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A major QTL conferring crown rot resistance in barley
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H. B. Li - M. X. Zhou - C. J. Liu

Received: 2 October 2008 / Accepted: 4 December 2008 / Published online: 8 January 2009

© Springer-Verlag 2008

Abstract Crown rot (CR) is one of the most destructive
diseases of barley and wheat. Fusarium species causing CR
survive in crop residue and a growing acceptance of
stubble retention practices has exacerbated disease severity
and yield loss. Growing resistant cultivars has long been
recognised as the most effective way to reduce CR damage
but these are not available in barley. In a routine screening
of germplasm, a barley landrace from China gave the best
CR resistance among the genotypes tested. Using a doubled
haploid population derived from this landrace crossed to
Franklin, we demonstrate that the CR resistance of TX9425
was conditioned by a major QTL. The QTL, designated as
Qcrs.cpi-3H, was mapped near the centromere on the long
arm of chromosome 3H. Its effect is highly significant,
accounting for up to 63.3% of the phenotypic variation
with a LOD value of 14.8. The location of Qcrs.cpi-3H was
coincident with a major QTL conferring plant height (PH)
and the effect of PH on CR reaction was also highly sig-
nificant. When the effect of PH was accounted for by
covariance analysis, the Qcrs.cpi-3H QTL remained highly
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significant, accounting for over 40% of the phenotypic
variation. The existence of such a major QTL implies that
breeding barley cultivars with enhanced CR resistance
should be feasible.

Introduction

Crown rot (CR), caused by various Fusarium species, is a
severe and chronic disease of cereals found in many parts
of the world (reviewed by Chakraborty et al. 2006). It has
been known for a long time that both barley and wheat can
be seriously affected by this disease (Wildermuth and Purss
1971). Fusarium head blight (FHB) is the other Fusarium
disease affecting cereals and its economic importance
stems from yield losses and the production of mycotoxins
in grain. Mycotoxin contamination of grain restricts its use
and threatens market access due to harmful effects on
human and animal health. Recent studies in wheat have
demonstrated that CR infected plants can accumulate
mycotoxin in grain as well as other tissues (Mudge et al.
2006).

Crown rot has recently become more prevalent in Aus-
tralia, most likely from the growing trend towards
conservation farming practices involving stubble retention,
as CR pathogens are carried over in residues (Wildermuth
et al. 1997; Wallwork et al. 2004). Similarly, CR problems
in barley and wheat have worsened in the Pacific North-
west of USA (Smiley et al. 2005). Various production
practices are used in managing CR. These include crop
rotation and stubble burning to reduce inoculum load
(Burgess et al. 1996; Kirkegaard et al. 2004) and the use of
partially resistant cultivars (Cook 1980). To breed CR
resistant cultivars, significant efforts have been placed on
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identifying and studying sources of resistance (Wildermuth
and Purss 1971; Wallwork et al. 2004). Genetics of CR
resistance from three partially resistant genotypes have
been reported in wheat recently (Wallwork et al. 2004;
Collard et al. 2005; Bovill et al. 2006). However, genetic
study on CR resistance in barley has lagged behind and no
resistant sources have been reported.

Crown rot and FHB share some key features: both can
be caused by the same Fusarium pathogens (Akinsanmi
et al. 2004), and resistant sources seem to be equally
effective against different Fusarium pathogens (Mester-
hazy 1995; Liu et al. 2004). However, resistance to CR and
FHB seems to be controlled by different genes. FHB
resistant materials are not a good source for CR resistance
(Liu et al. 2004) and the most effective allele controlling
FHB resistance, Fhb-1, on the short arm of chromosome
3B of the spring wheat genotype Sumai 3, showed no effect
on CR infection (Xie et al. 2006).

Studies of CR in barley have mainly considered disease
incidence and severity with few reports considering yield
losses. Smiley et al. (2005) noted an average of 13% yield
reduction in eight winter malting barley cultivars, this
compared with up to 61% loss in winter wheat cultivars in
the same study. Recently, Daniel and Simpfendorfer (2008)
found an average 20% yield loss in barley in a CR inoc-
ulated trial (~360 kg/ha) over different soil types,
compared with 25% loss in bread wheat and 58% loss in
durum wheat under the same conditions. These studies
support the notion that barley cultivars have more severe
CR symptoms than bread wheat cultivars (Wildermuth and
Purss 1971; Klein et al. 1989) but they are more tolerant to
CR infection and suffer less yield losses.

In a germplasm screening for CR resistance we have
identified a barley landrace from China providing the best
CR resistance among 54 cultivars and landraces tested. In
this paper we report on experiments carried out to deter-
mine the genetic basis of resistance in this genotype using a
DH population derived from a cross between this landrace
and an elite Australian cultivar.

Materials and methods
Plant materials

A doubled haploid (DH) population of 92 lines was used to
identify QTL conferring CR resistance and plant height
(PH). The DH population was derived from TX9425 (a
Chinese landrace resistant to CR) and Franklin (an elite
Australian cultivar highly susceptible to CR). A linkage
map for this population constructed using 412 DArT, 80
AFLP and 28 microsatellite markers is available (Wenzl
et al. 2006; Li et al. 2008a).

@ Springer

Evaluation of crown rot resistance

A highly aggressive isolate of Fusarium pseudograminea-
rum (Fp3096) collected in Northern New South Wales,
Australia and maintained in the CSIRO collection (Ak-
insanmi et al. 2004) was used in this study. The procedures
used for inoculum preparation were based on that described
by Mitter et al. (2006). Specifically, plates of 1/4 strength
PDA (potato dextrose agar) inoculated with Fp3096 were
incubated for a week at room temperature. The mycelium
was scraped and plates were incubated for a further week
under a combination of cool white and black (UVA)
fluorescent light with a 12 h photoperiod. Macroconidia
were harvested, suspended in sterile distilled water after
straining through layers of cheese cloth and spore con-
centration was adjusted to meet experimental requirements.
Tween 20 was added (0.1% v/v) to the spore suspension
prior to use.

CR reactions of the DH lines were assessed in three
separate trials conducted between October 2007 and June
2008. The CR assay was based on procedures described by
Li et al. (2008b). Seeds were germinated in a Petri-dish on
three layers of filter paper saturated with water. Newly
germinated seedlings were immersed in the conidial sus-
pension (1 x 10° ml_l) for 1 min. Three treated seedlings
were sown in a 5 cm x 5 cm square punnet (Rite grow
kwik pots, http://www.Gardencityplastics.com, Australia)
containing autoclaved potting mix. Two replicates, each
containing 15 seedlings in 5 punnets arranged in a ran-
domized block design, were used in each of the three trials.
Thirty punnets were placed in each plastic seedling tray for
easy handling. After planting, the seedling trays were
incubated for 24 h in a humid chamber and then transferred
to a glasshouse with 25/15 (£5) °C day/night temperature
and 60/80 (£10) % day/night relative humidity (RH).
Seedlings were watered only when wilt symptoms
appeared. CR severity was assessed at 35 days after inoc-
ulation with a 0-5 scale according to Li et al. (2008b).

Plant height

PH was measured from a 2005/2006 field trial conducted in
Hobart, Tasmania (Latitude: 42°54’, South; Longitude:
147°18', East, designated as Hobart trial) and a glasshouse
trial conducted in 2007/2008 in Brisbane (Latitude: 27°30/,
South; Longitude: 153°00’, East, designated as Brisbane
trial), Queensland in Australia. The Hobart trial consisted
of three replicates. In each of the replicates, the two parents
and the DH lines were hand sown with a single row of
1.5 m long with 50 seeds. The rows were spaced 20 cm
apart. Randomized block design was used in the trial. Ten
plants in the middle of each row were measured for PH.
The average value from the ten plants was used to represent
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the height of a genotype in each of the replicates. For the
glasshouse trial in Brisbane, young seedlings were ver-
nalized for 6 weeks at 4°C and then transplanted in a
glasshouse. The trial consisted of two replicates, each with
four plants. Main tillers from the four plants from each
replicate were measured at maturity and the average value
from the four plants was used to represent the height of a
genotype in each of the replicates.

Statistical analysis

All statistical analyses were performed using GenStat for
Windows in the 10th edition (copy right Lawes Agricul-
tural Trust, Rothamsted Experimental Station, UK). An
analysis of variance was used to detect significant genetic
effects for both CR and PH in the DH population. For each
trial, the following mixed-effects model was used:

Yij = p+ri+ g+ wip

where Y;; observation on the jth genotype in the ith rep-

lication, u general mean, r; effect due to ith replication, g;
effect due to the jth genotype; w;; error or genotype by
replication interaction, where genotype was treated as a
random effect and that of replicates as fixed. Heritability
was estimated from the ANOVA using the formula:
W= aé/[aé + (ag/r)], with O'é the genetic variance,
o2 the residual variance and r the number of replicates per
genotype (Nyquist 1991).

QTL analysis

QTL analysis was preformed using MapQTL® 5.0 (Van
Ooijen 2004). The Kruskal-Wallis test (a non-parametric
equivalent of the one-way ANOVA) was used in a pre-
liminary analysis to detect associations between markers
and individual traits. This was followed by interval map-
ping (IM) to identify the major QTL. Automatic cofactor
selection was used to fit the multiple QTL model (MQM)
[backward elimination (P > 0.02)] and to detect signifi-
cantly associated markers as cofactors. For each trait, a
permutation test was performed to identify the LOD

threshold corresponding to a genome-wide false discovery
rate of 5% (P < 0.05). Based on the permutation tests
(1,000 permutations), a threshold LOD value was used to
declare the presence of QTL in the interval MQM analyses.
QTL identified in more than one trial which mapped clo-
sely to one another on the same linkage group, and with
alleles derived from the same parent, were considered to
represent the same QTL. A linkage map was drawn using
MAPCHART (Voorrips 2002).

Results
Crown rot reaction of the DH population

Transgressive segregations of CR severities for the DH
lines were apparent for all the three trials (designated
as CRS1, CRS2 and CRS3, respectively). Frequency
distributions for severity in the three trials were all
approximately normally distributed and slightly skewed
towards greater susceptibility (Table 1). The average CR
ratings for two of the three trials were similar (2.15 for
CRS1 and 2.17 for CRS2), although CRS1 gave a wider
variation from 0.13 to 3.80 than 0.94 to 3.50 for CRS2
(Table 1). CRS3 produced the lowest average CR rating
(1.83) with a narrower distribution from 0.00 to 3.70.
Heritability of CR resistance was high in all trials, with 4?
ranging from 0.74 to 0.83 (Table 1).

PH of Franklin, TX9425 and their derived DH lines

The cultivar Franklin likely carries the denso semi-dwarf-
ing gene (see “Discussion”). The average height of this
variety was 86.3 centimetres (cm) in the Hobart trial and
83.4 cm in the Brisbane trial. The difference in height from
the two contrasting environments, one in the Hobart winter
sown field trial and the other in a summer sown glasshouse
trial in Brisbane, was only about 3%.

TX9425 is a landrace from China and it is not clear
what gene(s) conferred PH in this genotype. The average
height of this genotype was 57.60 cm from the Hobart

Table 1 Crown rot severity and plant height of the two parents Franklin and TX9425 and their derived DH population

Traits Trials Mean for parents DH lines
TX9425 Franklin Minimum Maximum Mean SD W
Crown rot Severity (0-5 scale) CRS1 1.36 3.06 0.13 3.80 2.15 0.60 0.74
CRS2 1.70 2.92 0.94 3.50 2.17 0.58 0.83
CRS3 1.53 3.00 0.00 3.70 1.83 0.70 0.81
Plant height (cm) Hobart 57.60 86.32 40.95 99.30 64.07 12.58 0.76
Brisbane 36.64 83.40 25.25 83.75 42.95 13.72 0.89
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trial and 36.63 cm from the Brisbane trial, with a 36%
difference in height between the two environments. Also,
compared with that of Franklin, TX9425 was 36%
shorter in the Hobart trial and 47% shorter in the Bris-
bane trial.

The distributions of PH of the DH population in the two
trials were all transgressive and skewed towards the shorter
parent TX9425. The height of the DH population ranged
from 40.95 to 99.3 cm with an average of 64.07 cm in the
Hobart trial, and from 25.25 to 83.75 cm with an average
of 42.95 cm in the Brisbane trial. In both trials, the average
height of the DH population was in-between the PH of the
two parents (Table 1). As expected, the values of herita-
bility of PH detected in both of the trials were high, with h*
of 0.76 and 0.89 respectively (Table 1).

QTL analysis
QTL for Crown rot reaction

MQM analyses of data from the three CR assessments
identified a similar QTL conferring CR resistance at
threshold LOD values of 2.7, 2.8 and 2.8, respectively.
This QTL was located on the long arm of chromosome 3H
flanked by markers bPb-4747 and bpb-6765 (Fig. 1). We
have designated the QTL as Qcrs.cpi-3H, where ‘crs’

Fig. 1 QTL conferring crown

rot resistance in the barley DH
population of Franklin/TX9425
identified using composite

bPb-4022 bPb-1857
bPb-5555
bPb-1264 bPb-3689
bPb-9402
bPb-6978
bPb-6275 bPb-1814

represents ‘crown rot severity’ and ‘cpi’, CSIRO Plant
Industry following convention. The resistant allele of this
locus was derived from the resistant parent TX9425. This
QTL explained 34.1% (LOD 5.2), 44.5% (LOD 8.1) and
60.4% (LOD 9.8) of the phenotypic variation respectively
in the three separate trials. Combining data from the three
trials further improved both LOD value (14.8) and the
magnitude (63.3%) of Qcrs.cpi-3H (Table 2). Additional
loci conferring CR resistance were not detected from this
DH population using data from any of the three separate
trials or the three trials combined.

QTL for plant height

MQM analysis of the Hobart trial detected two QTL at a
threshold LOD value of 2.8. Both QTL were located on the
long arm of chromosome 3H, one (Qph.cpi-3H.1) flanked
by markers bPb-4747 and bPb-6765 and the other
(Oph.cpi-3H.2) flanked by markers Bmag606 and bPb-
2550 (Table 2, Fig. 2). The magnitude of Qph.cpi-3H.1 is
slightly larger than that of Qph.cpi-3H.2. The peaks of the
two PH QTL were separated by a distance of 22 cM. The
proximal Qph.cpi-3H.1 was derived from TX9425, and the
distal Qph.cpi-3H.2 was derived from Franklin.

The PH data from the glasshouse trial in Brisbane
generated a single QTL at a threshold (highly significant)

interval mapping on the long
arm of chromosome 3H. The
LOD values from each
centimorgan of the chromosome
were plotted against the
chromosome
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Table 2 QTL for crown rot severity (CRS) and plant height (PH) identified in the DH population of Franklin/TX9425
Trials QTL LOD Chr Interval Flanking markers R* (%) Origin
Crown rot severity
CRS1 Qcrs-cpi-3H 52 3H 59.7-71.8 bPb-4747 and bPb-6765 34.1 TX9425
CRS2 Qcrs-cpi-3H 9.8 3H 59.7-71.8 bPb-4747 and bPb-6765 60.4 TX9425
CRS3 QOcrs-cpi-3H 8.1 3H 59.7-71.8 bPb-4747 and bPb-6765 44.5 TX9425
Combined Qcrs-cpi-3H 14.8 3H 59.7-71.8 bPb-4747 and bPb-6765 63.3 TX9425
Plant height
Hobart Oph-cpi-3H-1 11.9 3H 59.7-70.9 bPb-4747 and bPb-6765 424 TX9425
Oph-cpi-3H-2 8.9 3H 82.2-99.8 Bmag606 and bPb-2550 30.5 Franklin
Brisbane Oph-cpi-3H-1 20.9 3H 59.7-70.9 bPb-4747 and bPb-6765 74.1 TX9425
Combined Oph-cpi-3H-1 8 3H 59.7-70.9 bPb-4747 and bPb-6765 259 TX9425
Oph-cpi-3H-2 14.3 3H 82.2-99.8 Bmag606 and bPb-2550 53.6 Franklin
PH adjusted CRS
Combined Qcrs-cpi-3H 8.8 3H 59.7-70.9 bPb-4747 and bPb-6765 44.8 TX9425
Fig. 2 QTL for plant height in 3H
the barley DH population of bPb-4022 bPb-1857
Franklin/TX9425 identified bPb-1264 bPbo08s
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LOD value of 2.7. This QTL had the same location as
Oph.cpi-3H.1 but was more significant with a LOD 20.9
and 74.7% R? (Table 2, Fig. 2). When data from the two
trials were combined, the same two PH QTL (position-
wise) were detected, but the effect of Oph.cpi-3H.1 (LOD
8.0 and R? 25.9%) was smaller than from either of the two
separate trials, and the effect of Qph.cpi-3H.2 (LOD 14.3
and R? 53.6%) was intermediate (Table 2).

Effect of PH on CR reaction

The QTL conferring CR resistance from TX9425
(Qcrs.cpi-3H) was mapped to the same position as the QTL
conferring PH from the same parent (Qph.cpi-3H.1). To
test any possible effect of PH on CR reaction, combined
data from the three CR trials were analysed against the
combined data from the two PH trials by covariance
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analysis. This analysis showed that PH had a significant
effect on CR reaction. Both LOD value and the magnitude
of Qcrs.cpi-3H were reduced (LOD from 14.8 to 8.8 and R*
from 63.3 to 44.8) when the effect of height was accounted
for (Table 2, Fig. 3). Despite this, the CR QTL remained
highly significant and its position was not affected.

Discussion

Homoeologous relationship between Qcrs.cpi-3H and
other reported loci on 3HL conferring CR and FHB
resistance in barley and wheat

Comparative analysis based on co-linearity between clo-
sely related species has been routinely used to predict and
locate genes/markers of interest. Apart from a few well-
characterized translocations between the A and B genomes
of wheat (Liu et al. 1992), gene orders between barley and
wheat are highly conserved (Devos 2005). Several loci
conferring CR resistance have been reported for bread
wheat, and were located on chromosomes 4B (Wallwork
et al. 2004), 1A and 1D (Collard et al. 2005), and 2B, 2D
and 5D (Bovill et al. 2006). As chromosome 3H of barley
is homoeologous with the group 3 chromosomes of wheat
(Devos 2005), it seems that none of the reported wheat loci
conferring CR resistance are homoeologous with Qcrs.cpi-

Fig. 3 QTL for crown rot 3H
severity from combined data of bPb-4022 bPb-1857

. bPb-5555
the three CR trials pre- bPb-1264 bPb-3689
(combined) and post-adjustment

3H, the first reported QTL conferring CR resistance in
barley.

Crown rot and FHB are two different diseases that can be
caused by the same pathogens (Akinsanmi et al. 2004), and
research has focused on determining whether resistance
genes from a host plant to these two diseases are the same
(Liu et al. 2004; Xie et al. 2006). Most of the barley geno-
types studied so far showed that FHB resistance is controlled
by multiple genes. For example, using a population derived
from the two-rowed parents, Gobernadora and CMB643,
Zhu et al. (1999) found QTL for FHB resistance on six of the
seven barley chromosomes. Similarly, in the Chevron/M69
population de la PeNa et al. (1999) also found QTL for FHB
on 6 of the 7 barley chromosomes. Using a population
derived from the cross Chevron/Stander, Ma et al. (2000)
reported nine QTL for FHB resistance on five of the barley
chromosomes. Although chromosome 3H was found to be
involved in FHB resistance in some of the studies, the multi-
loci nature of FHB resistance is in clear contrast to the single
locus situation for CR resistance revealed in this first study
on CR QTL in barley.

Relationship between the two PH loci detected
in this study with other known PH loci on 3HL

One of the parents used in this study, Franklin, is a long-
season malting cultivar derived from a cross between the
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Australian cultivar Shannon (Proctor*4/CI3208-1) and the
German cultivar Triumph (Diamant/St 1402964/6) (Verti-
gan 1991). As it is known that Triumph carries the denso
dwarfing gene (Laurie et al. 1995) which is widely present
in malting barley cultivars (Mickelson and Rasmusson
1994), the malting cultivar Franklin likely carries this
dwarfing gene. It is also known that denso is allelic with
another dwarfing gene sdw which are located on the long
arm of 3H (Hellewell et al. 2000). Thus, QOph.cpi-3H.2
detected in this study very likely represents the denso/sdw
locus.

The other parent, TX9425, is a landrace from China and
showed marked variation in plant height when growing
under different environments (MX Zhou, unpublished).
This genotype was about 33% shorter than Franklin in the
Hobart trial and was only about half of the height of
Franklin in the Brisbane trial. Previous studies showed that
the semi-dwarf gene uz, also located on 3HL (Tsuchiya
1986), is prevalent among Chinese barley genotypes and it
segregated independently from the locus sdw (Zhang
1998). Thus, it was somewhat expected that two loci
conferring PH were detected in this study, Oph.cpi-3H.1
from TX9425 and Qph.cpi.3H.2 from Franklin. As shown
in Fig. 2, Oph.cpi.3H.1 from the latter is more proximally
located. However, the two loci detected in this study were
not independently segregated. Rather, they are linked and
the genetic distance from the peaks of the two QTL is only
22 cM. If the PH loci of uz and sdw indeed segregate
independently as claimed by Zhang (1998), Oph.cpi.3H.1
from TX9425 detected in this study may represent a new
locus which is different from that of uz. In other words,
there are at least three loci on 3HL conferring PH,
including denso/sdw, uz and Qph.cpi.3H.1 identified in this
study. The possibility that Qph.cpi.3H.I from TX9425
could be new is very significant, as many of the currently
widely used PH genes in barley show inferior effects on
grain yield and other traits of agronomic importance
(Hellewell et al. 2000). Thus, there is an urgent need to
clarify if Qph.cpi.3H.1 from TX9425 represents a new
locus.

However, we could not rule out the possibility that
Oph.cpi-3H.1is in fact the same as uz. It is well known that
recombination rates between loci could be dramatically
affected by numerous factors including the use of different
populations (Liu et al. 1996). It is possible that, for some
unknown reasons, the recombination rate on the long arm
of chromosome 3H was somehow dramatically reduced in
the population used in this study.

It is of interest to note that the two PH loci detected in
this study had dramatically different responses between the
two trials. As shown in Table 2 and Figure 2, the effect of
Oph.cpi-3H.2 from Franklin was detected only from the
Hobart trial, while that of Qph.cpi-3H.1 from TX9425 was

detected from both trials (Table 2, Fig. 2). Similarly,
compared with that of Franklin, the height of TX9425 was
also changed more dramatically between the two trials. It
was not unexpected that the very different environments
between the field trial in Hobart and the glasshouse trial in
Brisbane would significantly affect PH. However, the dif-
ferent responses of the two QTL between the two trials
warrant further study, as it would affect its value in
breeding programs.

The usability of Qcrs.cpi-3H and Qph.cpi-3H.1

There had only been one report to date on the possible
association between CR infection and PH (Wallwork et al.
2004). These authors detected a CR QTL co-located with a
PH locus on chromosome 4B in wheat, and found that the
two traits were negatively correlated, i.e., taller plants
showed to be more resistant. Surprisingly, in this first
barley mapping study we also detected that QTL conferring
PH (Qph.cpi-3H.1) and CR resistance (Qcrs.cpi-3H) co-
located, even though this time their association is positive,
i.e., shorter plants gave better CR resistance. It is not clear
if the association between CR and PH in both of the
reported studies is coincidental. However, one negative and
one positive association between these two traits found in
the two different studies suggest that PH per se may have
no effect on CR resistance. The observed effect of PH on
CR reaction could be due either to closely linked genes or
the two traits were conditioned by the same gene(s) with
pleiotropic effects. Nevertheless, it is paramount to clarity
their relationship which would have significant conse-
quences in successfully exploiting the CR locus as well as
the PH QTL in breeding programs.

Acknowledgments The authors are grateful to Dr. Scott Chapman
for his help with data analyses, and Dr. Sukumar Chakraborty for his
critical reading of the manuscript.

References

Akinsanmi OA, Mitter V, Simpfendorfer S, Backhouse D, Chakr-
aborty S (2004) Identity and pathogenicity of Fusarium spp.
isolated from wheat fields in Queensland and northern New
South Wales. Aust J Agric Res 55:97-107

Bovill WD, Ma W, Ritter K, Collard BCY, Davis M, Wildermuth GB,
Sutherland MW (2006) Identification of novel QTL for resis-
tance to crown rot in the doubled haploid wheat population
W2IMMT70 x Mendos. Plant Breed 125:538-543

Burgess LW, Backhouse D, Swan LJ, Esdaile RJ (1996) Control of
Fusarium crown rot of wheat by late stubble burning and rotation
with sorghum. Aust Plant Pathol 25:229-233

Chakraborty S, Liu CJ, Mitter V, Scott JB, Akinsanmi OA, Ali S,
Dill-Macky R, Nicol J, Backhouse D, Simpfendorfer S (2006)
Pathogen population structure and epidemiology are a key to
wheat crown rot and Fusarium head blight management. Plant
Pathol 35:1-13

@ Springer



910

Theor Appl Genet (2009) 118:903-910

Collard BCY, Grams RA, Bovill WD, Percy CD, Jolley R,
Lehmensiek A, Wildermuth G, Sutherland MW (2005) Devel-
opment of molecular markers for crown rot resistance in wheat:
mapping of QTL for seedling resistance in a 2-49 x Janz
population. Plant Breed 124:532-537

Cook RJ (1980) Fusarium root rot of wheat and its control in the
Pacific Northwest. Plant Dis 64:1061-1066

Daniel R, Simpfendorfer S (2008) http://www.grdc.com.au/uploads/
documents/GRDC%?20update %202008%20crown%20rot%20
impact%20on%20yield.doc

de la Pena RC, Smith KP, Capettini F, Muehlbauer GJ, Gallo-
Meagher, Dill-Macky R, Somers DA, Rasmusson DC (1999)
Quantitative trait loci associated with resistance to Fusarium
head blight and kernel discoloration in barley. Theor Appl Genet
99:561-569

Devos KM (2005) Updating the crop circle. Curr Opin Plant Biol
8:155-162

Hellewell KB, Rasmusson DC, Gallo-Meagher M (2000) Enhancing
yield of semidwarf barley. Crop Sci 40:352-358

Kirkegaard JA, Simpfendorfer S, Holland J, Bambach R, Moore KJ,
Rebetzke GJ (2004) Effect of previous crops on crown rot and
yield of durum and bread wheat in northern NSW. Aust J Agric
Res 55:321-334

Klein TA, Burgess LW, Ellison FW (1989) The incidence of crown
rot in wheat, barley and triticale when sown on two dates. Aust J
Exp Agric 29:559-563

Laurie DA, Pratchett N, Bezant JH, Snape JW (1995) RFLP mapping
of five major genes and eight quantitative trait loci controlling
flowering time in a winter x spring barley (Hordeum vulgare L.)
cross. Genome 38:575-585

Li HB, Vaillancourt R, Mendham NJ, Zhou MX (2008a) Comparative
mapping of quantitative trait loci associated with waterlogging
tolerance in barley (Hordeum vulgare L.). BMC Genomics 9:401

Li XM, Liu CJ, Chakraborty S, Manners JM, Kazan K (2008b) A
simple method for the assessment of crown rot disease severity
in wheat seedlings inoculated with Fusarium pseudograminea-
rum. J Phytopathol 156:751-754

Liu CJ, Atkinson MD, Chinoy CN, Devos KM, Gale MD (1992) Non-
homoeologous translocations between group 4, 5 and 7 chro-
mosomes within wheat and rye. Theor Appl Genet 83:305-312

Liu CJ, Witcombe JR, Pittaway TS, Nash M, Gale MD (1996) The
effect of genome and sex on recombination in Pennisetum
species. Theor Appl Genet 93:902-908

Liu C, Magner T, Mitter V, Ban T, Chakraborty S (2004)
Relationship between resistance to Fusarium head blight and
crown rot in hexaploid wheat. In: Proceedings of the fourth
international crop sciences congress. Available at http://www.
cropscience.org.au/icsc2004/poster/3/7/2/1685_liu.htm

Ma Z, Steffenson BJ, Prom LK, Lapitan NLV (2000) Mapping
quantitative trait loci for Fusarium head blight resistance in
barley. Phytopathology 90:1079-1088

Mesterhdzy A (1995) Types and components of resistance against
Fusarium head blight of wheat. Plant Breed 114:377-386

Mickelson HR, Rasmusson DC (1994) Genes for short stature on gain
from selection. Biometrics 22:843-846

@ Springer

Mitter V, Zhang MC, Liu CJ, Ghosh R, Ghosh M, Chakraborty S
(2006) A high-throughput glasshouse bioassay to detect crown
rot resistance in wheat germplasm. Plant Pathol 55:433-441

Mudge AM, Dill-Macky R, Dong Y, Gardiner DM, White RG,
Manners JM (2006) A role for the mycotoxin deoxynivalenol in
stem colonisation during crown rot disease of wheat caused by
Fusarium graminearum and Fusarium pseudograminearum.
Physiol Mol Plant Pathol 69:73-85

Nyquist WE (1991) Estimation of heritability and prediction of
selection response in plant populations. Crit Rev Plant Sci
10:235-322

Smiley RW, Gourlie JA, Easley SA, Patterson LM, Whittaker RG
(2005) Crop damage estimates for crown rot of wheat and barley
in the Pacific Northwest. Plant Dis 85:595-604

Tsuchiya T (1986) Linkage maps of barley (Hordeum vulgare L.).
Barley Gene Newsl 16:40—41

Van Ooijen JW (2004) MapQTL Version 5.0, Software for the
mapping of quantitative trait loci in experimental populations.
Kyazma BV, Wageningen

Vertigan WA (1991) Register of Australian winter cereal cultivars.
Aust J Exp Agric 31:863

Voorrips RE (2002) MAPCHART: software for the graphical
presentation of linkage maps and QTLs. Hered 93:77-78

Wallwork H, Butt M, Cheong JPE, Williams KJ (2004) Resistance to
crown rot in wheat identified through an improved method for
screening adult plants. Aust Plant Pathol 33:1-7

Wenzl P, Li HB, Carling J, Zhou MX, Raman H, Paul E, Hearnden P,
Maier C, Xia L, Caig V, Ovesna J, Cakir M, Poulsen D, Wang
JP, Raman R, Smith KP, Muehlbauer GJ, Chalmers KIJ,
Kleinhofs A, Huttner E, Kilian A (2006) A high-density
consensus map of barley linking DArT markers to SSR, RFLP
and STS loci and agricultural traits. BMC Genomics 7:206
(12 August 2006)

Wildermuth GB, Purss GS (1971) Further sources of field resistance
to crown rot (G. zeae) of cereals in Queensland. Aust J Exp
Agric Ani Husb 11:455-458

Wildermuth GB, Thomas GA, Radford BJ, McNamara RB, Kelly A
(1997) Crown rot and common root rot in wheat grown under
different tillage and stubble treatments in southern Australia.
Soil Tillage Res 44:211-224

Xie GQ, Zhang MC, Magner T, Chakraborty S, Liu CJ (2006) Effect
of the 3BS locus of Sumai 3 on Fusarium head blight and crown
rot resistance. In: Proceedings of the 13th Australasian plant
breeding conference, Christchurch, New Zealand, pp 1102-
1106, 18-21 April 2006

Zhang J (1998) Allelism tests for the dwarf genes in the three main
dwarf sources of barley. ANTA Agron Sin 24:42-46

Zhu H, Gilchrist L, Hayes P, Kleinhofs A, Kudrna D, Liu Z, Prom L,
Steffenson B, Toojinda T, Vivar H (1999) Does function follow
form? Principal QTLs for Fusarium head blight (FHB) resistance
are coincident with QTLs for inflorescence traits and plant height
in a doubled-haploid population of barley. Theor Appl Genet
99:1221-1232


http://www.grdc.com.au/uploads/documents/GRDC%20update%202008%20crown%20rot%20impact%20on%20yield.doc
http://www.grdc.com.au/uploads/documents/GRDC%20update%202008%20crown%20rot%20impact%20on%20yield.doc
http://www.grdc.com.au/uploads/documents/GRDC%20update%202008%20crown%20rot%20impact%20on%20yield.doc
http://www.cropscience.org.au/icsc2004/poster/3/7/2/1685_liu.htm
http://www.cropscience.org.au/icsc2004/poster/3/7/2/1685_liu.htm

	A major QTL conferring crown rot resistance in barley �and its association with plant height
	Abstract
	Introduction
	Materials and methods
	Plant materials
	Evaluation of crown rot resistance
	Plant height
	Statistical analysis
	QTL analysis

	Results
	Crown rot reaction of the DH population
	PH of Franklin, TX9425 and their derived DH lines
	QTL analysis
	QTL for Crown rot reaction

	QTL for plant height
	Effect of PH on CR reaction

	Discussion
	Homoeologous relationship between Qcrs.cpi-3H and other reported loci on 3HL conferring CR and FHB resistance in barley and wheat
	Relationship between the two PH loci detected �in this study with other known PH loci on 3HL
	The usability of Qcrs.cpi-3H and Qph.cpi-3H.1

	Acknowledgments
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /SyntheticBoldness 1.00
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org?)
  /PDFXTrapped /False

  /Description <<
    /ENU <>
    /DEU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [5952.756 8418.897]
>> setpagedevice


