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Preface 

At the VI International Barley Genetics Symposium, held in Lund, Sweden, in 1991, 

it was agreed that the next symposium would be held in Canada, at Saskatoon, during 

1996. At the IV International Oat Conference, held at Adelaide, Australia, in 1992, 

Saskatoon was also chosen as the venue for the V International Oat Conference to be 

held during 1996. With the agreement of the respective international committees, a 

decision was made to hold the two conferences together from July 29 through August 

6, 1996, 

The joint conference was organized as a fully integrated meeting, with. no 

concurrent sessions. All oral and poster presentations were scheduled at facilities at 

the University of Saskatchewan campus in Saskatoon. Keynote and other invited 

speakers were asked to address various topics of relevance to both crops. Considerable 

time was set aside for poster presentations, workshops and social activities to allow 

for maximum one-on-one attendee interaction. 

To avoid significant mailing costs, the Local Organizing Committee decided that 

the joint conference proceedings would be made available to the participants at the 

time of registration. These joint proceedings are in three volumes. The first volume 

includes 4 7 papers submitted by invited speakers. The other two volumes include 

279 short papers submitted by those presenting posters. At the time of printing these 

proceedings, more than 425 persons were registered to attend the conference. 

The Local Organizing Committee consisted primarily of staff members from the 

Crop Development Centre and the Department of Crop Science and Plant Ecology 

from the University of Saskatchewan, as well as colleagues from other groups from 

the university community. Significant financial sponsorship for the operation of the 

conference came from 51 different organizations; 39 from Canada, 7 from the United 

States and 5 from outside North America. 

Support specifically for the development and production of the joint proceedings 

came from the Quaker Oats Company of Canada Limited and the Brewing and Malting 

Barley Research Institute. This assistance enabled the Local Organizing Committee 

to provide each conference registrant with copies of the proceedings as part of their 

registration package. 

- Xl -

- G. J. Scoles & B. G. Rossnagel 

Program Committee 

& Proceedings Editors 
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Non Starch Polysaccharides in Malting and Brewing : Arabinoxylans. 

JeeYup Han, Department of Crop Science and Plant Ecology, University of 
Saskatchewan, Saskatoon, Saskatchewan, S7N 5A8, Canada and P. B. Schwarz, 

Department of Cereal Science,. North Dakota State University, Fargo, ND 58105 

Introduction. Arabinoxylans (AX) compose 4-8 % of the kernel and are major 
constituents of barley aleurone and endosperm cell walls. AX contain a backbone 
structure of D-xylopyranose residues linked by 8-(1�)-glycosidic bonds with units such 
as L-arabinofuranose attached as branches by 8-(1-2)- or 8-(1-3)-linkages. They are 
partially water soluble, high molecular weight polymers which contribute to viscosity. 
Both AX and 8-glucan content are significantly related to beer viscosity; AX may 
produce undesirable effects normally attributed to the 8-glucans in brewing process. 

Two malting barley cultivars were studied to determine the composition of total 
and insoluble non starch polysaccharide (NSP) fractions and to observe changes occurring 
during commercial malting and pilot-brewing. This involved determining the AX levels 
of selected commercial six-rowed malting barley samples, identifying the profile of 
glycosyl-Iinkage from the AX of barley, malt and pilot-brewed beer, and, finally 
determining, quantitatively, the methylated NSP derivatives in the samples. 

Materials and Methods. Two barley and two commercially malted samples of the 
cultivars Robust and Excel were used in this study. Barley was from the 1992 crop year. 
These cultivars had been part of a blend which was believed to cause sterilized filtration 
problems during commercial brewing. Barley husk was separated from the grain by air
abrasion. Dehusked samples were ground on a Udy cyclone mill. A modification of 
solvent washing method of Vietor et al (4) was used for removal of remaining husk 
particles. Washed samples were air dried. 
Pilot Brewing: The malt samples were ground, mashed, lautered, and boiled in tandem 
at the North Dakota State University pilot brewery. Beer was filtered through a 
micromembrane filter, and analyzed for alcohol content and real extract according to the 
ASBC methods (1). Beer samples were also degassed, distilled, and freeze-dried. 
6-Glucan determination: 8-Glucan content of barley, malt, and freeze-dried beer was
determined using a Megazyme 8-glucan assay kit (Warriewood, Australia).
Fractionation of NSP: The glycosyl composition and AX content of barley, malt, and
beer were determined using a modification of the method of Carpita and Shea (2). The
barley and malt flours were treated with a-amylase, pullulanase, and protease followed
by precipitation of Total-NSP fractions with ethanol. For insoluble NSP (IS-NSP)
fraction, phosphate buffer extraction replaced ethanol precipitation.
Glycosyl Composition and Linkage Analysis: The acetylated alditol derivatives of
Total-NSP and IS-NSP samples were prepared using the method of Han and Schwarz (3)
and analyzed on a GC. Normalized % of arabinose and xylose were obtained.
Arabinoxylan content was calculated as follows: Total Arabinoxylan = (% arabinose +
% xylose) x 0.88. Glycosyl-linkages were determined using the per-0-methylated
method of Carpita and Shea (2). The partially-0-methylated, partially-0-acetylated
alditols (PMAA) derivatives was analyzed using GC-MS for identification and analyzed
on the GC with a flame ionization detector for quantification. The quantity of each
methylated sugar derivatives was expressed as the mole percentage (mo! % ).
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Inheritance of oil content and composition in oat (Avena sativa). C.I. 
Anderson, P.O. Brown and G.A. Penner, Cereal Research Centre, Agriculture 
and Agri-Food Canada, 195 Dafoe Road, Winnipeg, Manitoba, R3T 2M9, 
Canada. 

Introduction 
The genetic control of oil content and composition has been elucidated for 

a variety of crops. Several previous studies have shown that total oil content is a 
highly heritable trait that is polygenetically inherited and whose gene action is 
largely additive (Kalbasi-Ashtari and Hammond, 1977; Thro and Frey, 1985). 
This makes oil content a good candidate for improvement by breeders. 

The inheritance of total oil content is a function of the genetic control over 
the accumulation of constituent fatty acids. The fatty acid profile of the oat oil 
may be as important as the total oil content to end users because the 
composition of the oil is important in determining its stability and nutritive value. 
The objective of this study was to attempt to correlate differences in oil content 
between the oat cultivars A.C. Marie and Cascade to differences in the relative 
amounts of specific fatty acids. 

An increase in understanding of the basis of variation for oil content is a 
necessary step towards the identification of molecular markers for the genes 
involved. 

Materials and Method 
An F 

8 
population consisting of 223 bulked lines from a cross between the 

high oil cultivar A.C. Marie and the low oil cultivar Cascade was grown in three 
reps at each of three sites in Manitoba in 1995. 

To determine the total oil content of these lines, approximately 20 g of 
whole oats were ground to a coarse flour texture. A 4 g sample was placed in a 
Labconoco lipid extractor where it was processed for 7 hours using petroleum 
ether (35 to 60°C bp) as a solvent. The solvent was evaporated off and the 
resulting oil weighed to determine total oil content. 

The fatty acid composition was determined by converting a 50 µI sample 
to fatty acid methyl esters using 2 ml of a 2 percent concentrated sulfuric acid in 
methanol (v:v) solution as a catalyst. This was allowed to react at room 
temperature for several hours. The resulting methyl esters were analysed in a 
Hewlett Packard 5890 gas chromatograph using a Supelco Wax 10 column (15 
m x 0.32 mm). The resulting peaks were identified by comparison to known 
standards and the relative amounts of individual fatty acids were determined by 
comparing peak areas. 
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50%, ll. 50%�SC<55%, .III. SC�55%. 

Results and Discussion. Among the Qingke landraces from Sichuan exam-

ined, significant differencies in mean values for PC, LC and SC were observed. 

The mean of PC was 15. 71% with a range of 11. 15%,...,_,18. 62% ,while the coef

ficient of variation(CV) was 9. 54% (Table 1). Table 1 showed that nearly half of 

62 accessions belonged to the type .III and type N. Two cultivars, 'Abazhuonaxi 

( ZDM8716)' and 'Lixianjiashanliunen (ZDM8799)' showed the highest protein 

content, over 18 % . Therefore, the use of either of the two cul ti vars as a parent in 

crosses is recommended, thus one might obtain segregates for higher grain pro

tein content. 

Table 1 The variation for PC,LC and SC of 62 Sichuan Oingke barley landraces 

PC LC SC 
Type 

Percentage j No. Percentage No. Percentage No. 

1 4 6. 45 12 19-35 1 1. 61

2 29 46.77 46 74. 19 51 82-26

3 27 43.55 4 6-46 10 16- 13

4 2 3.23 

Mean 15. 71 % o. 43% 53. 16%
Range 11. 15%-18. 62% o. 29%-0-52% 49. 49%-56. 45%

CV(%) 9.54 11. 61 3-93

The range of variation for LC was slightly wider than that of PC. The average of 

LC was o. 43% with a range of o. 29%,...,_, o. 52%, while the CV was 11. 61% 

(Table 1). The accessions with LC exceeding o. 5 % were 'Abazhuonaxi', 'Hes

huizegailiunenbei ( ZDM 8788 ) ', ' Lixianjiashanliunen' and 'Maerkangzhu

muzhuqingke(ZDM 8813)'. As mentioned above,the cultivars 'Abazhuonaxi' and 

'Lixianjiashanliunen' had also the highest protein content, so they should be ex

cellent germplasms for high quality Qingke breeding. 

The variation of SC was not as wide as that of both PC and LC. The average of 

SC was 53. 16% with a range of 49. 49%,...,_,56. 45% ,while the CV was 3. 92%. 

Almost all of the accessions falled into the type n and type .III (Table 1).

The results of simple correlation analysis showed that very significant positive 

correlations were present between PC and LC (r=0. 9190) ,while SC was signif-
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markers were mapped in both populations segregating for Pgl3 resistance. In total, 
twelve markers are now available for this locus, including the 56.6 KDa protein 
marker. All RFLP and RAPD markers for Pg 13 were identified using NILs except for 
Xacor254C, which was identified by BSA. The markers exhibited from Oto 22.7% 
recombination with the Pgl3 locus. Again, most markers identified in this study 
cosegregated with, or mapped to one side of the Pgl3 locus. However, the 56.6 KDa 
protein marker and the RFLP marker identified with the globulin cDNA clone MOG12 
mapped to the other side of the locus in the OT328 x Dumont population, thereby 
providing flanking markers for the Pgl3 locus. Two percent recombination was 
detected between the 56.6K.Da protein and the Xmog12B RFLP loci. It appears that 
these markers are derived from two different loci, although they may represent separate 
members of a globulin gene family. This constitutes another example of the association 
of loci for seed storage proteins and rust resistance. The utilization of mapped probes 
in our initial surveys of NILs allowed comparative mapping with the existing cultivated 
oat map. Thus, the Pg9 locus can be mapped to group 4 and Pgl3 to group 3 of the 
Kanota x Ogle map. 

The availability of a molecular linkage map of cultivated oat has allowed the 
rapid identification and localization of several markers for two stem rust resistance 
genes. The information gained in this study and in other ongoing studies about the 
organization of rust resistance genes within the oat genome will prove useful for the 
long term goal of combining several resistance genes into well-adapted common 
cultivars. Furthermore, information on the organization of rust resistance genes may 
in time provide insight into how resistant genes have been evolving in Avena. 

Acknowledgments. The Quaker Oats Company for generous financial support. 
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Monosomics and RFLP linkage group associations in oat. S.L. FOX', E.N. JELLEN2, 
S.F. KIANIAN3

, R.L. PHILLIPS3 and H.W. RINES3
.
4
. 

1Agriculture and Agri-Food 
Canada, Semiarid Prairie Agricultural Research Centre, P.O. 1030, Swift Current, 
Saskatchewan, S9H 3X2, anada. 2Dept. of Plant Pathology, 4024 Throckmorton Hall, 
Kan as State University, ManJ1attan, Kansas 66506 USA. 3 Dept. of Agronomy and Plant 
Genetics, University of Minnesota and 4USDA-ARS, St. Paul, Minnesota 55108, USA. 

Introduction. Ba ed on a mapping population of 71 F6:7 recombinant inbred line from 
the cross 'Kanota'/'Ogle', an oat molecular map has recently been complet d consi ·ting of 
561 marker mapped to 38 linkage groups (O'Donoughue et al., 1995). However, 21 
linkage groups are expected for allobexaploid Avena saliva L. (2n=6x=42). 

By using chromosome C-banding (Jellen et al., 1993 and unpublished), an at 
monosomic series has been assembled (Table 1) consisting of monosomic I ines obtained 
from the cul ti vars 'Kanota' (Morikawa, 1985), 'Sun II' (Riley and Kimber, 196 l; Hacker 
and Riley, 1963; Leggett and Markhand, 1995) and from progeny of 'Sun II' oat 
polyhaploids dev loped from oat/maize crosses (Rines and Dahleen, 1990). Oat does not 
tolerate nullisomy well; fertile nullisomic lines have been isolated for only two 
chromosome (7 and 18). Analysis of RFLP autoradiograms can be used to make 
a ·soc.iations between linkage groups and chromosomes by detecting the complete loss of 
bands in DNA from nullisomic Lines or reduced signal strength in band representing 
hemizygous loci in DNA from monosomic lines. The detection of reduced signal 
strength can be impeded by autoradiogram quality. 

An F I monosomic series has been developed to associate oat molecular linkage 
groups with specific oat chromosomes. This series involved all of the monosomic lines 
indicated above and was used to detect the loss of maternal alleles. 

Materials and Methods. Members of the various monosomic series were crossed to 
Ogle. The Sun U-derived materials were crossed to Kanota as well as Ogle. Mono omic 
F, plant were selected u ing chromosome counts of root tip cells at mitotic metaphase 
and were grown for seed and tissue for DNA extraction. F2 progeny from monosomic F, 
plants also were grown for tissue. Tissues from eight F2 plants were combined on an 
equal dry weight basis prior to DNA extraction to represent immortal F,s. Genomic DNA 
wa extracted from lyophilized tissues using a modified method from Kim et al. ( 1990). 

Restriction enzymes EcoRI, Hindlll, and DraI were used to digest genomic oat 
DNA. Digested DNA was electrophoresed in I% agarose. For Southern blotting, gels 
were treated with 0.25 N HCl for l 0 minutes, fol1owed by 30 minutes denaturing solution 
(0.5 M NaOH, 1.5 M NaCl), 30 minutes neutralizing solution (1 M tris pH 8.0, 1.5 M 
NaCl) and then transferred to Imobilon nylon membranes using 5X SS 

From the oat molecular map, polymorphic probes were selected that represented 
different linkage groups and for which the maternal form of the polymorphi m was 
visible. Thirty nanograms probe DNA/240 cm2 blot was oligolabeled with 32dCTP and
allowed to hybridize to blots for 12-24 hours. Blots were washed for 30 minutes in a 
solution of 2X SSC and I% SDS at room temperature and again at 650 . These washes 
were then repeated using a solution of 0.lX SSC and l % SDS. X-ray film was exposed 
at -70°C using intensifying screens. 
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Linkage analysis and distribution of RAPD markers in barley. E. NOLI, M.C 
SANGUINETI, R. TUBEROSA, S. SALVI, and E. SCHILIRO', Department of Agronomy, 
University of Bologna, Via Filippo Re 6, 40126 Bologna, Italy. 

Introduction. The availability of linkage maps from different mapping populations of the 
same species is useful to analyse the localization and effects of agronomically important 
QTLs in different genetic backgrounds. In barley, several linkage maps have been published 
based on RFLP markers (reviewed in Kleinhofs and Kilian, 1994). When homozygous lines 
are used for mapping purposes, as is the case in barley, RAPDs could represent an interesting 
alternative and/or integration to RFLPs. Until now, the use of RAPDs for mapping purposes 
in barley has been marginal. Twenty-three RAPD markers were mapped in a barley cross and 
were found to be distributed throughout the genome (Giese et al., 1994). However, 
coincidence of four RAPD bands together with a higher than expected frequency of tightly 
linked RAPD markers was observed. Tinker et al. (1993) have also reported a higher than 
expected frequency of clustered RAPDs in barley. Our objective has been to verify the 
possibility of constructing a barley linkage map prevalently based on RAPD markers and 
investigate their distribution on the map. 

Materials and methods .. Seventy-six doubled-haploid (DH) lines were obtained from 
anthers of F1 plants of the cross 'Arda x Opale' (Noli et al., 1994). For each line, ten plants 
were grown in the greenhouse in disease-free conditions. DNA was isolated from freeze-dried 
leaf tissue of 8 plants/line. RAPD analysis was performed according to the protocol of 
Williams et al. (1990) with some modifications. Reaction volumes of 18 µL contained 50 mM

KCI, 10 mM Tris-HCI (pH 9.0 at 25 °C), 0.1 % Triton X-100, 2 mM MgCh, 15 ng DNA, 400 
nM primer (Operon, USA), 200 µM of each dNTP, 1.2 units of Taq DNA polymerase 
(Promega). Amplification was programmed for 40 cycles of 1 min at 94 °C, 1 min at 36 °C, 2 
min at 72 °C, with an initial melt at 94 °C for 1 min, and a final extension at 72 °C for 8 min. 
DNA for RFLP analysis was digested with BamHI, HindIII, and EcoRI. The procedures 
utilized to reveal polymorphisms were those described in Sharp et al. (1988). STS analysis 
was conducted according to the protocol of Tragoorung et al. (1992). Aliquots of amplified 
products were digested with Alu!, Haem, Hhal, Hinjl, Mspl, and Taql and separated on 3% 
agarose. Each chromosome was represented by one or more of the RFLP probes and STS 
markers. The linkage map was obtained analysing the polymorphisms of 60 RAPDs, 7 STSs, 
and 25 RFLPs. Linkage analysis was performed with the program JoinMap vers.1.4 (Stam, 
1993) using the Kosambi function. 

Results and discussion. Based on the amplification pattern and its reproducibility in separate 
experiments, we considered 60 RAPD bands originated from 35 primers which evidenced 
polymorphisms between Arda and Opale. In total, 12 linkage groups were identified using a 
LOD score of 2.0. Considering the information available for the RFLP and STS markers, 11 
linkage groups were assigned to the seven barley chromosomes. For one linkage group 
identified by one RAPD and one STS marker and representing 5 cM, it was not possible to 
determine the chromosomal localization. Further work is in progress to add more RAPD and 
RFLP markers to the existing map. 

The linkage map (Fig. 1) covers 528 cM which represent 35-40% of the genetic length 
of the barley genome estimated in previous maps (Kleinhofs and Kilian,1994). In our case, 
the average distance among sets of linked RFLP markers was 30% less than that reported in 
the published maps. Segregation analysis of the DH lines for each of the 92 markers herein 
considered showed that 7 RAPD, 4 RFLP, and 1 STS markers did not fit the expected 1:1 
segregation ratio (Fig. 1 ). In our case, the skewed ratios should not be related to partial 
inconsistency of allelic expression of RAPD loci, but instead to uni parental inheritance due to 
linked genetic factors controlling anther culturability in barley. This is supported by the fact 
that skewness in favour of the same type of parental allele characterized clusters of linked 
RAPD loci and, more importantly, also linked RFLP loci (Fig. 1). In most cases (8/12) the 
favoured parental alleles were those of Arda. In barley, distorted segregation of molecular 
marker clusters has been reported also for other DH mapping populations (Heun et al., 1991; 
Graner et al., 1991; Giese et al., 1994). 
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( data not shown) at W A-95. At QTL 1, the S allele was significantly superior to the M allele. 
On the contrary, the M allele was superior for the other three loci. These results fully confirm 
the role of these QTLs in determining grain yield. Results at OR-95 were not that clear, the 
QTLs explained 43 % of the genotypic differences. Only two QTLs produced significant 
differences. Surprisedly, that was not so for QTLl (Table 1), which corresponded to the only 
genetic effect that was found for average grain yield across environments in the original 
mapping population. However, although not significant, DHLs carrying the S allele had a 
higher yield mean than those carrying the M allele. A significant crossover QTL x E 
interaction was found for QTL4 only. The M allele was superior at WA-95, whereas lines 
with the S allele significantly outyielded the others at OR-95. 

Table 1. Average grain yield of DHLs carrying the Steptoe (S) or Morex (M) allele at each 
of four QTL. Yields for each QTL at each site followed by different letters are different at 
p� 0.05, according to the analyses of variance. 

GRAIN YIELD (g/m2) 

SITE ALLELE 
QTLl:j: QTL2 QTLJ QTL4 

Chromosome 3 Chromosome 2 Chromosome 6 Chromosome 7 

ABG399- ABC156A- CDO497- ABC324-

BCD828 ABG358 BCD340E ABC302 

WA-95 M 439 b 514 a 490 a 520 a 
s 528 a 452 b 477 b 447 b 

OR-95 M 586 a 648 a 605 a 542 b 
s 596 a 535 b 578 a 641 a 

t Each QTL is followed by the chromosome on which it was located and its flanking markers. 

The analysis of grain yields in the original mapping population at 16 sites suggested 
that most superior lines could be identified within certain genotypes. The simplest strategy 
would be to genotype the flanking markers of the four identified QTL regions, then to select 
genotypes with the SSMMA1A1A1M, SSMMSSMM or SSSSSSSS constitution (Romagosa et 
al. 1996). To determine if the probability of recovering superior genotypes was higher for 
these genetic constitutions, a relative comparison of grain yield of lines with these genotypes, 
versus the others in the trial was undertaken. Such comparison is shown in Figure 1, which 
shows independent box plots (Tukey, 1977) for each genetic combination independently for 
the two trials. DHLs with the SS MM MM MM genotype were clearly superior at W A-95, 
where most lines with this genotype were the top entries in the trial (bottom of Figure 1 ). 
The superiority of this genotype was not so clear at OR-95, as expected from Table 1. 
However, at this site the top yielding line did belong to this genotype and lines with this 
genotype also showed the largest grain yield mean and median (top of Figure 1). 

Overall, a preliminary verification of these four QTLs was successfully carried out. 
At present, a more thorough assessment of adaptation of this second set of SIM DHLs, using 
a wider range of environments is underway. A final validation of the use of these yield QTLs 
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Comparison of heading date QTLs on chromosome 7 across 4 barley crosses. W.T.B. 
THOMAS, W. POWELL, R. WAUGH, E. BAIRD, A. BOOTH, P. LAWRENCE, B. 
HARROWER and N. BONAR, Scottish Crop Research Institute, Invergowrie, Dundee 

DD2 5 DA, UK and P.M. HAYES, Dept of Crop & Soil Science, Oregon State University, 
Corvallis, OR 97331, USA. 

Introduction. With the advent of molecular markers, loci controlling a number of 
economically important traits have been located in several different barley crosses 
Steptoe x Morex (Hayes et al. 1993 b ), Igri x Triwnph (Laurie et al. 1994) Dick too x 
Morex (Pan el al. 1994), Igri x Danilo (Backes et al. ( l  995), Blenheim x E224/3 (Thomas 

et al. 1995), Tystofte Prentice x Vogelsanger Gold (Kjaer el al. 1995) and Harrington x 
TR306 (Tinker et al. 1996). Heading date (HD) has been the most widely reported trait to 
date and is a suitable trait to compare across different studies as it has generally been 

measured on the same scale. HD is also an important character in barley as it is a major 
factor influencing adaptation to environment. 

Whilst QTLs for HD have been reported by all the above studies, comparison of 
chromosomal locations across all the crosses is difficult due to the absence of common 
segregating markers. Most of the markers used to construct the above maps were RFLPs 
which whilst they make comparison relatively easy are time consuming and generally 
less informative than PCR based methods. Waugh et al (1996) have outlined the 
advantages of AFLPs in rapidly constructing genetic maps and demonstrated their 
transferability across different crosses. In this report, we demonstrate that this 
transferability can be used to facilitate QTL comparisons, using HD as an example. 

Materials and Methods. AFLP markers were scored on the Blenheim x E224/3, Dicktoo 
x Morex and lgri x Franka DH populations (Waugh et al. 1996) and were added to 
existing information (Thomas et al. 1995; Pan et al. 1994· Graner el al. 1994) to construct 
maps using Joinmap 2.0 (Stam & van Ooijen 1995). Map data for Steptoe x Morex were 
obtained from graingenes (http://wheat.pw.usda.gov) for Harrington x TR306 from Tinker 
et al. (1996), for lgri x Triumph from Laurie el al. (1994). HD loci were obtained from 
Laurie et al. (1994) Hayes et al. (1993), Tinker et al. (1996), Backes et al (1995) and 
Kjaer et al. (1995). New data obtained from all 69 DH's grown together with parents and 
a control in a glasshouse experiment in the spring of 1993 was used for Blenheim x 

E224/3 in this study. The data was. Two treatments were applied to the experiment. The 
germinated seeds were vernalised at 4°C for 5 weeks in one but not in the other. There 

were 4 replicates grown in a row and column design. HD was measured in the standard 
manner and the means of each treatment were scanned for QTLs using MQTL (Tinker and 
Mather, 1995) with 1000 permutations to determine thresholds for a genome wide 5% 
error rate. Both simple interval mapping (SIM) and simplified composite interval mapping 
(s lM) (Tinker and Mather 1995) were carried out. In addition MQTL was used to 
reanalyse the :field HD data from the Dicktoo x Morex DH's of Pan et al. (1994) using the 
additional AFLP markers reported by Waugh et al. (1996). 

Results and Discussion. MQTL analysis of the data revealed 3 primary QTLs, one on 
chromosome 2 in the region of PSR687, one on chromosome 3 in the region of denso and 
one on chromosome 7 in the region ofOPA-19. In addition, 3 secondary QTLs were 

revealed by the sCIM analysis. One was at the end of the long arm of chromosome 1, 1 on 
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Figure I. Chromosome 7 maps of6 barley crosses. Dashed lines indicate the positions of markers segregating in more than I cross. Black bars show the 
position of HD QTLs with + and - indicating the effect of alleles from the first named parent 
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