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Abstract Using a set of 21 substitution lines of Triticum
macha in a ‘Hobbit Sib’ background, it was previously
demonstrated that chromosome 4A of T. macha carries
significant resistance to Fusarium head blight. In the
present study, the T. macha 4A resistance was further
characterized in a ‘Hobbit Sib’ (T. macha 4A) single-
recombinant chromosome doubled haploid (DH) pop-
ulation. Lines were phenotyped for disease resistance,
yield components and deoxynivalenol (DON) myco-
toxin content over two consecutive seasons. Both resis-
tance to spread and resistance to initial infection were
examined, and it was established that the resistance
residing on T. macha 4A is predominantly of type I
(resistance to initial infection). It was demonstrated that
this type I resistance significantly lowered levels of DON
accumulation in the grain and improved yield compo-
nents under high disease pressure. Genotyping the DH
lines using microsatellite genetic markers enabled the
location of the gene(s) for resistance to be assigned to a
region of the short arm of chromosome 4A, distal to
microsatellite marker Xgwm601 and co-segregating with
microsatellite marker Xgwm165 in this population.

Introduction

The predominant causal agent of Fusarium head blight
(FHB) in the UK is Fusarium culmorum, with other
important species being Fusarium graminearum, Fusari-
um avenaceum, Fusarium poae and Microdochium nivale.
This disease is prevalent in many high-rainfall, cereal-
growing regions of the world. FHB can cause large
reductions in yield (Snijders and Perkowski 1990),

associated with both the characteristic bleaching of ears,
a symptom of penetration and spread of the pathogen
through the rachis into adjacent spikelets (Kang and
Buchenauer 2000) and the invasion of the kernel by the
fungus, resulting in destruction of the starch granules,
and storage proteins causing the familiar symptom of
shrivelled ‘tombstone’ grain. Potentially more important
are the economic losses caused by the accumulation of
mycotoxins in the grain, which accrue from the reduced
price paid for contaminated grain at point of sale and
the costs of mycotoxin testing (Joffe 1983; Windels
2000). F. culmorum produces the trichothecenes, ni-
valenol and/or deoxynivalenol (DON), both inhibitors
of protein synthesis and both with deleterious effects on
animal and human health, including dermatitis, anaemia
and immunosuppresion (Berek et al. 2001). The fungus
is thought to use these secondary metabolites as
aggressiveness/virulence factors, aiding colonization of
the host (Desjardins et al. 1996; Harris et al. 1999). The
control of FHB in small-grain cereals is predominantly
by fungicide application. The effectiveness can be
unpredictable due to the number of organisms present in
the disease complex, the timing of fungicide application
and the development of fungicide resistance (Parry et al.
1995). There is also a growing body of evidence that
suggests complex interactions between the environment,
the pathogens and some fungicides can result in elevated
mycotoxin levels (Milus and Parson 1994; Simpson et al.
2001). This highlights the importance of exploiting
genetic resistance to breed resistant wheat varieties,
thereby reducing the need for fungicide application.
Two broad types of resistance to FHB are recognized
(Schroeder and Christensen 1963), resistance to initial
infection (type I) and resistance to spread within the
spike (type II). Most work reported to date has focused
on type II resistance, as it is less difficult to characterize
than type I. Further types of resistance have been pos-
tulated (reviewed by Ban 2000). However, these are not
assessed in this paper. To date no resistance source has
been identified which can offer complete resistance to
wheat from FHB. Partial resistances have been
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discovered in a wide variety of hosts from Asia (‘Sumai
3’, ‘Nobeokabozu’), South America (‘Frontana’, ‘En-
cruzilhada’) and Europe (‘Praag 8’, ‘Arina’) (Snijders
1990). Resistance to FHB is complex and generally ap-
pears to be oligo-/polygenic (Kolb et al. 2001). In the
best-studied source of resistance, ‘Sumai 3’, the resis-
tance appears to be determined by quantitative trait loci
(QTL) on several chromosomes. A major QTL on
chromosome 3B (Qfhs.nsdu-3BS) and another on 5A
(Qfhs.ifa-5A) have been identified in ‘Sumai 3’ and its
derivatives (Beurstmayr et al. 2003; Liu and Anderson
2003), and others have also been observed in lines de-
rived from this source (Shen et al. 2003; Yang et al.
2003) Another source of resistance to FHB is among
exotic germplasm and the wild relatives of wheat (Gil-
bert and Tekauz 2000; Dardis and Walsh 2003). Resis-
tance to FHB in Triticum macha, a normal hexaploid
land race wheat has previously been shown by Gra-
usgruber et al. (1998) and Mentewab et al. (2000) to be
polygenic in nature, with a large component of the
resistance residing on chromosome 4A. The present
study utilized a doubled haploid (DH) population gen-
erated from the cross between the single-chromosome
intervarietal substitution line ‘Hobbit Sib’: T. macha 4A
(HsTm4A) and ‘Hobbit Sib’. Using this population, we
have been able to characterize the resistance residing on
T. macha 4A and how it affects disease levels, yield
components and mycotoxin accumulation. We have also
been able to define further the map location for the gene
(small group of genes) controlling FHB resistance on
chromosome 4A.

Materials and methods

Fungal material

A single aggressive DON-producing F. culmorum isolate
(Fu 42) obtained from the John Innes Centres Faculta-
tive Pathogen Collection was used in all experiments. The
isolate was cultured in flasks on a wheat and barley grain
mixture at 20�C for 21 days. The conidia were washed
from the grain, rinsed and adjusted to 1·106 conidia
ml�1 and stored at �20�C until required. Prior to inoc-
ulation, the inoculum was amended by the addition of
Tween-20 to a final concentration of 0.05% (v/v).

Plant material and inoculation

A DH (HsTm4ADH) population was generated from
the cross between HsTm4A · ‘Hobbit Sib’. DHs were
generated following the method of Laurie and Rey-
monde (1991), with modifications (Gosman 2002). Dis-
ease and yield trials were conducted with 43 DH lines
and the two parents in a polythene horticultural tunnel
to maintain high humidity, over two seasons. Temper-
ature in the polytunnel was slightly higher than ambient,

with average daytime temperatures during June being
17�C, whereas light levels were slightly reduced because
of the translucent polythene. Individual plants were
grown in 1-l pots filled with John Innes No. 2 loam-
based potting compost adjusted to pH 7.5 with lime.
Plants were randomized in four replicated blocks, three
or four plants per line in each block. Two ears per plant
were spray-inoculated until run off, at mid-anthesis (GS
64, Zadoks et al. 1974) with 1·105 conidia ml�1 inocu-
lum, in 2001 and 2002. In 2002, a single ear per plant
was point-inoculated with 30 ll of 1·106 conidia ml�1

applied to a centrally located spikelet, cut to reveal the
anthers in the middle floret. These methods enable
evaluation for type I + type II resistance and type II
resistance, respectively. Point-inoculated and non-inoc-
ulated control ears were covered for 7 days with small
cellophane crossing bags to prevent contamination.

Phenotypic data collection and analysis

Visual disease symptoms were evaluated 7, 14 and 21
days post inoculation (dpi). Spray-inoculated ears were
scored as percentage of the spikelets showing disease
symptoms and converted to area under the disease
progress curve (AUDPC). Point-inoculated ears were
visually scored for the number of spikelets infected.
Yield components were measured in both years. Total
ear weight (2001 and 2002), mean spikelet weight and
mean grain weight per spikelet (2002 only) were deter-
mined for spray-inoculated and non-inoculated control
plants. These data were expressed as percentages of the
non-inoculated control for each line and are referred to
as relative ear weight (REW), relative spikelet weight
(RSpW) and relative grain weight per spikelet
(RGWSp).

DON quantification was carried out on grain samples
from two blocks of a randomly selected sub-set of 22
lines from the spray-inoculated trial of 2002. In order to
avoid underestimating DON levels, ears were hand-
harvested and manually threshed to retain small highly
infected kernels. A representative sub-sample (4 g) was
milled to flour, and a 1-g sub-sample of this was ex-
tracted in water. The extract was then analysed using a
competitive enzyme immunoassay kit for the quantita-
tive analysis of DON (R-Biopharm, Germany) accord-
ing to the manufacturer’s instructions. Samples were
diluted appropriately to permit quantification by refer-
ence to a standard curve generated from DON standards
provided with the kit.

Statistical analysis

Analysis of variance was carried out on visual disease
and yield data using a general linear model to partition
the variance attributable to genotype and to assess year
· genotype and genotype · block interactions. One-way
analysis of variance incorporating Dunnett’s intervals
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for treatment means tests (P<0.05) with the parents as
standards was used to assign genotypes into (‘Hobbit
Sib’-like) susceptible or (HsTm4A-like) resistant groups.
Two-sample t-tests (P<0.05) were used to confirm
whether there was a significant difference between the
two groups. Pearson coefficients of correlation were used
to analyse the relationship between trait means. All
statistical analyses were undertaken using Minitab, re-
lease 13 (Minitab, USA).

Genotyping

DNA was extracted from fresh leaf tissue of all the DH
lines using a modified CTAB method (Nicholson et al.
1996). The two parents, HsTm4A and ‘Hobbit Sib’, were
screened with microsatellite primers known to be located
on chromosome 4A of T. aestivum. Only microsatellites
Xgwm165, Xgwm601 and Xgwm610 were polymorphic.
Recombinant inbred lines (86) from the International
Triticeae Mapping Initiative (ITMI) population derived
from the cross ‘Opata85’ · W-7984 (Van Deynze et al.
1995) were assayed with these microsatellites. Their map
locations on chromosome 4A were established by com-
bining the results with the ITMI RFLP data set
(GrainGenes, http://wheat.pw.usda.gov/index.shtml).

Due to the low level of microsatellite polymorphism
between HsTm4A and ‘Hobbit Sib’, a sequence-specific
amplified polymorphism (SSAP) technique was used to

identify further markers. The technique was based on
the retrotransposon DNA fingerprinting protocol of
Kalender et al. (1999), using the domain-specific primer
Sukkula 9900 (5¢-GAT AGG GTC GCA TCT TGG
GCG TGA C-3¢) and a TaqI adaptor primer with a
selective three base extension. PCR conditions were as
those of Vos et al. (1995). SSAP and microsatellite
markers were used to genotype the HsTm4ADH lines
and define the location of the FHB resistance. Linkage
maps were generated using JoinMap, version 2.0 (Stam
and van Ooijen 1995). Microsatellites were obtained
from an international consortium led by Agrogene,
Moissy Cramayal, France, and Röder et al. (1998). PCR
conditions were as described by Bryan et al. (1997), and
PCR products were separated on 6% polyacrylamide
and visualized by silver staining (Promega).

Results

Spray inoculation

Disease progression across the trials was lower in 2002
than in 2001. In both years disease progress in the sus-
ceptible parent ‘Hobbit Sib’, as measured by AUDPC,
was more rapid than in the resistant parent HsTm4A
(Fig. 1a, b). In both 2001 and 2002, two-sample t-test
confirmed the parents to be significantly different from
each other (P<0.001), with HsTm4A being significantly

Fig. 1 Frequency distribution
of 43 spray-inoculated doubled
haploid (DH) lines for area
under the disease progress curve
(AUDPC) in 2001 (a) and 2002
(b). Groups were determined by
Dunnet’s one-way analysis of
variance as ‘Hobbit Sib’-like
(susceptible) or HsTm4A-like
(resistant). Value for parental
genotypes are indicated
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less diseased than ‘Hobbit Sib’. Analysis of variance
indicated that over both years genotypic variation was
significant for both AUDPC and REW. The effect of
years was highly significant, which can be attributed to
the lower level of disease in 2002, and there were small
but significant genotype · year interactions (Table 1). A
bimodal frequency distribution of AUDPC centred on
the parents was observed in both years (Fig. 1a, b).
Dunnett’s comparison, using the ‘Hobbit Sib’ parent as
the control was used to allocate lines into two groups,
those which were ‘Hobbit Sib’-like (susceptible) and
those which were HsTm4A-like (resistant). This proce-
dure allocated the same lines to the two groups in both
years. In both 2001 and 2002 a two-sample t-test con-
firmed that the two groupings were significantly different
(P<0.001), with the ‘Hobbit Sib’-like susceptible
grouping having the higher level of disease. The segre-
gation ratio of resistant to susceptible phenotypes did
not differ significantly from the 1:1 distribution expected
for a single gene, v2=0.395.

Although there was a small genotype · year interac-
tion the genotypic correlation coefficient of AUDPC for
paired means between years was r=0.854, 1 df,
P<0.001.

A bimodal distribution was also found for total REW
to the control in both years (Fig. 2a, b). Dunnett’s
comparison, using the ‘Hobbit Sib’ parent as the con-
trol, was used to allocate lines into two groups. The
procedure allocated the same lines to each grouping in
both years. The lines within each group were the same as
those seen with AUDPC, with all lines having the sig-
nificantly higher REW also having significantly more
resistance than ‘Hobbit Sib’. In both years a two-sample
t-test confirmed that the two groupings for REW were
significantly different (P<0.001). The results for REW
were strongly correlated between years (r=0.804, 1 df,
P<0.001). AUDPC and REW were strongly correlated
in both years r =�0.913 and r =�0.962, 1 df, P<0.001
for 2001 and 2002, respectively (Table 2). In 2002, the
yield components for spray-inoculated ears were further
dissected into RSpW to the non-inoculated control and
RGWSp to the non-inoculated control. Dunnett’s
analysis was carried out as described above for both
RSpW and RGWSp; all lines fell into the two groups
identified for AUDPC and REW (Fig. 2c, d, respec-
tively). Correlations between the three measurements of
yield (REW, RSpW, RGWSp) in 2002 were all highly
significant (Table 2).

The DON content in the grain was measured for a
subset of lines from two blocks of the spray-inoculated
trial (2002). The parental lines had DON contents of 84
mg kg�1 and 190 mg kg�1 for HsTm4A and ‘Hobbit
Sib’, respectively. A two-sample t-test conducted for
DON content with the HsTm4ADH lines in the two
groups as assigned by AUDPC showed the groups to
differ significantly (P<0.001). The average DON con-
tent of the grain was 103.1 mg kg�1 and 261.76 mg kg�1

for the resistant and susceptible groups, respectively.
The mean DON levels taken for each genotype over two
blocks were highly positively correlated with AUDPC,
and highly negatively correlated with RSpW, r=0.904
and �0.935, 1 df, P<0.001, respectively (Table 2).

Point inoculation

A two-sample t-test showed no significant difference
between the parental lines for the number of spikelets
infected at 7, 14 or 21 dpi (P>0.05). The frequency
distribution of visual disease symptoms of the DH lines
followed a normal distribution centred about the two
parental lines, indicating the absence of type II resis-
tance (Fig. 3).

Genotyping

Only three microsatellite markers (Xgwm165, Xgwm601
and Xgwm610) were polymorphic between ‘Hobbit Sib’
and HsTm4A. All the HsTm4A DH lines were geno-
typed using these microsatellites. The location and order
of the microsatellites were confirmed using the ITMI
‘Opata85’ · W-7984 RI population in conjunction with
the RFLP mapping data set (Fig. 4). Due to the paucity
of suitable microsatellite markers, SSAP markers were
also used to characterize the 46 HsTm4ADH lines to
produce a map of this population (Fig. 4.) Using mar-
ker/phenotype association, it was possible to determine
the location of the FHB resistance on chromosome 4A
of T. macha. Recombination between FHB resistance
and microsatellite markers Xgwm601 and Xgwm610 was
observed in the HsTm4ADH population with some
resistant lines carrying the ‘Hobbit Sib’ alleles for these
markers. However, all the HsTm4ADH lines carrying
the HsTm4A allele for Xgwm165 were in the ‘resistant’
grouping for AUDPC, REW, RSpW and RGWSp, and

Table 1 Analysis of variance
for area under the disease
progress curve (AUDPC) and
relative ear weight (REW) for
Fusarium culmorum spray-
inoculated ears in 2001 and
2002

Source df AUDPC REW

MS F-value P MS F-value P

Replications
(in years)

3 90,587 2.86 0.036 3755.4 21.43 <0.0001

Year 1 10,071,526 318.26 <0.0001 6550.8 37.39 <0.0001
Genotype 41 1,715,349 54.21 <0.0001 5334.1 30.45 <0.0001
Genotype · year 41 8,1195 2.57 <0.0001 542.2 3.09 <0.0001
Error 1,074 31,646 175.2
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all the susceptible lines carried the ‘Hobbit Sib’ allele for
this microsatellite. Thus, by comparison to the ITMI
map the FHB resistance on chromosome 4A of T. macha

was deduced to reside distal to microsatellite marker
Xgwm601, co-segregating with Xgwm165 in the
HsTm4ADH population.

Fig. 2 Frequency distribution
of 43 spray-inoculated DH lines
for total ear weight as a
percentage of non-inoculated
controls in 2001 (a) and 2002
(b). Groups were determined by
Dunnet’s one-way analysis of
variance as ‘Hobbit Sib’-like
(susceptible) or HsTm4A-like
(resistant). Values for parental
genotypes are indicated. c
Frequency distribution of 43
spray-inoculated DH inbred
lines for mean spikelet weight as
a percentage of non-inoculated
controls in 2002. Groups were
determined by Dunnet’s one-
way analysis of variance as
‘Hobbit Sib’-like (susceptible) or
HsTm4A-like (resistant).
Values for parental genotypes
are indicated. d Frequency
distribution of 43 spray-
inoculated DH inbred lines for
mean grain weight per spikelet
as a percentage of non-
inoculated controls in 2002.
Groups were determined by
Dunnet’s one-way analysis of
variance as ‘Hobbit Sib’-like
(susceptible) or HsTm4A-like
(resistant). Values for parental
genotypes are indicated
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Discussion

Resistance to FHB has been shown in numerous studies
to be under oligo-/polygenic control (Beurstmayr et al.
1997; Ban and Suenaga 2000), with genes on several
chromosomes contributing to the resistance through
both passive (Cook 1981; Mesterhazy et al. 1999) and
active resistance mechanisms (Schroeder and Christian-
sen 1963; Miller and Arnison 1986; Mesterhazy et al.
1999). Two previous studies have shown that the resis-
tance to FHB in T. macha is located on several chro-
mosomes, but that chromosome 4A confers much of this
resistance (Grausgruber et al. 1998; Mentewab et al.
2000). Generally, the incomplete nature of FHB resis-
tance, significant environmental influences and the
complex biology of the disease make it difficult to phe-
notype lines for resistance and hinders the subsequent
development of resistant cultivars. Different research
groups have identified various numbers of genes influ-
encing resistance in the same variety. For example, Van
Ginkel et al. (1996) concluded that the variety ‘Fron-
tana’ has two major genes controlling the overall resis-
tance, whereas Singh et al. (1995) identified ‘Frontana’
as having three major genes. Many published studies
have identified QTL for FHB resistance. The most
studied source ‘Sumai 3’ is a key example of the use of

mapping populations to identify QTL for disease resis-
tance. Various numbers of genes (QTL), with differing
chromosomal locations, and different contributions to
the total resistance have been proposed (Bai et al. 1999;
Ban and Suenaga 2000; Anderson et al. 2001; Ruck-
enbauer et al. 2001; Beurstmayer et al. 2002). The lines
used in the present work differ from those used in the
above studies in that they are essentially homozygous
for all chromosomes other than the target chromosome
4A. This eliminates any interaction of resistance genes
residing elsewhere in the genome. Stack et al. (2002) used
a similar approach with a substitution series of Triticum
dicoccoides in a partially resistant durum wheat cultivar
(‘Langdon’), and identified chromosome T. dicoccoides
3A as having a significant effect on FHB resistance. Otto
et al. (2002) subsequently identified a QTL for type II
resistance in a 29.3-cM centromeric region, using re-
combinant inbred chromosome lines generated from a
cross between the ‘Langdon’ (T. dicoccoides 3A) and
‘Langdon’. Unlike the partially resistant ‘Langdon’,
‘Hobbit Sib’ is extremely susceptible to FHB, and this
allowed a clear resolution between resistant and sus-
ceptible phenotypes among the DH recombinants used
in the present study. After spray inoculation, the lines
separated in a bimodal fashion into resistant and sus-
ceptible groups for AUDPC and REW, and this is likely
to be due to the presence of a single gene or closely
linked genes inherited from T. macha located on the
short arm of chromosome 4A.

Following point inoculation, no significant difference
in the rate of spread of the fungus was observed between
the parental genotypes, and the HsTm4A DH lines gave
a normal distribution for visual disease centred about
the parents. A similar point inoculation experiment was
performed in 2004 (results not shown), and again there
was no significant difference between the resistant and
susceptible groups as assigned by the spray inoculation
AUDPC. Thus, the resistance conferred by T. macha 4A
does not act predominantly through resistance to spread
of the fungus within the ear (type II resistance). The
resistance evident with the spray-inoculated trials is
therefore resistance to initial infection, known as type I.
Paillard et al. (2004) described a QTL for combined type
I and type II field resistance to FHB on the long arm of

Table 2 Correlation coefficients between phenotypic traits from
spray inoculation experiments in 2001 and 2002

Trait AUDPCa

2001
AUDPC
2002

REWb

2002
RSpWa

2002

AUDPC 2002 0.854
REW 2001 �0.913
REW 2002 – �0.962
RSpW 2002 – �0.970 0.820
RGWSpb 2002 – �0.926 0.941 0.955
DONc 2002 – 0.904 – �0.935
aRSpW Average spikelet weight of inoculated ears at harvest rel-
ative to non-inoculated controls
bRGWSp Average grain weight per spikelet of inoculated ears at
harvest relative to non-inoculated controls
cDON Deoxynivalenol content from a randomly selected subset of
22 lines from two blocks

Fig. 3 Frequency distribution
of 43 point-inoculated DH lines
for number of spikelets infected
3 weeks post-inoculation in
2002. Values for parental
genotypes are indicated
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chromosome 4A, derived from the Swiss winter wheat
variety ‘Arina’. The resistance described in this paper
derived from T. macha is putatively the first report of an
FHB type I resistance locus located on the short arm of
wheat chromosome 4A. We propose this locus be named
QFhs.jic-4AS.

The mechanism underlying type I resistance is still
unclear. Schroeder and Christensen, who first described
the resistance in 1963, assumed it to be physiological, as
they found no evidence of it being anatomical or histo-
logical in nature. Some authors have questioned whether
it is a true resistance being perhaps associated with
disease avoidance, (Parry et al. 1995). In the present
study, many of the elements associated with disease es-
cape, such as plant height (Jenkinson and Parry 1994)

and flowering time, were removed by inoculating the ear
directly at anthesis. All lines were inoculated with a high
concentration of inoculum at mid-anthesis, the most
susceptible developmental period for FHB infection
(Strange and Smith 1971; Parry et al. 1995). The open
florets allow the pathogen to enter and contact the ovary
and the inner surfaces of the palea, glume and lemma,
the site at which the host is first infected (Kang and
Buchenauer 2000). High humidity and temperature,
important for disease development, were also main-
tained. Most resistances reported for FHB to date are
primarily of type II (Ban and Suenaga 2000; Anderson
et al. 2001; Buerstmayr et al. 2002), and research has
generally concentrated on this type of resistance as it has
been considered both simple to target and more robust

Fig. 4 Genetic maps of
chromosome 4A from the
‘Hobbit Sib’ · HsTm4A
DH population constructed
using microsatellite and
sequence-specific amplified
polymorphism markers and
Triticum aestivum chromosome
4A constructed using
microsatellite genetic markers
mapped from the International
Triticeae Mapping Initiative
(ITMI) ‘Opata85’ · W-7984 RI
population in conjunction with
the ITMI RFLP data set.
Microsatellite markers shown in
italics were used to genotype the
‘Hobbit Sib’(T. macha 4A) DH
lines

527



than type I (Buerstmayr et al. 2003). The present study
has demonstrated that type I resistance present on T.
macha 4A can provide considerable protection under
intense disease pressure from the initial infection by the
fungus. The resistance can also be considered to be rel-
atively stable, as it has been expressed in glasshouse,
polytunnel and field environments (Grausgruber et al.
1998; Mentewab et al. 2000).

Preventing the accumulation of mycotoxins in grain is
one of the most important food safety issues concerning
agriculture today. The T. macha 4A resistance resulted in
a significant reduction in the accumulation of DON in
grain. The potential importance of the type I resistance
conferred by the QFhs.jic-4AS locus to the breeding of
FHB resistant wheat is clearly demonstrated by the
reduction in both disease levels and DON accumulation.
It has been shown by Bai et al. (2000) that there is gen-
erally an additive effect in terms of resistance when
resistances are brought together from diverse sources.
Combining different resistance mechanisms to FHB such
as those for type II, found on chromosome 3B of ‘Sumai
3’ and 3A of T. dicoccoides (Anderson et al. 2001; Stack
et al. 2002), with the stable type I resistance of T. macha
4A, could therefore provide an effective method for
combating initial infection as well as spread of the fungus
within the spike. It should also provide a means of
addressing the important issue of reducing the potential
for contamination of grain with mycotoxins. We are
presently carrying out further backcrosses using the T.
macha 4A recombinant DH lines into the ‘Hobbit Sib’
background to refine the map position of QFhs.jic-4AS.
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