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Abstract 

A map-based cloning approach is being used to isolate a gene controlling malt quality located on the distal 
end of the long arm of barley chromosome 5H. The gene resides at a QTL region controlling multiple malt 
quality parameters, including: malt extract, alpha-amylase, dormancy, soluble protein and diastatic power.  
The cloning of a malt quality gene will help elucidate the molecular function of the 5HL locus and will 
expedite transformation breeding and marker assisted selection of superior malt quality in elite barley 
varieties. 
 
The QTL on 5HL influences total malt extract levels (and other parameters) by 0.7% (p < 0.05) (unpublished 
data). Although small, the improvement in malt extract reported here may have substantial economic 
ramifications for the barley industry.   Closer markers are being obtained from published molecular marker 
maps and by using gene co-linearity with the related region in the sequenced rice genome. Large F2 
populations are being currently developed to enable high-resolution genetic mapping.   
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Introduction 

 
The distal end of chromosome arm 5HL contains QTL controlling the malt quality traits malt extract, alpha-
amylase, soluble protein, diastatic power and dormancy (1,2,3,4).  The QTL influence the traits by around 
0.7%, which is significant (p < 0.05) and represents a valuable gain for the industry.  However, this marginal 
increase is substantially influenced by the environment. Double haploid (DH) Chebec/Harrington and AC-
Metcalfe/Baudin populations with extensive malt quality data sets obtained from a number of seasons have 
been used initially for mapping. The Chebec/Harrington (120 lines) and AC-Metcalfe/Baudin (178 lines) 
segregate for the 5HL locus, with the favourable allele being derived from cv. Harrington. 
 
Fine mapping of the QTL will allow more effective markers for selection of this difficult to assay trait. Fine 
mapping is also a first step in the positional cloning of the gene, which will allow the molecular basis of the 
trait to be explored. 
 
Mapping of markers closer to the gene allows refinement of the corresponding related intervals in the rice 
genome sequence, which will ultimately provide a source of candidate genes and/or markers for beginning 
construction of a BAC contig across the barley interval. Initial clarification of the co-linearity with rice has 
been obtained by BLAST searching the rice genome with sequences of RFLP clones mapped in barley and 
with sequences of cDNAs mapped by the NSF wheat deletion-mapping project.  The distal region of 
Triticeae 5L chromosome arms is related to two separate regions on rice chromosome arm 3L , at positions 
157cM -167cM and 130cM – 144cM.  PCR primers were designed to amplify segments of genes from barley 
which have homologues on Triticeae 5L and rice 3L. Gene fragments have been amplified from the parents 
of the Chebec/Harrington and AC-Metcalfe/Baudin DH populations and direct-sequenced to identify 
polymorphisms with potential for CAPS marker generation.   
 



The objective is to identify the gene underlying the 5HL QTL, which would be used to investigate the 
molecular basis of quality control at this locus.  This paper describes progress to date. 
 
 

Methods 

Plant material 
 
Leaf material from the Chebec/Harrington and AC-Metcalfe DH populations was collected from seedlings 
that were 3-4 weeks old and used for DNA isolation using a previously described phenol/chloroform 
extraction protocol (5).  Crosses between selected Chebec/Harrington DH lines, and backcrosses between 
DHs and the Chebec parent, were made with a view to producing large F2 populations.  Florets were 
emasculated and pollinated 4-5 days later.  The F1 seeds were harvested and sown. 
 
Design of primers and sequence analysis 
 
Rice genomic sequence of genes with rice-Triticeae colinearity was used to BLASTn search the barley EST 
database and the output used to design primers.  Gene segments that were approximately 1.5 kb in rice and 
comprising mostly intron were selected and primers designed for the amplification of the corresponding gene 
fragment from barley, basing primers on the EST (exon) sequence of the corresponding barley orthologue. 
PCR was performed from DNA of the mapping parents Chebec, Harrington, AC-Metcalfe and Baudin, in 50 
µl volumes.  Products were purified using the QIAquick Gel Extraction Kit (QIAGEN) and sequenced in 
forward and reverse directions using Big Dye chemistry version 3.1 (Applied Biosystems).  Products of 
completed sequencing reactions were precipitated and sent to AGRF Brisbane for capillary separation on an 
ABI 3730 sequencer (AGRF). Sequences from the mapping parents were aligned using Vector NTI Suite 8 
Contig Express program to identify polymorphisms. 
  
Restriction enzyme digests 
 
Polymorphic regions were analysed with the NEBcutter V2.0 program 
(http://tools.neb.com/NEBcutter2/index.php) to identify restriction endonuclease sites covering the 
polymorphic bases.  PCR product amplified from segregants from the mapping population (10 µl per line) 
was digested in 1x NEB buffer with 10 Units/µl of restriction enzyme (Table 1), for 3 hours in a 37oC 
incubator.  Fragments were separated by electrophoresis (3% agarose, 1x TAE buffer, 45 minutes, 80 Volts). 
 
 
 
Results 

Analysis of populations 
 
Figure 1 illustrates the distribution of malt extract levels in Chebec x Harrington DH segregants of 
contrasting 5H locus genotypes. Lines carrying the Harrington allele have, on average, 0.7% more malt 
extract than those carrying the Chebec allele. 
 
The Chebec x Harrington DH population also segregates for a chromosome 1H QTL influencing malt 
extract. Malt extract levels of DH lines with contrasting 5H and 1H QTL genotypes are shown in Figure 2.  
The Chebec allele increases malt extract levels by an average of 2%. The two QTL influence malt extract 
levels independently, i.e. the effects of the two superior alleles are additive. 
 
 
 
 
 
 
 
 
 



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 1.  Malt extract distributions of Chebec/Harrington DH lines carrying contrasting 5H QTL 
alleles. 

 
 
In order to create large segregating F2 populations suitable for higher-resolution mapping of the 5H locus, 
crosses were made between Chebec x Harrington DH lines, and between Chebec x Harrington DH lines and 
Chebec. Parents were chosen such that the resulting F2 populations would be segregating for the 5H malt 
extract QTL but fixed (homozygous) for the 1H malt extract QTL. The F1 seeds are currently being sown.  
 
 
 

 
Figure 2.  Malt extract levels of Chebec/Harrington DH lines with contrasting 1H and 5H QTL 
genotypes. 

 
 
Marker Development 
 
Two markers have been developed and integrated into the maps.  Table 1 shows the digestion product sizes 
resulting from the different restriction enzymes used and the population in which it occurred.  CAPS marker 
DCPOL produced a polymorphism only in the AC-Metcalfe/Baudin population resulting in a band fragment 
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250bp for the Harrington parent.  This marker was integrated into the map and was positioned above the 
ABG57 locus. 
 
The CAPS marker ABSTY showed different polymorphisms for the AC-Metcalfe/Baudin and 
Chebec/Harrington populations, recognised by the restriction enzymes Nsp I and Sau96 I, respectively 
(Figure 3).  The ABSTY marker produced band fragments 400 and 300bp in the Chebec parent and only the 
400bp fragment in Harrington.  It mapped above the SSR marker GMS01, which is tightly associated with 
the QTL (4).  CAPS marker DCPOL was mapped in the AC-Metcalfe/Baudin population above ABSTY.   
 
 
 
Table 1.  CAPS markers mapped into the populations 

Population Marker Enzyme Size (bp) 
Chebec/Harrrington ABSTY Sau96 I 1000, 500 
AC-Metcalfe/Baudin ABSTY Nsp I 400, 300 
 DCPOL Hinf I 250 
 
 
 
 
 
 
 
 
 
 
 
Figure 3.  AC-Metcalfe/Baudin DH population segregating for CAPS marker ABSTY. 

 
 
Conclusion 

The development of large F2 and BC-F2 populations, together with the addition of further markers, will help 
to narrow the QTL interval. Co-linearity with the sequenced rice genome was shown to be an effective 
source of new markers. Barley BAC libraries available at ACPFG will offer the opportunity to recover and 
sequence a BAC contig and systematically identify all the genes present in the target barley interval. 
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