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Abstract Traits conferring brewing quality are important
objectives in malting barley breeding. Beer foam stability
is one of the more difficult traits to evaluate due to the
requirement for a relatively large amount of grain to be
malted and then the experimental costs for subsequent
brewing trials. Consequently, foam stability tends to be
evaluated with only advanced lines in the final stages of the
breeding process. To simplify the evaluation and selection
for this trait, efficient DNA makers were developed in this
study. Previous studies have suggested that the level of
both of the foam-associated proteins Z4 and Z7 were
possible factors that influenced beer foam stability. To
confirm the relationship between levels of these proteins in
beer and foam stability, 24 beer samples prepared from
malt made from 10 barley cultivars, were examined.
Regression analyses suggested that beer proteins Z4 and Z7
could be positive and negative markers for beer foam sta-
bility, respectively. To develop DNA markers associated
with contents of proteins Z4 and Z7 in barley grain,
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nucleotide sequence polymorphisms in barley cultivars in
the upstream region of the translation initiation codon,
where the promoter region might be located were com-
pared. As a result, 5 and 23 nucleotide sequence poly-
morphisms were detected in protein Z4 and protein Z7,
respectively. By using these polymorphisms, cleaved
amplified polymorphic sequence (CAPS) markers were
developed. The CAPS markers for proteins Z4 and Z7 were
applied to classify the barley grain content of 23 barley
cultivars into two protein Z4 (pZ4-H and pZ4-L) and three
protein Z7 (the pZ7-H, pZ7-L and pZ7-L2) haplotypes,
respectively. Barley cultivars with pZ4-H showed signifi-
cantly higher levels of protein Z4 in grain, and those with
pZ7-L and pZ7-L2 showed significantly lower levels of
protein Z7 in grain. Beer foam stability in the cultivars with
pZ4-H and pZ7-L was significantly higher than that with
pZ4-L and pZ7-H, respectively. Our results indicate that
these CAPS markers provide an efficient selection tool for
beer foam stability in barley breeding programs.

Introduction

Beer foam is an important quality trait for brewers. It can
be characterized by a series of characteristics, such as
stability, quantity, lacing, whiteness, creaminess, density,
viscosity and strength (Bamforth 1985). Proteins (Dale and
Young 1987; Siebert and Knudson 1989), hop iso-a-acids
(Evans and Sheehan 2002; Simpson and Hughes 1994),
polysaccharides (Evans et al. 1999a; Stowell 1985) and
metal ions (Evans and Sheehan 2002) have been consid-
ered to contribute to beer foam stability. Among protein
factors derived from barley malt, protein Z (Evans and
Hajgaard 1999; Evans et al. 2003; Iimure et al. 2008;
Maeda et al. 1991), lipid transfer protein 1 (LTP 1)
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(Perrocheau et al. 2006; Sorensen et al. 1993; van Nierop
et al. 2004) and barley dimeric alpha-amylase inhibitor 1
(BDAI-1) (Iimure et al. 2008; Okada et al. 2008) have been
reported to be associated with foam stability.

Protein Z is a major beer protein and its positive rela-
tionship with beer foam stability has been widely discussed
(Evans and Bamforth 2009). Protein Z is a small family of
barley serine protease inhibitors (serpin). Some isoforms
such as protein Z4, protein Z7 and protein Zx are included
in the barley protein Z family (Rasmussen 1993; Roberts
et al. 2003). However, previous reports have only observed
protein Z4 and protein Z7 in beer (Iimure et al. 2008, 2010;
Perrocheau et al. 2005, Evans et al. 1999a). Protein Z4 is a
predominant isoform comprising 80% of the total protein Z
content in barley grain and malt (Evans and Hajgaard
1999). Therefore, when most previous investigations have
referred to protein Z in beer, it is suggested that they are
mainly referring to protein Z4. Evans and Hajgaard (1999)
also defined the fractions of proteins Z4 and Z7 in barley
and malt. There is a free fraction of proteins Z4 and Z7 that
is extractable with aqueous salt-solution. Reducing agents
and presumably proteases release the bound fraction while
the latent fraction (primarily in barley) can only be released
with SDS and reducing agent. Total protein Z4 or protein
77 was defined as the sum of the free, bound and latent
fractions while the combined fraction was the sum of the
free and bound fraction. Generally it is either the free or
combined fractions that are quantitated and reported. Evans
and Hajgaard (1999) observed in seven barley varieties that
the average content of free protein Z4 was 30% (range
20-52) and 31% of protein Z7 (range 27-40). In malt, the
average content of free protein Z4 rose to 58% (range
37-75) and protein Z7 was also 58% (range 42-72).

It is reasonably widely accepted that protein Z4 is a key
beer foam-positive protein (Evans and Bamforth 2009). In
comparison, protein Z7 may also play an important role in
beer but it has not been well investigated with the excep-
tion of Evans and Hajgaard (1999) and Evans et al.
(1999a). The removal of protein Z from beer by immu-
noaffinity treatment, only reduced of foam stability by a
relatively minor 10% (Hollemans and Tonies 1989).
Gibson et al. (1996) also reported that little difference was
observed in foam stability between beers brewed with
(normal) and without (deficient, cv. Pirkka) protein Z in
malt. Pirkka was later found to contain a relatively high
level of protein Z7 (Evans and Hajgaard 1999). Thus, the
relationship between protein Z, particularly the relative
contribution of protein Z4 to protein Z7, and beer foam
stability is still unclear. Importantly, higher levels of malt
proteins Z4 and Z7 result in their increased levels in beer
(Evans and Bamforth 2009).

The malt content of proteins Z4 and Z7 are considered
to be selectable indicators of beer foam stability for the
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breeding of malting barley (Evans and Bamforth 2009). It
is, however, difficult to estimate the protein contents in
malt of early hybrid generations due to the limited amount
of seed which precludes malting and the potentially large
environmental effects related to seed produced by single or
limited numbers of plants as a result growing conditions.
Therefore, application of DNA markers to select desirable
alleles for proteins Z4 and Z7 may enable the selection of
single plants without these limitations. For barley grain
protein Z4 content, a restriction fragment length poly-
morphism (RFLP) marker has previously been developed
(Kaneko et al. 1999). However, the RFLP marker evalua-
tion requires a significant amount of DNA sample and
complicated assessment procedures. In addition, Kaneko
et al. (1999) did not investigate the relationship between
protein Z4 genotype and beer foam stability. Recently,
selection protocols for DNA markers based on single
nucleotide polymorphism (SNP), such as cleaved amplified
polymorphic sequences (CAPS), have been used in crop
breeding due to their advantages with respect to amount of
DNA required and the PCR-based co-dominant nature of
the assay (Francia et al. 2005). CAPS markers have also
been applied in barley breeding for the selection of several
malting quality traits (Paris et al. 2002; Potokina et al.
2006).

In this study, 24 beer samples were prepared from the
malt made from 10 barley cultivars. By using these beer
samples, relationship between foam stability, and both
proteins Z4 and Z7 in beer were evaluated by regression
analysis. The selection efficiency of DNA markers devel-
oped from nucleotide sequences of proteins Z4 and Z7
were validated by using these beer samples and the markers
were applied to assess seed from a range of other cultivars
of known origin.

Materials and methods
Barley and malt samples

Beer was brewed from malt made from ten barley cultivars
that had the quality characteristics shown in Table 1. Each
malt sample was made from 75 kg barley grain by the
method described in a previous report (Okada et al. 2008).
To analyze the barley grain contents of proteins Z4 and Z7,
23 cultivars (the cultivar names shown in Fig. 2) were
grown under the recommended management practices in
Gunma prefecture, Japan, in 2000, 2004 and 2008. Kolbach
Index (soluble nitrogen/total nitrogen x 100) was analyzed
according to the standard method of the European Brewery
Convention (1987). To investigate the genetic profile
of proteins Z4 and Z7 in worldwide malting barley varie-
ties, 64 cultivars collected from Japan, North America,
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Table 1 Summary of the characteristics of the malt and beer samples
Cultivar Area of Year  Kolbach  Beer protein ~ Beer protein ~ Beer NIBEM  Protein Z4  Protein Z7
production Index® Z4 (pg/ml) Z7 (ng/ml) bitterness  (s) genotype genotype
unit
Cultivar A-1 Canada 2000 421 17.49 1.27 242 285 H° L°
Cultivar A-2 Canada 2000  50.0 11.89 1.19 23.5 264 H L
Cultivar A-3 Canada 2007 439 8.88 2.99 24.8 258 H L
Cultivar A-4 Canada 2008 432 7.80 4.19 25.5 265 H L
Cultivar B-1 Canada 2004 425 8.97 8.76 19.1 247 H H
Cultivar B-2 Canada 2008  40.8 8.13 6.49 20.6 244 H H
Cultivar B-3 Canada 2008 452 7.93 8.12 232 251 H H
Cultivar C-1 Canada 2007 433 6.94 5.98 22.4 239 H H
Cultivar C-2 Canada 2008 393 7.54 6.60 25.7 246 H H
Cultivar D Canada 2008 413 7.67 4.87 25.4 264 H L
Cultivar E-1 Japan 2000 473 8.30 4.29 22.3 245 L L
Cultivar E-2 Japan 2002 471 6.82 4.38 229 258 L L
Cultivar E-3 Japan 2002 50.1 7.26 5.15 23.7 260 L L
Cultivar E-4 Japan 2002 516 9.33 5.99 20.4 243 L L
Cultivar F-1 Japan 2003 509 4.56 11.46 19.1 232 L H
Cultivar F-2 Japan 2004 434 4.07 7.71 19.1 230 L H
Cultivar F-3 Japan 2007 429 6.16 15.04 20.0 233 L H
Cultivar F-4 Japan 2007 433 6.49 16.61 19.5 232 L H
Cultivar G-1 Japan 2004 422 242 8.75 19.9 219 L H
Cultivar G-2 Japan 2004 422 3.26 12.21 20.8 226 L H
Cultivar H-1 Japan 2007 424 6.94 17.06 17.7 232 L H
Cultivar H-2 Japan 2007 434 6.63 15.95 19.6 238 L H
Cultivar 1 Japan 2007 425 5.96 14.51 21.7 258 L H
Cultivar J Japan 2007 472 5.79 12.51 19.5 248 L H
Mean 445 74 8.4 21.7 246.5
Standard deviation 34 3.0 4.9 24 15.4
Maximum 51.6 17.5 17.1 25.7 285.0
Minimum 39.3 2.4 1.2 17.7 219.0

 (Soluble nitrogen/malt total nitrogen) x 100

° H and L indicate pZ4-H and pZ4-L, respectively, in the genotypes of protein Z4

¢ H and L indicate pZ7-H and pZ7-L, respectively, in the genotypes of protein Z7

Australia and Europe were used. The cultivar names in
Tables 1 and 3 can be disclosed to interested parties under
a Material Transfer or Confidentiality Agreement.

Beer processing

The beer samples were prepared from barley malt (67%
w/w of total raw materials), corn starch, rice and hops in a
400-1 pilot scale plant according to the brewing protocol
described in a previous report (Okada et al. 2008). The
fermentation conditions were previously described by
Okada et al. (2008). Beer foam stability of the resulting 24
beers was determined using a foam stability tester type
NIBEM-T (Haffmans B. V., Venlo, Holland) according to
the manufacturer’s instructions.

Determination of proteins Z4 and Z7 concentrations

Proteins Z4 and Z7 contents in beer and barley grain
were determined by enzyme-linked immunosorbent assay
(ELISA) using each specific antibody. A quantitative
sandwich ELISA for beer protein Z4 was conducted as
follows. A purified rabbit anti-recombinant protein Z4
polyclonal antibody, which did not cross-react with protein
77 (data not shown) was used as the primary antibody, and
the Fab fragment of the rabbit anti-protein Z4 polyclonal
antibody, which was conjugated to horse radish peroxidase,
was used as the secondary antibody. The primary antibody
diluted 1 in 1,000 with coating buffer (15 mM sodium
carbonate and 35 mM sodium hydrogen carbonate, pH
9.6), was added to a 96-well EIA/RIA plate (Corning
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Incorporated, USA), and then allowed to bind to the plate
overnight at 4°C. Blocking was achieved at room temper-
ature for 2 h with a buffer containing 10 g/l casein,
137 mM sodium chloride, 8 mM disodium hydrogen-
phosphate 12-water, 1 mM potassium dihydrogenphos-
phate. The beer samples were diluted 1 in 1,000 with “Can
Get Signal Solution 1”7 (TOYOBO, Japan); where after
100 Wl of sample was added to the coated wells in tripli-
cate. After incubation at room temperature for 2 h, the
wells were washed three times by washing buffer (20 mM
Tris—HCI, 150 mM sodium chloride and 0.05% Tween 20,
pH 7.5). Next, 100 pl of secondary antibody diluted 1 in
500 with “Can Get Signal Solution 2” (TOYOBO) was
added to the wells. After incubation at room temperature
for 2 h, the wells were again washed three times with
washing buffer. The color development reaction was con-
ducted by the peroxidase coloring kit (Sumitomo Bakelite,
Japan). The absorbance at 492 nm was measured by a
VARIOSKAN microtitre plate reader (Thermo Electron
Corporation, Japan).

A semi-quantitative direct adsorption ELISA for barley
grain protein Z4 was performed as follows. Barley protein
extract was prepared from 50 mg milled barley grain in
1 ml phosphate buffered saline with 0.28% dithiothreitol to
extract both the free and bound fractions. Proteins were
extracted overnight at 4°C with mixing. After total protein
concentration was determined by the Bradford method
using bovine serum albumin as a standard (Bradford 1976),
100 pl of sample diluted 1 in 4,000 by coating buffer were
added to a 96-well EIA/RIA plate in triplicate, and then the
plate was incubated at 4°C overnight. The blocking reac-
tion was conducted with the addition of 200 pl of blocking
buffer in each well and incubating at room temperature for
2 h. After the well was washed twice with washing buffer,
where after 100 pl of primary antibody, purified rabbit
anti-protein Z4 polyclonal antibody diluted 1 in 1,000 with
“Can Get Signal Solution 1” was added to the well, and
then the plate was incubated at room temperature for 2 h.
Following washing the plate with washing buffer three
times, 100 pul of goat anti-rabbit IgG-AP (secondary anti-
body) (Santa Cruz Biotechnology, California, USA) diluted
1 in 1,000 with “Can Get Signal Solution 2 was added to
the well. After the plate was incubated at room temperature
for 2 h, the plate was again washed three times. The color
development reaction was achieved by the addition of
150 pl of coloring solution (I mg/ml disodium p-nitro-
phenyl phosphate hexahydrate in 10% diethanolamine).
After color development the reaction was stopped by the
addition of 3 M sodium hydroxide, the absorbance was
measured at 405 nm by VARIOSKAN.

For quantitative ELISA of barley and beer protein Z7,
rabbit anti-protein Z7 polyclonal antibody as the primary
and rabbit anti-protein Z7 polyclonal antibody conjugated
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with biotin as the secondary antibody specific to barley and
beer protein Z7 (Evans et al. 1999a) provided by
Dr. E. Evans, Tasmania University, Australia was used.
Protein Z7 ELISA was conducted according to Evans et al.
(1999a) with minor modification. Barley protein extract
(bound + free protein Z7) was prepared as described
above. The barley protein extracts were diluted 1 in 1,000
with “Can Get Signal Solution 1”. For beer protein Z7
assay, the beer sample was also diluted 1 in 500 with “Can
Get Signal Solution 1”. 100 pl of sample solution was then
added to the plate coated in the primary antibody diluted 1
in 300 with coating buffer in triplicate. The plate was
incubated for 2 h and washed three times with washing
buffer. Subsequently, the secondary antibody diluted 1 in
5,000 by “Can Get Signal Solution 2” was added to the
plate. The remainder of the procedure was completed as
described by Evans et al. (1999a). The contents of barley
grain proteins Z4 and Z7 were calculated by ng/pg protein
to correct extraction efficiency and protein content in
barley grain.

PCR and thermal asymmetric interlaced (TAIL) PCR

Total DNA was isolated from the leaf blade by the fol-
lowing protocol. A zirconia ball and 200 pl of extraction
buffer (200 mM Tris—HCI, 250 mM sodium chloride,
25 mM ethylenediaminetetraacetate, pH 7.5) were added to
5 mm square piece of barley leaf, and then the solution was
shaken at 1,200 rpm for 20 s using MULTI-BEADS
SHOCKER MB-501 (YASUI KIKAI, Japan). Subse-
quently, the solution was incubated at 60°C for 30 min.
After centrifugation at 1,200xg for 20 min, 150 pl of
isopropanol was added to the supernatant. After centrifu-
gation at 1,200xg for 20 min, 200 pl of 70% ethanol
solution was added to precipitate DNA and mixed. Fol-
lowing centrifugation at 1,200xg for 20 min, and drying,
the DNA was dissolved in 50 pl of sterilized water. PCR
was conducted as follows. 2 pl of DNA solution, 1 pl of
10 mM primer solution, 10 pl of Premix Taq Ex Taq
Version 2.0 (Takara Bio Inc., Japan) and 6 pl of sterilized
water was mixed. The primer list is shown in Table 2.
Subsequently, PCR was conducted using a thermal cycler,
PTC-200 (MJ Research, Inc., USA) using the following
program: 35 cycles at 94°C for 1 min, 62.5°C for 1 min
and 72°C for 5 min, and 1 cycle at 72°C for 5 min.
Thermal asymmetric interlaced (TAIL) PCR (Liu and
Whittier 1995) was performed to isolate DNA fragments of
the upstream region from the translation initiation codon
for protein Z7. 2 pul of DNA solution, 1 pl of 100 uM
random primer (Table 2), 4 pl of 1 uM specific primer 1
(Table 2), 10 pl of Premix Taq Ex Taq Version 2.0, and
3 wl of sterilized water were mixed, and then the first PCR
was conducted using the following program: 1 cycle at
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Table 2 Primer list for PCR

Primer name Sequence

For protein Z4 sequence

pZ4 Se-F 5’-GAGACGTGTAGTAATCTTCG-3’
pZ4 Se-R 5’-GCGAGCACAAATTGCACCACC-3’
For protein Z4 genotyping by CAPS marker

pZ4 CAPS-F 5’-GGAGTATATGAGGGCTCGCG-3’
pZ4 CAPS-R 5’-CCCTTCGCGTAAGGAAGCTT-3’
For TAIL PCR
Random primer 5’-GTNCGA(G/C)(A/T)CANA(A/T)GTT-3’
5’-CGTTGGTGGCAGCAGACTCGGGG-3’
5’-GGTCGGAGGAGATGGCGGAGGCG-3’
5’-GGTCGGTGGTGAGGGTGGTTGCCA-3’
For protein Z7 genotyping by CAPS marker

pZ7 CAPS-F 5’-GGTCACATGACGTGTATTAATCTCC-3’
pZ7 CAPS-R 5’-CGTTGGTGGCAGCAGACTCGGGG-3’

Specific primer-1
Specific primer-2

Specific primer-3

94°C for 1 min and 95°C for 1 min, 5 cycles at 94°C for
1 min, 65°C for 1 min and 72°C for 3 min, 1 cycle at 94°C
for 1 min, 30°C for 3 min and 72°C for 3 min, 15 cycles at
94°C for 0.5 min, 68°C for 1 min, 72°C for 3 min, 94°C
for 0.5 min, 68°C for 1 min, 72°C for 3 min, 94°C for
0.5 min, 44°C for 1 min, and 72°C for 3 min, and 1 cycle
at 72°C for 5 min. Subsequently, a second PCR was con-
ducted by mixing 1 pl of the first PCR product diluted
50-fold, 3 pl of 100 uM random primer, 4 pl of 1 pM
specific primer 2 (Table 2), 10 pl of Premix Taq Ex Taq
Version 2.0, and 2 pl of sterilized water using the program
as follows: 13 cycles at 94°C for 0.5 min, 68°C for 1 min,
72°C for 3 min, 94°C for 0.5 min, 68°C for 1 min, 72°C
for 3 min, 94°C for 0.5 min, 44°C for 1 min, and 72°C for
3 min, and 1 cycle at 72°C for 5 min. A third PCR was
conducted by mixing 1 pl of the second PCR product
diluted tenfold, 3 pl of 100 pM random primer, 1 pl of
10 uM specific primer 3, 10 pl of Premix Taq Ex Taq
Version 2.0, and 5 pl of sterilized water using the same
program as the second PCR.

Statistical analyses

Statistics analysis was carried out using Microsoft Office
Excel 2003 (Microsoft Corporation, USA).

Results

The relationships between beer protein Z4, protein Z7
and foam stability

The concentrations of beer proteins Z4 and Z7 were mea-
sured in 24 beer samples each brewed from a specific malt

sample made from 10 barley cultivars (Table 1). The
NIBEM value, beer protein Z4 and protein Z7 concentra-
tions showed a wide range of variation between the beers.
Variation in NIBEM value was observed between the beers
from the same cultivars. This might be caused by the fact
that many factors influencing foam stability such as malt
Kolbach Index, beer protein Z4, protein Z7 and beer bit-
terness unit were different among the beer samples from
same cultivars (Table 1). The relationships between
NIBEM value and these protein contents were analyzed in
Fig. 1. The correlation coefficients between NIBEM value
and proteins Z4 and Z7 were significant at the 1% level.
The coefficient between protein Z4 and NIBEM value was
positive, while the relationship between protein Z7 and
NIBEM value was negative. These results indicate that the
level of protein Z4 in beer was a marker for improved foam
stability, while protein Z7 was a negative marker for beer
foam stability.

Genetic variation of proteins Z4 and Z7 contents
in barley grain

The combined (free + bound) proteins Z4 and Z7 contents
were measured in barley grain from 23 cultivars grown
under the same management practices at Gumma, Japan, in
2000, 2004 and 2008 (Fig. 2). One-way analysis of vari-
ance for proteins Z4 and Z7 contents, using the three
production years as replications, was used as an estimate
for genotypic variation. This analysis showed that the
genetic variation in grain proteins Z4 and Z7 contents
between varieties was significant at the 1% level.

It was observed that the genotypic variation between
cultivars for proteins Z4 and Z7 showed regional patterns
for the cultivars assessed (Fig. 2). In the Japanese cultivars,
protein Z4 content was lower in Haruna Nijo, Akagi Nijo,
Golden Melon, Ryofu and Hokuiku39 (9.0-21.5 ng/pg
protein) compared to Myogi Nijo, Satsuki Nijo and
Hoshimasari (23.5-39.7 ng/pg protein). For the Australian
cultivars, protein Z4 content was lower in Schooner,
Clipper and Franklin (8.2-21.0 ng/pg protein) compared to
Sloop SA and Prior (21.2-39.4 ng/ug protein). In European
cultivars, protein Z4 content for Barke was slightly lower
(10.4-22.1 ng/pg protein) than that in other cultivars
(18.2-34.4 ng/png protein). All the North American culti-
vars tested had relatively higher levels of barley grain
protein Z4 (17.6-38.6 ng/pg protein). For protein Z7 con-
tent, the Japanese cultivars, Haruna Nijo, Ryofu,
Hokuiku39, Myogi Nijo and Satsuki Nijo had higher levels
(20.3-41.2 ng/pg protein). The North American cultivars,
Harrington and CDC Copeland (13.2-22.0 ng/pg protein)
showed relatively higher levels of protein Z7 content
compared to the other North American cultivars. All of
the Australian and European cultivars examined had
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comparatively lower levels in protein Z7 content
(5.4-15.0 ng/ug protein). The levels of grain proteins Z4
and Z7 were not significantly correlated (r = 0.071),
indicating that levels of protein Z4 and protein Z7 were
independent. Consistent with this study, but for the com-
bined fractions for malt, Evans et al. (1999b) also identified
three apparent levels of protein Z4 (high, intermediate and
low) and two apparent of levels of protein Z7 (high and
low) between cultivars.

Construction of CAPS marker for barley grain
protein Z4 content

Evans et al. (1999b) mapped quantitative trait loci for malt
proteins Z4 and Z7 contents on the short arm of chromo-
some 4H and the long arm of chromosome 5H, respec-
tively, where each structural gene was located. Based on
these results, it was expected that single nucleotide poly-
morphisms (SNPs) could be identified in the proteins Z4
and Z7 structural genes or adjacent sequences that could
then be tested as markers for barley grain proteins Z4 or Z7
contents. We focused on nucleotide sequences upstream of
the translation initiation codon (ATG) for the development
of CAPS markers for proteins Z4 and Z7 levels. For protein
74, the 1,078 bp nucleotide sequence upstream from the
translation initiation codon was available on the NCBI
database (Genbank accession no. X51726). Based on this
sequence, PCR primer sets (pZ4 Se-F and pZ4 Se-R) were
designed (Table 2). Each of three barley cultivars with
lower (Ryofu, Haruna Nijo and Barke) or higher (CDC
Kendall, CDC Copeland and Harrington) protein Z4 con-
tent based on the results shown in Fig. 2 were selected to
compare the nucleotide sequences of the PCR amplicons.
The alignment of these nucleotide sequences revealed five
nucleotide polymorphisms in the regions shown in Fig. 3a
M1, M2, M3, M4 and M5). Among these polymorphisms,
four (M1, M2, M3 and M4) were considered efficient DNA
markers to classify the six barley cultivars into two hap-
lotypes, which corresponded to lower or higher protein Z4
contents in barley grain. Of these, M3 is contained within a
restriction enzyme digestion site (Accl: GTAGAC). The
cultivars with lower grain protein Z4 content (pZ4-L), i.e.,
Ryofu, Haruna Nijo and Barke were digested by Accl, but
those with higher grain protein Z4 content (pZ4-H), i.e.,
CDC Kendall, CDC Copeland and Harrington were not
digested by the enzyme.

Genomic DNA samples of the 23 cultivars shown in
Fig. 2 were then used to amplify the upstream region for
protein Z4 by primers pZ4 CAPS-F and pZ4 CAPS-R. The
PCR products were digested by Accl and applied to agarose
gel electrophoresis (Fig. 4a). As a result, the cultivars
tested were classified into pZ4-L (n =9) and pZ4-H
(n = 14). The mean values of the grain protein Z4 content

by the digestion type were compared in each production
year (Fig. 5a). In every production year, the average pro-
tein Z4 content in the pZ4-H haplotype was significantly
higher than that in the pZ4-L. These results suggest that the
CAPS marker M3 is effective for the estimation of protein
Z4 content in barley grain.

Construction of CAPS marker for barley grain protein
777 content

For protein Z7, only 29 bp of nucleotide sequence in the
upstream region of the translation initiation codon was
available in the NCBI database (Genbank accession no.
X95277). An additional 307 bp nucleotide sequence was
obtained by TAIL PCR using genomic DNA of CDC
Kendall as a template. Based on this sequence, primer sets
(pZ7 CAPS-F and pZ7 CAPS-R) to amplify the entire
nucleotide sequence region were designed (Table 2). The
cultivars with higher (Ryofu, Harrington and CDC Cope-
land) or lower (CDC Kendall, Akagi Nijo and Barke) grain
protein Z7 content based on the results shown in Fig. 2 were
selected for sequence comparison. The alignment of
nucleotide sequences for their PCR amplicons (Fig. 3b)
revealed 23 polymorphisms. Of these, 17 were specific to
CDC Kendall and Akagi Nijo (Mka), 3 were specific to
Barke (Mb), two were specific to CDC Kendall, Akagi Nijo
and Barke (Mkab), and one was specific to Akagi Nijo and
Barke (Mab), respectively. Among the polymorphisms
found in the sequence, Mkab showed the highest capability
for classification and divided six cultivars into two groups
with higher (Ryofu, Harrington and CDC Copeland) and
lower (CDC Kendall, Akagi Nijo and Barke) grain protein
Z7. However, the Mkab markers could not be discriminated
by the restriction enzymes tested in this study. Therefore,
one Mka (Mkal) and one Mb (Mb1) were selected for the
maker development. The PCR products containing the
sequence shown in Fig. 3b were digested except for CDC
Kendall and Akagi Nijo by Bgl/ll (Mkal), and Barke by
Hinfl (Mbl). By using these marker combinations, six
cultivars were classified into three haplotype groups, i.e.,
pZ7-H (Ryofu, Harrington and CDC Copeland), pZ7-L
(Kendall and Akagi Nijo) and pZ7-L2 (Barke).

Genomic DNA samples of the 23 cultivars from Fig. 2
were amplified by the primers pZ7 CAPS-F and pZ7
CAPS-R. The PCR products were double digested by Bg/II
and Hinfl, and applied to agarose gel electrophoresis
(Fig. 4b). The cultivars tested were grouped into the pZ7-H
(n="17), pZ7-L (n = 13) and pZ7-L2 (n = 3). The mean
values of the grain protein Z7 content by the digestion type
were compared for each production year (Fig. 5b). In each
production year, the average protein Z7 contents in the
pZ7-L and pZ7-L2 were significantly lower than that for
the pZ7-H. These results suggest that the CAPS markers,

@ Springer



206

Theor Appl Genet (2011) 122:199-210

Fig. 3 Alignment of nucleotide
sequences of the upstream
region of the translation
initiation codon for protein Z4
(a) and protein Z7 (b) for 6
cultivars with higher or lower
protein Z4 and protein Z7
contents in barley grain

A

Ryofu
Harun
Barke
Kenda
Copel
Harri

Ryofu
Harun
Barke
Kenda
Copel
Harri

Ryofu
Harun
Barke
Kenda
Copel
Harri

M1M2 M3
GTAATCTTCGTATAATCCGATGTTCTACGAAATTCGGATACGAGGGTAGACCAAAGGACGCGGTCGTGACTAGTTAAACGGCGCTAAAAAGCAGTTTATC
GTAATCTTCGTATAATCCGATGTTCTACGAAATTCGGATACGAGGGTAGACCAAAGGACGCGGTCGTGACTAGTTAAACGGCGCTAAAAAGCAGTTTATC
GTAATCTTCGTATAATCCGATGTTCTACGAAATTCGGATACGAGGGTAGACCAAAGGACGCGGTCGTGACTAGTTAAACGGCGCTAAAAAGCAGTTTATC
GTAATCTTCGTTTTATCCGATGTTCTACGAAATTCGGATACGAGGATAGACCAAAGGACGCGGTCGTGACTAGTTAAACGGCGCTAAAAAGCAGTTTATC
GTAATCTTCGTTTTATCCGATGTTCTACGAAATTCGGATACGAGGATAGACCAAAGGACGCGGTCGTGACTAGTTAAACGGCGCTAAAAAGCAGTTTATC
GTAATCTTCGTTTTATCCGATGTTCTACGAAATTCGGATACGAGGATAGACCAAAGGACGCGGTCGTGACTAGT TAAACGGCGCTAAAAAGCAGTTTATC

*

Accl site (GTAGAC)
TCCCTTTATGATGCAATCAAGCCTATCTCAAACTACTTTAACGGGTTTTTGTTGGCTACCAAAGTACCAAAGTGCATATGGTTCCAAAATCAAAACCAAA
TCCCTTTATGATGCAATCAAGCCTATCTCAAACTACTTTAACGGGTTTTTGTTGGCTACCAAAGTACCAAAGTGCATATGGTTCCAAAATCAAAACCAAA
TCCCTTTATGATGCAATCAAGCCTATCTCAAACTACTTTAACGGGTTTTTGTTGGCTACCAAAGTACCAAAGTGCATATGGTTCCAAAATCAAAACCAAA
TCCCTTTATGATGCAATCAAGCCTATCTCAAACTACTTTAACGGGTTTTTGTTGGCTACCAAAGTACCAAAGTGCATATGGTTCCAAAATCAAAACCAAA
TCCCTTTATGATGCAATCAAGCCTATCTCAAACTACTTTAACGGGTTTTTGTTGGCTACCAAAGTACCAAAGTGCATATGGTTCCAAAATCAAAACCAAA
TCCCTTTATGATGCAATCAAGCCTATCTCAAACTACTTTAACGGGTTTTTGTTGGCTACCAAAGTACCAAAGTGCATATGGTTCCAAAATCAAAACCAAA

M4 M5
ACTAAACCCCGTTTCACATTTCAGGCCACGCGCGTTAAAAACCCGCGAAAATAGCATTTTCCAGTCAGCCCTCTTTCCCTCAACTCTGACCACAGCCCAA
ACTAAACCCCGTTTCACATTTCAGGCCACGCGCGTTAAAAACCCGCGAAAATAGCATTTTCCAGTCAGCCCTCTTTCCCTCAACTCTGACCACAGCCCAA
ACTAAACCCCGTTTCACATTTCAGGCCACGCGCGTTAAAAACCCGCGAAAATAGCATTTTCCAGTCAGCCCTCTTTCCCTCAACTCTGACCACAGCCCAA
ACTAAACCCCGTTTCACATTTCAGGCCACGCGCGTTAAATACCCGCGAAAATAGCATTTTCCAGTCAGCCCTCTTTCCCTCAACTCTGACCACAGCCCAA
ACTAAACCCCGTTTCACATTTCAGGCCACGCGCGTTAAATACCCGCGAAAATAGCATTTTCCAGTCAGCCCTCTTTCCCTCAACT——ACCACAGCCCAA
ACTAAACCCCGTTTCACATTTCAGGCCACGCGCGTTAAATAQCCGCGAAAATAGCATTTTCCAGTCAGCCCTCTTTCCCTCAACT——ACCACAGCCCAA

TATA-box like sequence

Ryofu CGAACCACCACACCAGCCATGGCAACCACCCTCGCCACCGACGTCCGTCTCTCCATCGCACACCAGACCCGCTTCGCCCTCCGC
Harun CGAACCACCACACCAGCC]A CAACCACCCTCGCCACCGACGTCCGTCTCTCCATCGCACACCAGACCCGCTTCGCCCTCCGC
Barke CGAACCACCACACCAGCC] CAACCACCCTCGCCACCGACGTCCGTCTCTCCATCGCACACCAGACCCGCTTCGCCCTCCGC
Kenda CGAACCACCACACCAGCC) CAACCACCCTCGCCACCGACGTCCGTCTCTCCATCGCACACCAGACCCGCTTCGCCCTCCGC
Copel CGAACCACCACACCAGCCATGGCAACCACCCTCGCCACCGACGTCCGTCTCTCCATCGCACACCAGACCCGCTTCGCCCTCCGC
Harri CGAACCACCACACCAGCCA CAACCACCCTCGCCACCGACGTCCGTCTCTCCATCGCACACCAGACCCGCTTCGCCCTCCGC
translation initiation codon
B

Ryofu
Harri
Copel
Kenda
Akagi
Barke

Ryofu
Harri
Copel
Kenda
Akagi
Barke

Ryofu
Harri
Cople
Kenda
Akagi
Barke

Ryofu
Harri
Copel
Kenda
Akagi
Barke

Ryofu
Harri
Copel
Kenda
Akagi
Barke

GGTCACATGACGTGTATTAATCTCCACATAACTCCAATGTTTTAGAGAATTCAGACGTGTTCCAGAAGTTGGTGGCTCTCCGAGATATATAC————
GGTCACATGACGTGTATTAATCTCCACATAACTCCAATGTTTTAGAGAATTCAGACGTGTTCCAGAAGTTGGTGGCTCTCCGAGATATATAC————
GGTCACATGACGTGTATTAATCTCCACATAACTCCAATGTTTTAGAGAATTCAGACGTGTTCCAGAAGTTGGTGGCTCTCCGAGATATATAC—————
GGTCACATGACGTGTATTAATCTCCACATAACTCCAATGTTTTAGAGAATTCAGACGTGTGCCAGAAGTTGGTGGCTCTCCGAGATATATACGATCGATT
GGTCACATGACGTGTATTAATCTCCACATAACTCCAATGTTTTAGAGAATTCAGACGTGTGCCAGAAGTTGGTGGCTCTCCGAGATATATACGATCGATT
GGTCACATGACGTGTATTAATCTCCACATAACTCCAATGTTTTAGAGAATTCAGACGTGTTCCAGAAGTTGGTGGCTCTCCGAGATATATAC———

(TTTGTTGTGAGATACATATCCTTCTCAAATT
QT TTGTTGTGAGATACATATCCTTCTCAAATT
(I TTGTTGTGAGATACATATCCTTCTCAAATT
TCTTCCGAGAACCAGATGACGCGACGGTGACTAATTAAAGGGCACCTAAAAGCCACTTTTATTTGCCTITATATTGTGAGATACATAGCCCTCTCAAGTT
TCTTCCGAGAACCAGATGACGCGACGGTGACTAATTAAAGGGCACCTAAAAGCCACTTTTATTTGCCTTTATATTGTGAGATACATAGCCCTCTCAAGTT
QI TTGITGTGAGATACATATCCTTCTCAAATT
F K lllolior Jok deRlloRk Kok
TATA-box like sequence
GCTTGTACGCTGTCTTTTGGCCTGCACACTCCAGATAACTCCAAGTTCTGACCTAAACGCACCTGTTAAATATCCACCCAACACCCATGCACACTGTACT
GCTTGTACGCTGTCTTTTGGCCTGCACACTCCAGATAACTCCAAGTTCTGACCTAAACGCACCTGTTAAATATCCACCCAACACCCATGCACACTGTACT
GCTTGTACGCTGTCTTTTGGCCTGCACACTCCAGATAACTCCAAGTTCTGACCTAAACGCACCTGTTAAATATCCACCCAACACCCATGCACACTGTACT
GCTTGTACGCTGTCTTTTGGCCGGCGCTCTGCAC CCTGTTAAATATCCACCCAACACCCATGCAAACTGTACT
GCTTGTACGCTGTCTTTTGGCCGGOGCTCTGCAC CTGTTAAATATCCACCCAACACCCATGCAAACTGTACT
GCTTGTACGCTGTCTTTTGGCCTGCACACTCCAGATAACTCCAAGTTCTGACCTAAACGCACCTGTTAAATATCCACCCAACACCCATGCACACTGTACT
seliclioRioRioliolok ok K ok ok
Mkal

TCCCAGTCATTCCGTCTTCTTCTCTCAGATCTAAGCAAAAAGTCAGACGAACCACAACCACCGCOA
TCCCAGTCATTCCGTCTTCTTCTCTCAGATCTAAGCAAAAAGTCAGACGAACCACAACCACCGCOA
TCCCAGTCATTCCGTCTTCTTCTCTCAGATCTAAGCAAAAAGTCAGACGAACCACAACCACCGCOA
TCCCATTCATTCCCTCTTCT——TCTCAAATCTAAGCAAAAAGTCAGACGAACCACAACCACCGCOA
TCCCATTCATTCCCTCTTCT——TCTCAAATCTAAGCAAAAAGTCAGACGAACCACAACCACCGCOA
TCCCAGTCATTCCGTCTTCTTCTCTCAGATCTAACCTAAAAGTCAGACGAACCACAACCACCGCOA
solotolok selololololol olioolok stololotol_ololololok sk
BglII site (AGATCT)

Mkab1
CAACCACCCTCACCACCGACCTCCGCCTCTC
CAACCACCCTCACCACCGACCTCCGCCTCTC
CAACCACCCTCACCACCGACCTCCGCCTCTC
GGCAACCACCCTTGCCACCGACCTCCGCCTCTC
CAACCACCCTTGCCACCGACCTCCGCCTCTC
CAACCACCCTTGCCACCGACCTCCGCCTCTC

translation initiation codon

CATCGCGCACCAAACC%%R%TCGGCCTCCGCCTCGCCTCCGCCATCTCCT%%E%%%CCGAGTCTGCTGCCACCAACG
CATCGCGCACCAAACCCGATTCGGCCTCCGCCTCGCCTCCGCCATCTCCTCCGACCCCGAGTCTGCTGCCACCAACG
CATCGCGCACCAAACCCGATTCGGCCTCCGCCTCGCCTCCGCCATCTCCTCCGACCCCGAGTCTGCTGCCACCAACG
CATCGCGCACCAAACCCGATTCGGCCTCCGCCTCGCCTCCGCCATCTCCTCCAACCCCGAGTCTGCTGCCACCAACG
CATCGCGCACCAAACCCGATTCGGCCTCCGCCTCGCCTCCGCCATCTCTTCCAACCCCGACTCTGCTGCCACCAACG
CATCGCGCACCAAACCCAATTCGGCCTCCGCCTCGCCTCCGCCATCTCCTCCAACCCCGACTCTGCTGCCACCAACG

HinfT sitel (GANTC)

Mkal and Mbl are effective for the estimation of protein  proteins Z4 and Z7. These cultivars were classified into

Z77 content in barley grain.

pZ4-L and pZ4-H for protein Z4, and pZ7-L and pZ7-H for
protein Z7 according to the genotyping by the CAPS

The relationships between genotypes of proteins Z4
and Z7, and beer foam stability

The malts from the ten cultivars (Table 1) used in the pilot
brewing test were genotyped by the CAPS markers for

@ Springer

markers. The mean NIBEM values in each genotype were
compared (Fig. 6). In these haplotype comparisons for
proteins Z4 and Z7, the mean NIBEM value for the pZ4-H
and pZ7-L was significantly higher than that in the pZ4-L
and pZ7-H, respectively. These results suggest that the
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1500bp
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500bp

500bp
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200bp

100bp

Fig. 4 The image of agarose gel electrophoresis of the PCR products
treated with Accl (for protein Z4) (a), and Bg/II and Hinfl (for protein
Z7) (b). a L and H indicate pZ4-L and pZ4-H in the genotype of
protein Z4, respectively. b L, L2 and H indicate pZ7-L, pZ7-L2 and
pZ7-H in the genotype of protein Z7, respectively. The molecular
sizes of the amplified products of protein Z4 and protein Z7 were

02000
02004
82008

protein Z4 (ng/ug protein)
%3
(=]

pZ4-H pZ4-L

Fig. 5 Average protein Z4 (a) and protein Z7 (b) contents in protein
74 genotypes of pZ4-L and pZ4-H, and protein Z7 genotypes of pZ7-
H, pZ7-L and pZ7-L2. The 23 cultivars (the cultivar names shown in
Fig. 2) grown under the recommended management practices in

1,994 and 401 bp for Ryofu, respectively. Digestion of the protein Z4
1,994 bp fragment by Accl resulted in 1,317 and 677 bp restriction
fragments for pZ4-L and 1,994 bp (not digested) for pZ4-H. Double
digestion of the protein Z7 fragment by Bg/Il and Hinfl resulted in
251, 91 and 59 bp restriction fragments for pZ7-H, 389 and 59 bp for
pZ7-L and 251 and 150 bp for pZ7-L2

02000
02004
2008

protein Z7 (ng/|Lg protein)
[}
[=}

pZ7-H .‘ pZ7-L pZ7-L2
Gunma prefecture, Japan, in 2000, 2004 and 2008 were used for the
analysis. **P < 0.01 between pZ4-L and pZ4-H (a), pZ7-H and pZ7-

L, and pZ7-H and pZ7-L2 (b) in each production year

Fig. 6 Average NIBEM in A 280 B 280

pZ4-H and pZ4-L in protein Z4

(a), and pZ7-H and pZ7-L in 270 270 [**
protein Z7 (b) genotypes. The — [** -~

genotypes of protein Z4 and § 260 8 260

protein Z7 was determined for S 250 \ = 250 l
barley cultivars used in 24 beer g [ gg T

samples shown in Table 1. g 240 1 g 2401

Subsequently, The NIBEM l

values in each genotype were 230 - l 2301

averaged and compared. 20 20

**P < 0.01 pZ4-H (n=10)
CAPS marker is valid for selecting varieties or breeding
lines with potentially higher beer foam stability.

Proteins Z4 and Z7 haplotypes in worldwide malting
barley varieties

To survey the potential level of beer foam stability for a
selection of international malting barley varieties, 64 cul-
tivars collected were classified into four groups based on

pZ4-L (n=14)

pZ7-H (n=15) pZ7-L (n=9)
the CAPS marker genotypes (Table 3). More than half of
the Japanese cultivars were in Group IV (lower foam sta-
bility type), and only one was in Group I (higher foam
stability type). Conversely, none of the North American
cultivars surveyed were observed with the pZ4-L haplotype
for protein Z4. Of the 12 cultivars, 5 were classified into
Group III (medium foam stability type) in Australian cul-
tivars. In contrast to the Japanese cultivars, more than half
of the European cultivars were grouped into Group I, and
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Table 3 Protein Z4 and protein Z7 genotypes in 64 malting barley
cultivars

Genotype
Protein Z4 pZ4-H pZ4-H pZ4-L pZ4-L
Protein Z7 pZ7-L or  pZ7-H pZ7-L or pZ7-H

pZ7-L2 pZ7-L2

Group I Group I Group Il Group IV
Japan 3 5 12
North America 5 6 0 0
Australia 3 5 2
Europe 13 0 6

only one cultivar was in Group IV. These results suggested
that many Japanese cultivars have a disadvantage with
respect to potential beer foam stability.

Discussion

As shown in Fig. la, beer foam stability (NIBEM) was
significantly correlated with beer protein Z4 (r = 0.788,
R* = 0.621). The result suggests that protein Z4 is a useful
foam-positive marker. Evans et al. (1999a) also observed
that the relationship between malt protein Z4 and beer
foam stability was significant. The importance of protein
Z4 with respect to foam stability was perhaps not surpris-
ing as Douma et al. (1997) and Maeda et al. (1991) sug-
gested that a 40-kDa protein, or protein Z4, had the foam
beneficial characteristics of having the highest surface
viscosity and elasticity among beer proteins. On the other
hand, Hollemans and Tonies (1989) had observed that the
removal of the 40 kDa protein from beer resulted in only
10% reduction of foam stability indicating that factors
other than protein Z were also important for foam stability.
To confirm the relationship between foam stability and
protein Z4 more directly, further investigations, such as
estimating the effect of adding purified protein Z4 to beer,
are necessary to confirm the “cause and effect” relation-
ship between protein Z4 and improved beer foam stability.

The relationship between beer protein Z7 and foam
stability was also significant but negative (r = —0.636,
R? = 0.405) (Fig. 1b). Beer protein Z7 has not been well
investigated except for Evans and Hajgaard (1999) and
Evans et al. (1999a, b) and they indicated that no significant
correlation was observed between foam stability and malt
protein Z7. In their report, foam stability was determined by
the Rudin method (Bishop et al. 1975) which was different
from the NIBEM method used in this study. These methods
place somewhat different emphasis on foam stability factors
and give different results (as outlined by Evans et al. 2008).
In this study protein Z7 was potentially a foam-negative
marker (Fig. 1b), in contrast to Evans et al. (1999a) where
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the relationship with foam stability was not significant. The
reason why protein Z4 and protein Z7 showed reverse
effects on beer foam stability has not been resolved. This is
despite proteins Z4 and Z7 having high sequence identity
(72%, Dahl et al. 1996) in their amino acid sequences.
Although these relationships between proteins Z4 and Z7
are practically useful for cultivar selection, they neither
confirm nor deny a direct causal mechanism between these
proteins and foam stability.

Evans and Hajgaard (1999) and Evans et al. (1999b)
indicated that 80% of protein Z was of the protein Z4
isoform while 20% was protein Z7 on average. In this
study, protein Z4 was also the dominant isoform consti-
tuting 63.7% of total protein Z on average (Fig. 2). How-
ever, the ratio of protein Z4 to protein Z7 was considerably
different between cultivars. It was lower in Japanese cul-
tivars such as Haruna Nijo (31.3%), Ryofu (40.9%) and
Hokuiku39 (34.7%) than CDC Kendall (78.4%), SloopSA
(82.9%) and Betzes (79.8%). The cultivars with lower ratio
of protein Z4 to protein Z7 have the genotypes character-
ized as pZ4-L and pZ7-H, and the cultivars with a higher
ratio have the genotypes of pZ4-H and pZ7-L. Based on
these results, it is suggested that the ratio of protein Z4 to
protein Z7 in barley grain was determined by the genotypes
of proteins Z4 and Z7.

Figure 2 showed genetic variation in grain proteins Z4
and Z7 contents among 23 barley cultivars. Evans et al.
(1999a, b) also revealed that proteins Z4 and Z7 contents in
barley malt depended on barley cultivars, with three and
two different groupings evident, respectively. Additionally,
Evans et al. (1999b) identified the genomic regions asso-
ciated with the malt proteins Z4 and Z7 contents, which
located in or near structural genes of proteins Z4 and Z7,
respectively, by QTL analysis. In this study, polymor-
phisms were found in the upstream sequence of the trans-
lation initiation codon for proteins Z4 and Z7. From these
sequences, CAPS markers for grain proteins Z4 and Z7
contents were developed. It was assumed that the SNPs
(M1, M2, M3 and M4) shown in Fig. 3a could be used to
classify the level of protein Z4 content. Brandt et al. (1990)
indicated a TATA box-like sequence 79 bp upstream from
translation initiation codon for protein Z4. As shown in
Fig. 3a, an SNP (M4) is positioned within the TATA box-
like sequence, and might directly affect protein Z4
expression level during grain maturation. For protein Z7, a
number of sequence polymorphisms were observed
(Fig. 3b). Of these, Mkal and Mbl may be effective
markers for the selection of barley cultivars with different
levels of protein Z7. In the protein Z7 sequence shown in
Fig. 3b, SNPs in the TATA box-like sequence specific to
Kendall and Akagi Nijo (both with lower protein Z7 con-
tent) were observed 169 bp upstream from translation ini-
tiation codon. These SNPs might influence the expression



Theor Appl Genet (2011) 122:199-210

209

level of protein Z7. However, the TATA box-like sequence
for Barke (lower protein Z7 content) was coincident with
that for Ryofu and Harrington (both with higher protein Z7
content). The polymorphism(s), which alone control the
protein Z7 content in Barke are still unknown, but this
suggests that the mechanism to control protein Z7 content
in Barke might be different from that in Kendall and Akagi
Nijo.

Evans et al. (1999b) and Evans and Bamforth (2009)
identified three categories of combined protein Z4 (low,
intermediate and high) and two categories of combined
protein Z7 (low and high) in barley malt. The high protein
Z4 cultivars (pZ4-H), Alexis, Bonanza, Gairdner and
Harrington, and low protein Z4 categories (pZ4-L) for
Schooner, were coincident with the high and intermediate
categories described by Evans et al. (1999a). In this study,
low protein Z4 cultivars such as Pirkka (Europe), Morex
and Karl (North America) were not assessed. Their clas-
sifications for protein Z7 were also coincident for Alexis,
Harrington and Schooner. However, our CAPS marker
identified Bonanza and Gairdner as pZ7-H, which was
different from the classification by Evans et al. (1999b).
This might have been because they categorized cultivars
based on the malt protein Z7 content.

As shown in Fig. 6, the foam stability of the cultivars
with the pZ4-H and pZ7-L was significantly higher than
that with the pZ4-L and pZ7-H, respectively. The results
demonstrate that the genotyping of proteins Z4 and Z7 by
the CAPS markers was valid for selection of single plants
and lines with higher foam stability in barley breeding.
A number of reports suggested that beer proteins derived
from barley malt, such as protein Z4 (Evans and Hajgaard
1999; Evans et al. 2003; Iimure et al. 2008; Maeda et al.
1991), LTP1 (Perrocheau et al. 2006; Sorensen et al. 1993;
van Nierop et al. 2004) and BDAI-1 (Iimure et al. 2008;
Okada et al. 2008) contribute to beer foam stability.
However, an efficient DNA marker system for the selection
of beer foam stability had not been developed until this
study. This report therefore provides the first DNA marker
assisted system for the selection of beer foam stability. By
using the current marker system, the selection for beer
foam stability can even be applied to F, populations.

These markers will however need further validation
because, proteins Z4 and Z7 contents in barley grain may
change under different environmental conditions (Evans
et al. 1999b) and perhaps during malting. As shown in
Fig. 2, the protein Z contents varied between growing
years. However, the results shown in Figs. 2 and 5 also
suggested that the genotypes of proteins Z4 and Z7 sig-
nificantly influence these protein contents in the same
environmental conditions. Therefore, both environmental
and genetic effects are important for barley grain proteins
Z4 and Z7 contents. To produce beer with higher foam

stability, proteins Z4 and Z7 contents in grain and/or malt
should be confirmed in terms of the relative levels of the
protein Z forms (i.e., ELISA) in addition to the marker
selection.

As shown in Table 3, more than half of the Japanese
cultivars examined were classified into the pZ4-L and pZ7-
H haplotypes. To develop cultivars with higher beer foam
stability in Japanese breeding programs, parents with the
pZA-H and pZ7-L genotypes should be used for crossing.
All 11 North American cultivars examined had the pZ4-H
haplotype and 6 had the pZ7-H haplotype. Therefore, to
improve beer foam stability, selection of the pZ7-L hap-
lotype should be effective for North American breeding
programs whereas the selection of pZ4-H would be a rea-
sonable strategy in European breeding programs. Selection
of both pZ4-H and pZ7-L genotypes maybe useful in
Australian breeding programs. Importantly, the selection
for specified haplotypes at proteins Z4 and Z7 will have the
potential in improving beer foam stability early in barley
breeding programs.

Acknowledgments We express our deep appreciation to D.E.
Evans, University of Tasmania, Australia, for supplying the protein
Z7 antibody. We are also grateful to Y. Yamaguchi, N. Yatabe and
K. Ito, Bioresources Research and Development Department, Sapporo
Breweries, Ltd., for their technical assistance.

References

Bamforth CW (1985) The foaming properties of beer. J Inst Brew
91:370-383

Bishop L, Whitear AL, Inman WR (1975) The quantitative measure-
ment of foam stability. J Inst Brew 81:131-135

Bradford MM (1976) A rapid and sensitive method for the
quantization of microgram quantities of protein utilizing the
principle of protein-dye binding. Anal Biochem 72:248-254

Brandt A, Svendsen I, Hejgaard J (1990) A plant serpin gene.
Structure, organization and expression of the gene encoding
barley protein Z4. Eur J Biochem 194:499-505

Dahl SW, Rasmussen SK, Hejgaard J (1996) Heterologous expression
of three plant serpins with distinct inhibitory specificities. J Biol
Chem 271:25083-25088

Dale CJ, Young TW (1987) Rapid methods for determining the high
molecular weight polypeptide components of beer. J Inst Brew
93:465-467

Douma AC, Mocking-Bode M, Kooijman M, Stolzenbach E, Orsel R,
Bekkers ACAPA, Angelino SAGF (1997) Identification of foam-
stabilizing proteins under conditions of normal beer dispense and
their biochemical and physicochemical properties. In: Proceed-
ings of the 26th Congress, European Brewery Convention,
Maastricht, IRL Press, Oxford, pp 671-679

European Brewery Convention, Analytica (1987) European brewery
convention, 4th edn. Brauerei und Getraenke Rundschau, Zurich

Evans DE, Bamforth CW (2009) Beer foam: achieving a suitable
head. In: Bamforth CW, Russell I, Stewart GG (eds) Handbook
of alcoholic beverages: beer a quality perspective. Elsevier,
Burlington, MA, pp 1-60

Evans DE, Hajgaard J (1999) The impact of malt derived proteins on
beer foam quality. Part I. The effect of germination and kilning

@ Springer



210

Theor Appl Genet (2011) 122:199-210

on the level of protein Z4, protein Z7 and LTPI1. J Inst Brew
105:159-169

Evans DE, Sheehan MC (2002) Don’t be fobbed off: the substance of
beer foam—a review. ] Am Soc Brew Chem 60:47-57

Evans DE, Sheehan MC, Stewart DC (1999a) The impact of malt
derived proteins on beer foam quality Part II: the influence of
malt foam-positive proteins and non-starch polysaccharides on
beer foam quality. J Inst Brew 105:171-177

Evans DE, Ratcliffe M, Jones BL, Barr AR (1999b) Variation and
genetic control of foam-positive proteins in Australian barley
varieties. In: Proceedings of the 9th Australian Barley Technical
Symposium, Melbourne, Victoria, pp 3.6.1-3.6.6

Evans DE, Robinson LH, Sheehan MC, Tolhurst RL, Hill A, Skerritt
JS, Barr AR (2003) Application of immunological methods to
differentiate between foam-positive and haze-active proteins
originating from malt. J Am Soc Brew Chem 61:55-62

Evans DE, Surrel A, Sheehy M, Stewart DC, Robinson LH (2008)
Comparison of foam quality and the influence of hop a-acids and
proteins using five foam analysis methods. J Am Soc Brew
Chem 66:1-10

Francia E, Tacconi G, Crosatti C, Barabaschi D, Bulgarelli D, Aglio
ED, Vale G (2005) Marker assisted selection in crop plants. Plant
Cell, Tissue Organ Cult 82:317-342

Gibson CE, Evans DE, Proudlove MO (1996) Protein Z4 and beer
foam. Ferment 9:81-84

Hollemans M, Tonies ARJM (1989) The role of specific proteins in beer
foam. In: Proceedings of the 22nd Congress, European Brewery
Convention, Maastricht, IRL Press, Oxford, pp 561-568

Iimure T, Takoi K, Kaneko T, Kihara M, Hayashi K, Ito K, Sato K,
Takeda K (2008) Novel prediction method of beer foam stability
using protein Z, barley dimeric alpha-amylase inhibitor-1
(BDAI-1) and yeast thioredoxin. J Agric Food Chem
56:8664-8671

Timure T, Nankaku N, Hirota N, Tiansu Z, Hoki T, Kihara M, Hayashi
K, Ito K, Sato K (2010) Construction of a novel beer proteome
map and its use in beer quality control. Food Chem 118:566-574

Kaneko T, Hirota N, Yokoi S, Kanatani R, Ito K (1999) Molecular
marker for protein Z content in barley (Hordeum vulgare L.).
Breed Sci 49:69-74

Liu YG, Whittier RF (1995) Thermal asymmetric interlaced PCR:
automatable amplification and sequencing of insert end frag-
ments from Pl and YAC clones for chromosome walking.
Genomics 25:674-681

Maeda K, Yokoi S, Kamada K, Kamimura M (1991) Foam stability
and physicochemical properties of beer. ] Am Soc Brew Chem
49:14-18

@ Springer

Okada Y, limure T, Takoi K, Kaneko T, Kihara M, Hayashi K, Ito K,
Sato K, Takeda K (2008) The influence of barley malt protein
modification on beer foam stability and their relationship to the
barley dimeric alpha-amylase inhibitor-1 (BDAI-1) as a possible
foam-promoting protein. J Agric Food Chem 56:1458-1464

Paris M, Jones MGK, Eglinton JK (2002) Genotyping single
nucleotide polymorphisms for selection of barley [-amylase
alleles. Plant Mol Biol Rep 20:149-159

Perrocheau L, Rogniaux H, Boivin P, Marion D (2005) Probing heat-
stable water-soluble proteins from barley to malt and beer.
Proteomics 5:2849-2858

Perrocheau L, Bakan B, Boivin P, Marion D (2006) Stability of barley
and malt lipid transfer protein 1 (LTP1) toward heating and
reducing agents: relationships with brewing process. J Agric
Food Chem 54:3108-3113

Potokina E, Prasad M, Malysheva L, Roder MS, Graner A (2006)
Expression genetics and haplotype analysis reveal cis regulation
of serine carboxypeptidase I (Cxpl). a candidate gene for malting
quality in barley (Hordeum vulgare L.). Function Integr Genom
6:25-35

Rasmussen SK (1993) A gene coding for a new plant serpin. Biochim
Biophys Acta 1172:151-154

Roberts TH, Marttila S, Rasmussen SK, Hejgaard J (2003) Differ-
ential gene expression for suicide-substrate serine proteinase
inhibitors (serpins) in vegetative and grain tissues of barley.
J Exp Bot 54:2251-2263

Siebert KJ, Knudson EJ (1989) The relationship of beer high
molecular weight protein and foam. Tech Q Master Brew Assoc
Am 26:139-146

Simpson WIJ, Hughes PS (1994) Stabilization of foams by hop-
derived bitter acids: chemical interactions in beer foam. Cere-
visia Biotechnol 19:39-44

Sorensen SB, Bech LM, Muldbjerg M, Beenfeldt T, Breddam K
(1993) Barley lipid transfer protein 1 is involved in beer foam
formation. Tech Q Master Brew Assoc Am 30:136-145

Stowell KC (1985) The effect of various cereal adjustments on the
head retention properties of beer. In: Proceedings of the 20th
Congress, European Brewery Convention, Maastricht, IRL Press,
Oxford, pp 507-513

van Nierop SNE, Evans DE, Axcell BC, Cantrell IC, Rautenbach M
(2004) Impact of different wort boiling temperatures on the beer
foam stabilizing properties of lipid transfer protein 1. J Agric
Food Chem 52:3120-3129



	Development of DNA markers associated with beer foam stability for barley breeding
	Abstract
	Introduction
	Materials and methods
	Barley and malt samples
	Beer processing
	Determination of proteins Z4 and Z7 concentrations
	PCR and thermal asymmetric interlaced (TAIL) PCR
	Statistical analyses

	Results
	The relationships between beer protein Z4, protein Z7 and foam stability
	Genetic variation of proteins Z4 and Z7 contents in barley grain
	Construction of CAPS marker for barley grain protein Z4 content
	Construction of CAPS marker for barley grain protein Z7 content
	The relationships between genotypes of proteins Z4 and Z7, and beer foam stability
	Proteins Z4 and Z7 haplotypes in worldwide malting barley varieties

	Discussion
	Acknowledgments
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /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
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 149
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 149
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /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
  /CropMonoImages true
  /MonoImageMinResolution 599
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /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)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /DEU <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice


