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Abstract 
Limit dextrinase is solely responsible for the hydrolysis of α-(1-6) branch points of 
amylopectin. The higher levels of limit dextrinase activity result in higher fermentability. A 
survey of 62 barley varieties has shown a large range of variation for the enzyme activity and 
thermostability. A single copy of the gene encoded limit dextrinase was mapped to barley 
chromosome 7H.  Full length of cDNAs of the gene have been isolated from barley varieties 
Galleon (low activity and high thermostability) and Maud (high activity and low 
thermostability). Alignment of the amino acid sequences from these two varieties identified 7 
amino acid substitutions K/R-102, T/A-233, S/G-235, G/A-298, C/R-415, A/S-885 and 
G/C888. PCR primers were designed based on the amino acid substitutions to investigate 
genetic diversity of the limit dextrinase gene using single strand conformation 
polymorphism (SSCP). There is only limited genetic variation of limit dextrinase gene in the 
current malting barley varieties, although large variations were observed in the barley 
germplasm. In addition, a simple sequence repeat was identified in one intron. Four alleles were 
detected for the SSR in the 62 varieties. The results will help understanding the mechanisms 
controlling the limit dextrinase activity and thermostability, and provide a tool for selection of 
high enzyme thermostability and activity using marker assisted selection. 
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Introduction 

Starch makes up 58% to 65% of the barley grain. It provides energy for germination and for 
humans and animals, and the source of fermentable sugars for brewing and distilling industries. 
Barley starch generally contains about 75% branched amylopectin (1-4,1-6-α-glucan) and 
25% linear amylose (1-4-α-glucan). During germination and in the malting and brewing 
process, the starch is degraded to simple sugars by the concerted action of α-amylases, β
-amylases, limit dextrinase and α-glucosidase. Limit dextrinase (α-dextrin endo-1,6-α



-glucosidase, also known as R-enzyme, pullulanase, amylopectin 6-glucanohydrolase or 
debranching enzyme) is the only endogenous barley enzyme that digests amylopectin and 
dextrins formed during germination or malting. High enzyme activity could improve wort 
fermentability, increase alcohol production and alter the dextrin profile of the fermented wort. 
With the expanding light beer market and increasing use of starch adjuncts in brewing, high 
levels of limit dextrinase are becoming more desirable.  
 
As a result of the physiological and commercial importance of limit dextrinase, considerable 
effort has been directed towards characterization of the enzyme. Studies have detected only one 
limit dextrinase gene in the barley genome that encodes for a protein with a calculated 
molecular mass of 97 kDa (Burten et al. 1999; Kristensen et al. 1999). The gene is dominantly 
expressed in the aleurone layers of germinated grain and is regulated by gibberellic acid. Limit 
dextrinase has been reported both in developing and germinating grain. The most effective 
method for manipulation of the dextrin profile in malt and beer is to develop barley cultivars 
with high levels of enzyme activity or low inhibitor activity. However, improvement of limit 
dextrinase activity in barley breeding has been slow due to some factors. The present study 
investigates genetic diversity of limit dextrinase gene in malting barley varieties from Australia, 
Europe, Japan and North America. Molecular markers were developed as a tool for directly 
selection of the gene controlling enzyme activity and thermostability.  
 
 

Materials and methods 

Materials 

Sixty-two barley genotypes were used in this study, which included major malting barley 
varieties from Australia, Europe, Japan, and North America. Enzyme activity and 
theromostability of limit dextrinase have been reported for most of the varieties by Evans et al 
(2005). The varieties are AC Metcalfe, Alexis, Amagi Nijo, Arapiles, Baudin, Barque, 
Carmarque, Chariot, Cooper, Dash, Dawn, Dhow,  Franklin, Gairdner, Hamelin, Harrington, 
Haruna Nijo, kaputar, Keel, Lindwall, Morrell, Mundah, Namoi, Optica, Picola, Sahara, 
Scarlett, Schooner,  Sloop, Stirling, Tallon, Torrens, Triumph, Unicorn, VB0009, VB0011, 
VB0021, VB0024, Sloop-Vic, WABAR2109, WABAR2110, Galleon, Grimmett, Ulandra, 
WA4378, WA4452, WA4987, WA5297, WA6201, WA6535, WA6540, WA6796, WA6804, 
WA6922, WA6928, WA7077, WA7112, WA7477, WA7762, WA8157 and WA8174. 
  
DNA extraction 
A 10 cm long piece of fresh and healthy leaf material from each plant was crushed into fine 
powder in liquid nitrogen.  DNA extraction buffer (600µL) was added into the powder and 
homogenized thoroughly, followed by adding 600µL phonel/chloroform/iso-amyl alcohol 



(25:24:1) and hand mixing thoroughly by inversion for 5 seconds and place on ice for 5 min. 
The resultant solution was centrifuged for 10 min at 14000 rpm. The upper aqueous phase was 
transferred into a fresh tube. DNA was precipitated by adding 60µL 3M sodium acetate (pH 4.8) 
and 600µL isopropanol. The DNA was washed using 1mL 70% ethanol and centrifuged for 2 
min at top speed and discard supernatant. The final DNA pellet was suspended in 100µL R40. 
 
PCR Reaction conditions  
The PCR reaction contains 20 mM Tris-HCl, 50 mM KCl, 2.0 mM MgCl2, 100 µM of each 
dNTP, 5 pmol of each primer, 50-100 ng of genomic DNA and 1 unit of Taq DNA polymerase. 
The reaction was initially denatured at 95°C for 5 min, followed by 35 cycles of 95°C for 45 
seconds, 57°C for 45 seconds and 72°C for 1 minute. The PCR was terminated at 72°C for 10 
minutes.  
 
SSR analysis 
The SSR marker was based on the previous study (Li et al. 1999). The amplified  DNA 
fragment contains the exons 16, 17 and intron 16 of the limit dextrinase gene and was separated 
on 7% polyacrylamide gel. 
 
SSCP analysis 
Single strand conformation polymorphism (SSCP) was considered as a simple and efficient 
technique for the detection of single base substitutions. The method is based on the assumption 
that changes in the nucleotide sequence affect single-strand conformation and thus results in 
altered electrophoretic mobility. The size of PCR fragments for SSCP is usually in the range of 
175-500 bp. The SSCP method followed previously described procedures (Savov et al. 1992, 
Zietkiewicz et al. 1997, Martins-lopes et al. 2001) and was optimized with a 12% 
polyacrylamide gel (acrylamidebisacrylamide ratio of 37.5:1) in 0.5xTBE and run at room 
temperature for 22–32 h.  The PCR products were evaluated for purity by agarose gel 
electrophoresis before being loaded onto an SSCP gel, as any unwanted PCR products may 
interfere with gel analysis. 
 
Results and Discussion 
 
Polymorphisms of PCR primers 
Full cDNAs of the limit dextrinase gene have been isolated from barley varieties Galleon (low 
activity and high thermostability), Maud (high activity and low thermostability) and Ingri 
(European malting barley variety). Alignment of the amino acid sequences from Galleon and 
Maud identified 7 amino acid substitutions K/R-102, T/A-233, S/G-235, G/A-298, C/R-415, 
A/S-885 and G/C-888. PCR primers were designed to amplify the DNA fragments with the 
amino acid sequence variations from 62 varieties (Fig. 1).  Polymorphisms were only detected 
from 4 amino acid substitutions of T/A-233, S/G235, A/S-885 and G/C-888. This may reflect 
the technical limitation of single strand conformation polymorphism for detection of single 
nucleotide substitution. The other possibility is sequence errors resulted from the original 
sequences. It is interesting to notice that three alleles were detected for the 4 polymorphic 



primers, which demonstrated more nucleotide substitutions in the target DNA fragments (Fig. 
1). The simple sequence repeat marker detected 4 alleles in the 62 barley varieties. 
 

Fig. 1 Polymorphism of  SNP in limit dextrinase gene in different barley varieties 
 
Genetic diversity of the limit dextrinase gene 
The limit dextrinase gene is very conserved in most of malting barley varieties from Europe, 
North America and Australia. These varieties include AC Metcalf, Alexis, Arapiles, Barke, 
Baudin, Chariot, Cooper,  Derkado, Franklin, Gairdner, Grimmett, Harrington, Lindwall, 
Manley,  Optic, Scarlett, Stirling and Triumph. No polymorphism was detected among these 
varieties except the SSR marker. These varieties showed high enzyme activity and low 
thermostability.  The Japanese varieties have different alleles in all marker loci, which include 
Haruna Nijo, Amagi Nijo and Unicorn. However, there is no significant difference for the 
enzyme activity and thermostability comparing to Europe, North America and Australia 
malting barley varieties. Thus,  the difference may simple reflect the origin of the varieties.  It is 
worth to notice that South Australia barley varieties showed different alleles comparing to the 
Europe, North America and Western Australia varieties. These varieties include Schooner, 
Sloop, Sloop-SA, Sloop-Vic, Torrens, Dhow, Picola, Galleon and Keel. The variations also 
presented in new breeding lines from the Victoria breeding program, VB0009, VB0011, 
VB0021 and VB0024. It is not clear how these variations related to the variety adaptation to 
South Australia and Victoria. 
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