2dnter wheat cultivars
registered in Hungary between 1970 and 2005, viiéhpurpose of detecting
the presence of resistance gehe34, Lr20 andLr52 based on the molecular
markers they are closely linked with. Gdir®4 was identified in winter wheat
cultivars included in the Hungarian registry betwd®70 and 2005 using the
co-dominant STS marker described by Lagudadl. (2006) €sLV34 0.4 cM).
Marker XcsLV34 was also successfully applied in Hungary by Wahal.
(2009) and Videet al. (2009) for the identification of genler34 in breeding
lines as well as in cultivars from Martonvasar abdoad. In the course of their
experiments, these authors detected the presenbe afarker in 12 registered
Martonvasar wheat cultivars, namely: Mv3, Mv13, MyIMv Emese, Mv
Garmada, Mv Gorsium, Mv Laura, Mv Mambo, Mv Palnvy Palotas, Mv
Té&ltos and Mv Vilma. We also identified the molearumarker of gener34 in
the cultivars listed, with the exception of two towdrs not studied by us, Mv
Gorsium and Mv Laura.

Genelr34 is carried by 23.0% of the 222 cultivars studiedour
laboratory. The frequency of gehe34 has been studied on several occasions
all over the world. For example, Winzelet al. (2000) observed adult
resistance in 55% of the European cultivars testduch they supposed to be
due to gene.rl3, Lr34 or their combination. Our studies confirm that the
spread of gend.r34 in Hungary is mostly due to Bezosztaja 1. Yearly
evaluation of the available natural leaf rust itdéen data (published by the
Central Agricultural Office) revealed that the nr#yp of cultivars carrying
genelLr34 are classified as resistant. Since this resistgece in itself is of
medium efficiency (Mesterhazgt al., 2000), it is presumably present in the
cultivars in combination with another gene leadingadult resistance (e.g.

Lr13) (Singhet al., 2000), or with a race-specific resistance genssdiad as

17



efficient or of medium efficiency (Kolmer and OeJkg006). Although, after
the turn of the millennium, genker34 is present in only a quarter of the
cultivars included in the Hungarian registry, thilization of this gene in
resistance breeding continues to be an importahkt ta

In our experiments the presence of gém@0 in the cultivars was
detected with the help of three SSR markers idedtiin our laboratory
(Xwmc809, Xgwm344, Xwmc273). The gene was shown to be present in only 3
out of the 222 cultivars tested (1.3%). Our resalts in agreement with those
reported by Winzeleet al. (2000) and Singlet al. (2001), who detected the
presence of gener20 in only 4% of the European and English cultivastéed
using special leaf rust isolates. The occurrencgeolLr52 in wheat cultivars
has only been mentioned in a few cases (Mclnebsih, 1995). Out of the 222
cultivars tested, we detected the presence ofréisistance gene in 2 Szeged-
bred and 1 Austrian-bred wheat cultivars using3I$R marker closely linked
to the gene (7.2 cM), identified in our laboratohy. Hungary, seedling and
adult resistance due to gebeb2 was studied by Manninger (2002) and€s
(2007), and it was established that the gene waseafium efficiency at both
developmental stages. Although gém&2 is not frequent, on the basis of adult
resistance data it is still commendable to intredulcto new cultivars, in
combination with othekr genes providing efficient race-specific or nonerac
specific resistance. Since linkage of the markeeslwith the givelhr genes is
not 100%, further tests (pathophysiological tesiagispecial leaf rust isolates)
are also needed for the confirmation of the presefthe genes.

It is to be hoped that the elucidation of the ao dinknown genetic
background of resistant cultivars (identificatioh resistance genes) and the
application of MAS, a method with ever increasingpplarity will soon
accelerate the purposeful introduction of resistagenes into breeding lines

and cultivars.
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NEW SCIENTIFIC RESULTS

We performed our experiments in the field of resise breeding. The
molecular markers described in the first part @sththeses can be utilized for
the characterisation and mapping of resistance sgasewell as for MAS.
Practical utilization of molecular markers descdbe the second part of this
work may provide useful information for breedershe course of the detection

of resistance genes present in the various cudtivar

In the course of our work, the following new results wer e obtained:
1. Six new SSR markerX¢fa2240, 3.8 cM, Xwmc525, 3.3 cM, Xwmc273, 2.8
cM, Xwmc809, 0.5 cM, Xgwm344, 0.5 cM, Xcfa2257, 12.8 cM) linked to

geneLr20 were identified and mapped.

2. An SSR marker localized on the distal side of ger0 was successfully
identified Xcfa2257, 12.8 cM).

3. We mapped the position of the dominant markes638 (0.4 cM; Neuet
al., 2002) to a considerably larger distance (4.9 alginfgene.r20.

4. We identified a new RAPDXppr10, 18.2 cM), a new STSX{(xw200, 3.6
cM) and 6 new SSRXgwm133, 22.1 cM,Xgwm234, 7.2 cM, Xgwmd43,
44.6 cM, Xwmcl49, 11.3 cM,Xwmc630, 26.9 cM andXcfd20, 46.5 cM)

markers and mapped their positions relative to ¢4eb2.

5. From the markers linked to gehe52 identified by us, the dominant STS
markerXtxw200 (3.6 cM) and the co-dominant SSR markeégem234 (7.2
cM) and Xwmcl49 (11.3 cM) mapped closer than markEgwm443
described in the literature (16.5 cM; Hieberal., 2005).
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6. Using molecular markers, we identified geheS2, Lr20 andLr34 in 222
winter wheat cultivars included in the Hungariagis&y in the years 1970—
2005 and determined their frequencies. We estaaishat both_r52 and
Lr20 occurred at very low frequencies (1.3%). G&nd4, however, was
shown to have spread extensively in the cultivarswg in Hungary
(23.0%).

7. Based on the natural infestation data observed rufidEl conditions
between 1985 and 2003 we established that, in @levkthe years studied,
the cultivars carrying genler34 are more significantly resistant than those
lacking this gene.
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