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Abstract Two barley populations, i.e. 135 doubled hap-
loid (DH) lines of the cross ‘Igri’ (rrsl) x ‘Triton’ (Rrsl)
(I x T) and 76 DH lines of the cross ‘Post’ x ‘Vixen’ (both
rrsl) (P x V), were analysed to identify QTL for Rhyn-
chosporium secalis resistance independent of the Rrsl
locus by using the single spore R. secalis isolate 271 (Rrs1-
virulent). A major QTL with its positive allele derived from
cv. ‘Triton’ was detected in the I x T population on
chromosome 2HS explaining almost 80% of the phenotypic
variance. Thus, it can be considered as an R-gene
corresponding to the already described Rrsl5qpg,g5 On
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chromosome 2HS. In addition, two minor QTL were identi-
fied, one in the centromeric region of 6H in a highly poly-
morphic region with already several mapped R-genes and a
second one at the end of the short arm of chromosome 7H
which may be an allele of Rrs2 because of its chromosomal
position. Regarding the DH population P x V different
minor QTL were identified on chromosomes 6H and 7H.
The first one is corresponding to the genomic region of the
Rrs13 gene whereas the QTL on chromosome 7H maps in a
genomic region where several R-genes against different
pathogens have been localized. A comparison of both QTL
analyses reveals no R. secalis isolate 271-specific resistance
locus but leads to the hypothesis that two of the identified
QTL may be alleles of the R-genes Rrs15¢g0g5 and Rrs2.

Introduction

Scald, caused by the fungus Rhynchosporium secalis
(Oudem.) J.J. Davis, is a serious foliar disease of barley
worldwide, especially in cool and temperate climates (Beer
1991). Its agronomic importance varies greatly due to vari-
able field conditions, but yield losses of up to 40% were
reported in barley (Xi et al. 2000). Furthermore, R. secalis
infection can affect grain quality, thus discounting quality
uses, e.g. for malting (Khan and Crosbie 1988). Rhynchos-
porium secalis is known to be a highly variable pathogen
(Shipton et al. 1974; Ali et al. 1976; Burdon et al. 1994;
Salamatini and Tronsmo 1997) with diverse virulences in
local populations causing various host reactions, such as
the expression of major-gene-mediated resistance, partial or
quantitative resistance, and disease escape (Zhan et al.
2008). Rhynchosporium secalis populations can change
quickly so that new plant resistances as well as fungicides,
particularly triazoles (Jefferies et al. 2000), become ineffective
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after several seasons of widespread use (Shipton et al.
1974; Cromey and Mulholland 1987; Taggart et al. 1999;
Jefferies et al. 2000; Newton et al. 2001; Oxley et al. 2002).
Therefore, and due to the fact that only moderate R. secalis
resistance is present in released barley cultivars, there is a
high demand to introduce and to combine new R. secalis
resistances to breed barley cultivars with a more stable and
durable R. secalis resistance.

In summary, 17 resistance gene loci have been described
(Bjgrnstad et al. 2002; Schweizer et al. 1995, 2004; Picker-
ing et al. 2006), where of nine are mapped and designated
by an Rrs prefix. Four of these R-genes derive from
H. vulgare ssp. spontaneum (Abbott et al. 1995; Garvin et al.
1997; Genger et al. 2003; Yun et al. 2005) and H. bulbosum
(Pickering et al. 20006), respectively; for an overview cf.
Friedt and Ordon (2007). Besides this, numerous QTL
analyses were carried out. Zhan et al. (2008) present an
overview of their expected map positions by grouping them
into BINs of each barley chromosome (http://barleygenom-
ics.wsu.edu/), showing that all barley chromosomes except
5H are involved in resistance against R. secalis. Unfortu-
nately, due to different mapping populations used and
applied molecular markers a comparison of mapped
R. secalis-resistances (QTL and R-genes) still remains diffi-
cult. Therefore, using defined isolates in future studies is
desirable and highly recommended since it would allow
unbiased comparisons between different results on
R. secalis-resistance (Cheong et al. 2006). So, some QTL
independently identified by different authors may be identi-
cal or represent different alleles of the same resistance locus
or loci (Dingerdissen et al. 1996, Bjgrnstad et al. 2004).
The variable pathogenicity of R. secalis and the isolate-spe-
cific resistance reaction of barley cultivars hamper breeding
progress for Rhynchosporium resistance. Therefore, it is of
agronomic and economic interest to develop new scald
resistant varieties to increase yield stability and quality of
barley crop. A prerequisite hereof will be to reliably detect
genomic regions responsible for pronounced R. secalis
resistance and to develop markers facilitating efficient
marker based selection.

In a previous study, Kriamer (2003) observed a quantita-
tive distribution for scald resistance in the barley cross
‘Igri’ x ‘Triton” (60 DH lines) after artificial inoculation
with a mixture of 28 pathotypes containing isolates over-
coming all major resistance genes known at that time,
including Rrsl of “Triton’. Thus, the aim of the current
study was (1) to investigate the genetics of the quantitative
R. secalis resistance in an extended ‘Igri’ (rrs1) x “Triton’
(Rrs1) population (135 DH lines) by using the virulent sin-
gle spore R. secalis isolate 271; (2) to get information
whether additional isolate 271-specific resistance QTL are
present by including the moderately resistant DH popula-
tion ‘Post’ x ‘Vixen’ (both without known Rrs-gene), and
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(3) to compare the results with already mapped resistance
genes and QTL via the barley BIN map (http://barleyge-
nomics.wsu.edu/) and the barley consensus map of Varshney
et al. (2007).

Materials and methods
Plant material

Two barley DH populations were used in the present study:
One consists of 135 anther-derived DH lines from a cross
(F,) between the susceptible two-rowed winter barley cv.
‘Igri’ (rrs1) and the resistant six-rowed winter barley cv.
“Triton’” (Rrs1) (I x T). Resistant cv. ‘Triton’ is known to
carry the Rrsl resistance gene on chromosome 3H (Graner
and Tekauz 1996). But, after infestation with virulent
R. secalis-isolates cv. ‘Triton’ remained resistant indicating
the presence of (an) additional resistance source(s) different
from Rrs1 (Krdmer 2003, M. Schonfeld, personal commu-
nication). The second progeny comprises 76 F, anther-
derived DH lines of the cross ‘Post’ x ‘Vixen’ (P x V),
originally developed to study BYDV-tolerance (Scheurer
etal. 2001). This population was used in this study to assess
isolate-specific resistance reaction because cv. ‘Post’ turned
out to be moderately resistant against R. secalis isolate 271.

Rhynchosporium secalis resistance assay

Resistance assessment of each DH line, four replicates in
one pot, was carried out at the seedling stage in greenhouse
chambers according to Schweizer et al. (2004) with the sin-
gle-spore isolate 271 of R. secalis in a suspension adjusted
to 2-300,000 spores ml~!. Each plant was assessed visually
three times 14-21 days after inoculation (dai) for scald
symptoms on the lamina of the second leaf according to the
scale described by Jackson and Webster (1976). The final
score of scald severity for each DH line was calculated by
averaging the scores of four individual plants in each exper-
iment. A total of four independent greenhouse experiments
with DH population I x T and two additional idependent
experiments with P x V were performed in the years 2004—
2006. For inoculations, the R. secalis single-spore isolate
271 (from E. Sachs, collected in Strassmoos, LfLL Bavaria,
Germany) was selected due to its known virulence against
Rrs1 of cv. “Triton” (M. Schonfeld, personal communication).
To obtain clear evidence on the performance of the
resistance tests Spearman’s rank correlation coefficients
between all experiments within each DH population were
computed. Further on, Kolmogorov—Smirnov Test (Pg_g)
was carried out to test the frequency distribution of
Rhynchosporium resistance scores for conformity with a
Gaussian distribution of each trial by using SPSS 14.0.
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Assessment of Rhynchosporium secalis resistance
of I x T in the field

With the I x T DH population an additional resistance test
was carried out in a field trial with an natural unspecified
mixture of pathotypes to confirm major resistance QTL
detected in green house tests at the Bavarian State Research
Centre for Agriculture, Freising in 2006 in blocks of six
double rows without replications but with the susceptible
cv. ‘Nelly’ as check two times in each block (double-rows
2 and 5). Visual assessment of scald symptoms was con-
ducted per row according to the EPPO guidelines ranking
from one (resistant) to nine (susceptible).

DNA marker analysis

Leaf samples of approx. 100 mg were taken from the par-
ents and each single DH line of both populations. Genomic
DNA of barley leaves was extracted according to Doyle
and Doyle (1990). In order to identify molecular markers,
‘Igri’ and ‘Triton’ were screened for polymorphisms by
EcoRI + 3/Msel +3 AFLP primer combinations, RAPD
primers, and SSRs. Molecular analyses using these tech-
niques were performed according to Ordon et al. (1995) for
RAPDs, Vos et al. (1995) and Schiemann et al. (1999) for
AFLPs, and for SSRs according to Ramsay et al. (2000), Li
etal. (2003); cf. http://wheat.pw.usda.gov/cgi-bin/graing-
enes/browse.cgi. AFLP and SSR detection was carried out
on a LiCor 4200S DNA sequencer (MWG Biotech, Ebers-
berg, Germany). RAPDs and AFLPs were named according
to the respective primer or primer combination followed by
the fragment size, or numbered from the smallest to the
largest fragment (AFLPs). Additionally, the STS marker
cMWG680 (Graner and Tekauz 1996), the Vrsi-locus
(row-type gene of barley spike) as well as the SNP marker
P1D23R (M. Roder and A. Hanemann, unpublished, on
request), the STS marker GemS13 (G. Schweizer, in prepa-
ration, on request), and the SSR markers GBM1121 and
GBM1281 (Stein et al. 2007) were applied on the I x T
population. These additional markers were used because of
their chromosomal position or since they have been
reported by the cited authors to be closely related to
R. secalis resistance. The STS marker cMWG680 maps in
the centromeric region of chromosome 3H and is a selection
marker for Rrs1 (Graner and Tekauz 1996). The markers
GemS13 and P1D23R are closely linked to the resistance
genes Rrsl5cgo05 and Rrs2 on the short arm of chromo-
somes 2H and 7H, respectively (Schweizer et al. in prepara-
tion, Roder et al. in preparation) whereas GBM1121 and
GBM1281 were additionally used to increase the marker
density on chromosome 2H. The morphological marker
(Vrsl-locus) is known to be located on chromosome 2H
too, and has been used in this study as an anchor marker.

Linkage analysis

Genetic mapping for the DH population P x V was carried
out according to the procedure described by Schifer-Pregl
etal. (1999) with the software package MAPMAKER
(Lander et al. 1987) using Haldane’s (1919) mapping func-
tion (Scheurer et al. 2001). In contrast, a genetic linkage
map of the DH population I x T was established with the
software JoinMap 3.0 (Van Ooijen and Voorrips 2001)
using Kosambi’s (1944) mapping function. All markers
which were uniquely placed by this procedure were chosen
for map construction. SSRs and morphological markers
with known chromosomal locations were used as anchor
markers to assign linkage groups to chromosomes. All
mapped markers were tested for the expected 1:1 segrega-
tion ratio using a 3> goodness-of-fit test.

QTL analysis

QTL analysis of Rhynchosporium resistance was performed
with the software package PLABQTL 1.2bic (Utz and Mel-
chinger 1996, 2006, https://www.uni-hohenheim.de/plant-
breeding/software/) employing the composite interval
mapping (CIM) procedure. The LOD threshold value used
to determine the genome-wide significance (P < 0.05) of a
putative QTL was obtained empirically by permutation
tests (1,000 replications) using PlabQTL 1.2bic. QTL anal-
yses were carried out across all environments with cofac-
tors obtained by the PLABQTL procedure. QTL positions
were determined at the maximum of the respective LOD
plot curve. The explained phenotypic variance of each indi-
vidual QTL and the sum of all detected QTL was calculated
in a final simultaneous fit (FSF). Furthermore, Bayesian
information criterion (BIC), a more restrictive selection
strategy compared to the F-to-enter and F-to-delete proce-
dure of the FSF strategy, was used to choose the marker
cofactors. Visualisation of QTL was carried out by using
MapChart 2.2 (Voorrips 2002).

Results

Phenotypic variation of resistance against Rynchosporium
secalis isolate 271

After resistance scoring of both DH populations a high
degree of variation was observed ranging from pronounced
resistance to complete susceptibility revealing transgressive
lines. Focussing on the I x T population a two-peak
frequency distribution was obtained for the data of the field
trial (Py_g=0.002) and four greenhouse trials (Py_g i,1 =
0.016, Py s wianp = 0227, Py_s yriaiz = 0.092, Py g yian =
0.009, Px_s wials mean = 0.093) assuming that P>0.1 is
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Fig. 1 R. secalis reaction of the 135 DH lines of the I x T population
recorded in a field test at Freising in 2006

equivalent to a Gaussian distribution (Figs. 1, 2), whereas
the P x V lines fit a Gaussian distribution (Py_g a1 =
0.294, P s giaip = 0.115, Py g gials mean = 0.667) (Fig. 3).
The estimation of Spearman’s rank correlation coefficient
reveals moderate to high correlations between the scores of
all four greenhouse tests of the I x T population and the two
trials of the P x V cross (Table 1). Therefore, all data of
greenhouse trials were used for the QTL analyses.

Genetic mapping

In total 228 (I x T population) and 117 (P x V population)
SSR, AFLP, RAPD, STS markers, and one morphological
marker were used to generate the linkage maps. The result-
ing map of I x T comprises the expected seven linkage
groups at an average spacing between markers of 4.72 cM.
The map covers a total of 1075 cM and consists of 82 SSR,

Fig. 2 R. secalis reaction of the

1125  1.26-1.75 1. 3.76-4.00

-2.25 2.26-2.75 2.76-
ranks

Fig. 3 R. secalis resistance of 76 DH lines of the cross P x V recorded
in two greenhouse tests in Freising in 2005 and 2006

Table 1 Spearman’s rank correlation coefficients of the Rhynchospo-
rium secalis resistance tests of the DH lines of the crosses ‘Igri’ x
“Triton” and ‘Post” x ‘Vixen’ (2004-2006)

135 DH lines of the I x T popu-
lation recorded in four green-

house tests in Freising in 2004—
2006

Exp. 1 Exp. 2 Exp. 3 Exp. 4
‘Igri’ x “Triton’
Exp. 1 1.00 0.69%* 0.80%* 0.71%%*
Exp. 2 - 1.00 0.66%* 0.65%*
Exp. 3 - - 1.00 0.63%%*
Exp. 4 - - - 1.00
‘Post” x ‘Vixen’
Exp. 1 1.00 0.75%%* - -
Exp. 2 1.00 - -
** Significant on the 0.01 level (2-tailed)
‘Igri” x “Triton” (135 DH lines)

= trial 1

+ trial 2

7 trial 3

#® trial 4

M trial 1-4

N individuals
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106 AFLP, 39 RAPD and STS markers as well as one mor-
phological marker (Vrsl-locus). Each linkage group could
be unequivocally assigned to an individual barley chromo-
some. Larger gaps of >25 cM were observed on the long
arms of chromosomes 3H, 4H, 5H, and 7H. Deviations
from the expected segregation ratio of 1:1 in favour of
‘Igri’ alleles were observed for markers on chromosomes
3H, 4H, and 5H. The genetic linkage map of P x V has
been described already by Scheurer et al. (2001). In both
maps the order of SSRs corresponds to published results of
Ramsay et al. (2000), Li et al. (2003), and Varshney et al.
(2007).

QTL analysis for the population I x T

Based on recordings of four independent greenhouse trials,
three highly significant QTL for resistance to R. secalis iso-
late 271 were detected on chromosomes 2HS, 6H (centro-
meric region), and 7HS at a LOD score of >3.63 (P < 0.05,
permutation test) after FSF (Fig. 4, Table 2). All three QTL
derive from the resistance donor ‘Triton’ together explain
79.7% of the phenotypic variance. The major QTL on chro-
mosome 2HS alone, flanked by the SSR marker GBM1281
and the STS marker GemS13, explains 77.7% (FSF) of the
phenotypic variance. In addition, the two minor QTL on
chromosomes 6H and 7HS each explain a partial pheno-
typic variance of more than 20%. Even after application of
BIC all three QTL remained significant (Table 2).In order
to get information whether these QTL are effective against
an unspecified mixture of pathotypes an additional QTL
analysis based on the data of the field trial were carried out

and two QTL at a LOD threshold >6.53 corresponding to
the major resistance loci of ‘Triton’ were detected. One on
chromosome 2HS in the same marker interval as the one
detected in the greenhouse trials, and the second in the cen-
tromeric region of 3H where Rrs1 is located. (Table 2).

QTL analysis for the population P x V

QTL analysis was run based on two greenhouse tests, i.e.
each DH line was tested two times in four replicates. After
simultaneous fit, two significant QTL for resistance to
Rhynchosporium isolate 271 were detected with a LOD
score >3.34 (P <0.05 after permutation test) (Fig.S5,
Table 2): One of them on chromosome 6H with the positive
allele derived from the moderately resistant cv. ‘Post’, and
a smaller one on 7HS with the positive allele derived from
‘Vixen’. Together, both QTL explain 35.1% of the pheno-
typic variance. The QTL of chromosome 6H has the stron-
ger effect explaining a partial phenotypic variance of
37.1%. Applying BIC, only the QTL on chromosome 6H
was still significant explaining 30.3% of the phenotypic
variance.

Discussion

Gene loci involved in Rhynchosporium resistance
on chromosome 2H

The major QTL detected in the I x T population is located
distally on the short arm of 2H in a genomic region where

2H_IxT
[ E3647130 :
12|~ H12_s80 )
17 ——— cBM1281 8 -
21— GemS13 - H
2 ot v |4
3 1647245
' GBM1121
57~ |- E3seBi10
e~y eunw
88— [~ E4349140 -
T3 ™~ NO1_360
85 Vst
% |EIIMS11 E3648110
107 —|_|— cemso2
1Mo—1—E12.680
120 2401360

131 —— E3248064

Fig. 4 Chromosomal location of QTL for Rhynchosporium secalis resistance in the barley DH population I x T
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Table 2 LOD scores, percent-

. . FSF BIC
ages phenotypic variance ex-
plained (R?) and additive effects LOD R? (%) Additive effect Part. R* (%) Part. R* (%)
of the detected QTL in the DH
populations I x T and P x V ‘Igri’ x “Triton’ (I x T): 4 greenhouse experiments
QTL1,;0,Rrs2H,;, 49.57 81.8 —0.643 717 777
QTL ;0 RIS6H 7, 3.19% 10.4 ~0.157 2238 22.8
QTLyy0 Rrs7Hy, 8.31 24.8 ~0.169 20.9 20.9
Sum 79.7 79.7
‘Igri’ x “Triton” (I x T): 1 field trial
QTLpy10nRES2H, 13.44 38.4 —0.964 25.8 25.8
QTL 0 RS3H, 1 6.53 20.9 —0.704 18.0 18.0
*LOD score P < 0.1 Sum 36.8 36.8
ns not significant at the 0.01 ‘Post’ x ‘Vixen’ (P x V): 2 greenhouse experiments
level QTLy, Rrs6H,,, 3.62 19.7 0.226 37.1 32.1
et QTLy, Rrs7H,, 401 216 ~0.189 9.6 ns
BIC Baysian information Sum 35.1 303
criterion ) )
6H_PxV TH_PxV
~ L 1 L 0 N i i
9 N0 o e m—— 1> cavasiio \
12 viriioo - e ;
!-’? e T 18 A111010 \
24 AG18720 o .
\ 3 3249386 '\l
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5 Sieako \ 61 esaar2e0 | ||
\ 68 e3347221 | v
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102 —~ 11— AJ041250
108 —|_|— e4147_14 > 105 AI06620 I =
113 119330 — m HVMSA e
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141 AI11000 ) 143 — | —ed147_13
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184 Bmag120
189 e4147_12
207 €3951_4
214 AG18320
23 Bmac156
245 4348220
252 ——e3951_7

Fig. 5 Chromosomal location of QTL for Rhynchosporium secalis resistance in the barley DH population P x V

the scald resistance gene Rrs/5qg,43 has been detected by
Schweizer etal. (2004). The closely linked STS marker
GemS13, identified by Schweizer et al. (in preparation, on
request), could also be mapped in the I x T population and
is one of the flanking markers of the QTLyy,,Rrs2Hys,.

@ Springer

Therefore, it is very likely that the detected major QTL ;00
Rrs2H,,, is identical with or allelic to the R-gene
Rrs15c1g,85- Besides this gene, a few loci for scald resis-
tance have already been detected on the short arm of chro-
mosome 2H (Backes et al. 1995, Grgnnergd et al. 2002,
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Sayed et al. 2004, von Korff et al. 2005, Zhan et al. 2008).
In contrast to the QTL detected in this study, a weak QTL
(LOD <3.0, not confirmed by CIM) of the Ethiopian line
‘Abyssinian’ (CI668) described by Grgnnergd et al. (2002)
is located in the centromeric region of 2H. Further on, a
QTL for scald resistance on 2HS detected by von Korff
et al. (2005) with the positive allele derived from the wild
barley H. vulgare ssp. spontaneum ISR42-8 is not located
in the genomic region of Rrs/5cgygs, to0. The remaining
QTL for scald resistance on chromosome 2H detected by
Sayed et al. (2004) in one environment maps on the long
arm with a LOD score of 2.5. By comparing the genomic
region of Rrsl5cpg,gs With the maps of Rostoks et al.
(2005), Marcel etal. (2007), Ramsay et al. (2000), and
Varshney et al. (2007), it turned out that the QTL detected
by von Korff et al. (2005) must be different from those of
Grgnnergd et al. (2002) but still seems not to be located in
the genomic region of Rrs/5¢gygs-

Resistances against different other barley pathogens
were mapped on chromosome 2H: Pickering et al. (1998)
mapped the resistance genes Rph.Hb and MIhbl.a in BIN1
of chromosome 2HS whereas Rrsl5qjg,43 Was located in
BIN3 (http://barleygenomics.wsu.edu/, Williams 2003).
Several Fusarium head blight (FHB) resistance and myco-
toxin (DON) accumulation QTL were detected on 2H
(Dahleen et al. 2003, Mesfin et al. 2003). All other loci are
in the centromeric region of 2H, except QFhs.umn-2H.1,
which is mapped on the short arm of chromosome 2H and
may be located in the genomic region of Rrsi5:ig,gs as
shown by comparison of marker positions via common
markers on the barley consensus map (Mesfin et al. 2003,
Varshney et al. 2007).

Gene loci for scald resistance on chromosome 6H

Some scald resistance QTL have been described on chro-
mosome 6HS (Zhan et al. 2008). Most of the resistance
QTL (Jensen et al. 2002, Cheong et al. 2006, Shtaya et al.
2006) were located on the short arm in a genomic region
where the Rrs13 gene was mapped, too (Abbott et al.
1992). An additional QTL (Rrsq4) has been described in a
single experiment by Shtaya et al. (2006). Comparing these
genomic regions with QTLp (Rrs6H,,, detected in P x V
after comparison with the barley consensus map of Varsh-
ney etal. (2007) it can be hypothesized that these QTL
actually represent alleles of Rrsl3 contributing to scald
resistance with minor effects (Jensen et al. 2002, Cheong
et al. 2000).

In the centromeric region of chromosome 6H, in which
the QTLy;,,Rrs6H,,; is located, no scald resistance QTL
has been described so far. Marcel et al. (2007) mapped a
Puccinia hordei resistance QTL (Rphq3) of the
‘194’ x ‘Vada’ cross in the centromeric region of 6H

(BING6), a genomic region where the Pyrenophora teres
resistance gene Rplciog;9 (Manninen 2000), the BaMMV/
BaYMYV resistance gene rym15 (Le Gouis et al. 2004), and
the BYDV resistance gene Ryd3 (Niks et al. 2004) have
been mapped. Furthermore, Marcel et al. (2007) showed
co-localisation of the Rphq3 QTL with the defence gene
homologues (DGHs) WBE103, GBS0164 (both mRNA
sequences for a glycoprotein with a superoxide dismutase
function), and WBE201 (similar to Xa21 homologue with a
serine/threonine-protein kinase function). A comparison of
the respective centromeric region of 6H with the transcript
map of Stein et al. (2007) and with the map of Rostoks
et al. (2005) indicates the relevance of this region for stress
reaction, but not indicating potential candidate gene(s) for
R. secalis resistance.

Scald resistance loci on chromosome 7H

Two genes or genomic regions on chromosome 7H have
been described to be associated with scald resistance [Rrs2
and Rrs12 (Hordeum vulgare), and Rrs15 (H. spontaneum);
Zhan etal. (2008)]. The minor resistance QTLryy0n
Rrs7H,;, is located at the end of the short arm of 7H
(BIN1), while QTLy;.,Rrs7H,;, is located on 7HL (BINS-
10). QTLyj0,Rrs7H,;, is located in the same chromosomal
region as Rrs2 (Schweizer et al. 1995), distally on 7HS,
since it is closely linked with the Rrs2 SNP marker
P1D23R developed by Roder and Schweizer (in prepara-
tion). Cheong et al. (2006) have also reported co-localisa-
tion of the scald resistance QTL derived from Harrington
with Rrs2. Regarding further mapped QTL in the genomic
region of Rrs2 (Zhan et al. 2008), it can be hypothesized
due to common molecular markers that there is only one—
probably multiallelic—locus, Rrs2/Rrs12. Besides for scald
resistance, additional R-genes are located in the same geno-
mic region (BIN1) of 7HS, such as Rdg2a for barley leaf
stripe (Drechslera graminea syn. Pyrenophora teres subsp.
graminea) (Tacconi etal. 2001), Rpgl (a receptor-like
kinase; Brueggeman etal. 2002) for barley stem rust
(Puccinia graminis f. sp. tritici) (Kilian et al. 1997, http://
ace.untamo.net/), and Runl for loose smut (Ustilago nuda)
(http://ace.untamo.net/). These facts clearly underline the
importance of the 7HS genomic region for resistance of
barley against different pathogens. Madsen et al. (2003)
mapped a RGA in the genomic region of chromosome 7H
BIN1, but concluded that due to linked markers it is not a
candidate for the Rrs2 locus but suggested MWG851
(Michalek et al. 1999), which belongs to a RGA class 2
(Madsen et al. 2003), or ssCH4 (Seah et al. 1998) as possi-
ble candidate genes.

In spite of the small mapping population and some gaps
in the map, the minor QTLy;, . Rrs7H,;; mapped in the
same region as Rphq8 (Marcel et al. 2007) which is linked
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with a DGH WBEI101, a similar WIR1 protein known to be
induced upon inoculation with Blumeria graminis f. sp.
hordei (Jansen et al. 2005, Zierold et al. 2005) and with the
non-host pathogen P. triticina (Neu et al. 2003). Besides
this, the gene Rpr4 encoding resistance to Pyrenophora
teres f. maculata was mapped in the respective genomic
region (Williams et al. 1999, Williams 2003).

Synopsis

In summary, the newly detected QTL described in this
paper turn out to be located in concordant genomic regions
with resistance genes and QTL mapped before. Inthe I x T
DH population three QTL derived from the resistant cv.
“Triton’ were discovered contributing resistance against the
virulent R. secalis isolate 271 whereof the QTL on chromo-
somes 2HS and 7HS seem to be alleles of already described
R. secalis resistance loci Rrs15¢1g005 and Rrs2/Rrs12 due to
their genomic map position flanked by the closely linked
molecular markers GemS13 (2HS) and P1D23R (7HS).
Therefore, the identified major QTL,,Rrs2H,;, in the
present study seems to confirm the resistance locus
described by Schweizer etal. (2004) in the accession
CI8288 on chromosome 2HS. However, this has to be
proven by tests for allelism. Further on, it can be hypothe-
sized that an allele of the Rrs2 resistance locus of chromo-
some 7HS has been identified with only a minor
contribution to Rhynchosporium resistance, which has to be
validated by tests for allelism. The genomic region of chro-
mosome 6H where we have localized a minor QTL in cv.
“Triton’, turned out to contain a number of QTL for resis-
tance against different pathogens and resistance-associated
transcripts.

A single field trial with a natural unspecified mixture of
R. secalis pathotypes revealed that cv. “Triton’ is carrying
two major resistance loci, the Rrsl locus on chromosome
3H described by Graner and Tekauz (1996) and Kridmer
(2003) as well as the resistance locus on 2HS confirmed in
the greenhouse against the virulent R. secalis isolate 271.

Regarding the small P x V DH population a major
QTL for R. secalis resistance on chromosome 6HS
derives from cv. ‘Post’. By comparing the barley consen-
sus map (Varshney et al. 2007) and the barley BIN map
(http://barleygenomics.wsu.edu/) with results of QTL
analysis it turned out that the significant QTL on 6HS is
closely linked to the genomic region of the Rrs13 resis-
tance locus and may even be allelic to Rrs13.

Therefore, the present study confirms the hypothesis of
Bjgrnstad et al. (2002) and Cheong et al. (2006) that OTL
in the same genomic regions identified in different mapping
populations describe alleles of the same resistance loci.
Both QTL analyses show different genomic regions
involved in resistance against the R. secalis isolate 271

@ Springer

pointing out that there are distinct resistance mechanisms
involved in the pathogen defence to the same pathotype in
both populations.

By comparing the identified relevant genomic regions
with e.g. barley transcript maps of Rostoks et al. (2005),
Marecel et al. (2007), and Stein et al. (2007) candidate genes
migth be detected localized in respective genomic regions
of the identified QTL. These sequences represent genes of
interest to be mapped in the I x T and P x V populations,
respectively, and to study their expression profiles. This
would answer the question of putative functions of the
detected genomic regions involved in scald resistance.
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