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Variation for amylose content in wheat cultivars carrying

different null alleles at the Wx loci

E. Arakt', H. Miura', N. Waranape? and S. Sawapa'

(Received : May 15, 1998)

Abstract

The wheat Wx proteins, controlling amylose synthesis in the endosperm, are the
product of the Wy genes at a Lriplicate set of single-copy homoeoloci located on
chromosomes 7A (WA, 4A (W B1) and 7D (We-DI). Using a range of cultivars
carrying the different null alleles at the Wi loci, variation for amylose content was
investigaled to determine the effects of each null allele on changing the content.
Amvlose content varied from 20% to 25% (100 mg starch base). A highly significant
correlation was detected belween the field-grown and growth chamber materials,
indicating that amylose content is genotype-dependent. Genetic variation was mostly
attributable to the differences hetween the five allele types at the Wx loci, indicating
that the cultivar difference in amylose contenl is primarily under control of the Wx
loci. 1L was confirmed that the effect of the null Wi-B3{5 on reducing amylose content
is largest among the three null Wy alleles.  Five cultivars carrying the Wx-B1b allele
showed a significant variation by about 29 of amylose content, suggesting that a part
of amylose synthesis is alfected by genes located on background chromosomes. It
appeared that a combined effect of the null Wa-BTH with Wi-A16 on reducing amylose

content was nol additive and led to lower content than the expected vne.
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INTRODUCTION tries such as Japan, China and Korea.

Starch is the major component of wheal
(Triticum aestivwm L) grain, and its quality is
extremelv important in producing marketable
wheat for end uses.  The flour from soft wheat is

often processed into the noodles in Asian coun-
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gelatinization of starch is desirable for the proc-
essing and eating qualities of noodle (Moss, 1979 ;
Oda et al., 1980 : Lee ¢/ «f., 1987 ; Toyokawa ¢f
al., 1989). The storage starch in the endosperm
usually consists of two carbohydrate polymers,

amylose and amylopectin.  The ratio of amylose
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to amylopectin, that is the apparent amylose
content, varies from 21% to 309% (mg of amylose,
100 mg of flour) in Japanese cultivars (Kuroda e/
al., 1989). There is a strong relation between the
amylose content and amount of the Wx proteins
(Yamamori ¢/ al., 1992 ; Miura and Tanii, 1994),
providing a strong evidence that wheat Wx pro-
teins are involved in amylose synthesis. Wheat
has three distinct Wx proteins which are the
products of the Wx genes at a triplicate set of
single-copy homoeoloci located on chromosomes
TA (Wx-A1), 4A (Wx-B1) and 7D ( Wa-D1) (Chao et
al., 1989). The ability of amylose synthesis is
different among the Wx genes, being the largest
ahility of the Wx-Bla, followed by either Wx-A 1a
or We-Da (Miura ef «f., 1994 ; Miura and Sug-
awara, 1996).

For the noodle manufacture, low-amylose-
content cultivars have been preferred (Yamamori
et al., 1992 ; Miura and Tanii, 1994). The Aus-
tralian Standard White (ASW), a wheat brand
composed of several cultivars and highly regard-
ed in markets, has a reduced amylose content and
suitable stickiness of noodles. ASW and
Japanese cultivars which have been accepted into
noodle classification are frequently lack the
Wx-B1 protein (Miura and Tanii, 1994 ;
Yamamori ¢ al., 1994 ; Zhao and Sharp, 1995).
The fact supports the predominant effect of lack-
ing the Wx-B1 protein due to the inactive Wx-£1b
allele on reducing amylose content.

However, whether cultivars lacking the Wx-
Bl protein vary for amylose content is not well
documented. We also do not know how lacking
either the Wx-A1 protein or Wx-D1 protein affect
amylose content. In this experiment, using a
range of spring wheats carrving the dfferent null
Wx alleles, the effects of each allele on changing

amylose content were investigated.
MATERIALS AND METHODS

Plant materials

13 cultivars listed in Table 1 were used.
They consist of three Japanese cultivars, Kanto
82, Kanto 79 and Kanto 107, five of the cultivars
Cadoux, Eradu, Gamenya, Halberd and Kulin
from Australia, and Bai Huo from China. Pena-
wawa, Wadual and Wawawai were provided by
Dr. C. Kenzak, Wasington State University, USA.
Chinese Spring (CS) was included as a check.
They were grown under two environmental condi-
tions, the experiment field of Obihiro Usiversity
and the growth chamber, in the 1995 growing
season.  Wadual and Wawawal were raised only
in the growth chamber.

Six plants of each cultivar were grown in the
growth chamber with a mean temperature of 20°C
(day/night ; 24°C/16°C). In the field trial, each
cultivar was represented by a single plot of 12
plants, spaced 10 em between plants within a row
and 30 cm hetween rows. The experiment plots
were covered with transparent vinyl in order to
protect from prebarvest sprouting shortlly after
anthesis. Harvesting was carried out at matu-
rity, and ears were hand-threshed in both experi-

ments.

Amylose content

50-100 g grain samples conditioned to about
14% moisture content were milled on a Brabender
Quadrant Junior Test Mill to produce flour of a
609% extraction. Starch granules were separated
[rom the resultant flour in accordance with con-
ventional methods. The amylose content was
colorimetrically estimated using the Auto Anal-
yzer System (Bran+ Lubbe Co Ltd.) in Hokkaido
Prefectural Kitami Agricultural Experiment Sta-
tion and expressed as a percentage of apparent
amylose content per 100 mg of starch granules.
The assessment was carried out at least in tripli-

cate.

ldentification of the Wx alleles
Starch granule from mature grain was pre-
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Table 1. The production of Wx proteins and identification of the alleles at the Wx loci of the cultivars used

in the experiment

Cultivars

Production of the Wx proteins

Kanto 82

Alleles at the Wx loci
Wx-Al Wx-Bl Wx-DI

CS, Kulin, Wadual, Wawawai + + Wye-Ala, Wx-Bla, Wx-Dla

+ + Wx-Alh, Wi-Bla, Wa-Dia

Cadoux, Eradu. Gamenya == 4 Wx-Ala, Wx-Blb, Wy-Dila
ITalberd. Penawawa

Bai Huo + = Wx-Ala, WxBla, WeDib

== Wx-Alb, WaBib, Wx-Dlia

Kanto 79, Kanto 107 a

pared with SDS extraction buffer which consisted
of 0.55 M I'ris-1LICI pH 6.8, 2.3% SDS, 5% 2 mer-
captoethanol and 10% glycerol (Echt and Schwar-
tz, 1981).
the SDS buffer, and then twice with acetone.

Starches were washed three times with

An aliquot of 10 mg of each starch granule
sample was mixed 400 g1 of lysis buffer contain-
ing 8 M urea, 2% Nonidet-P 40, 2% ampheoline pH
3.5-10, 3% 2 -mercaptoethanol and 5% polyvinyl-
pyrrolidone.  The solutions were hoiled for 1
min, and then centrifuged at 12000 rpm for 5 min
at 4°C. Using the supernatant, the null alleles at
the Wy loci of each cultivar were determined as
lacking of particular Wx proteins encoded by the
loci, employing the modified 2D-PAGE system
(Nakamura e al., 1993).
were in the ratio of 30:0.135 acrylamide/bis

159, separating gels
acrylamide. After electrophoresis, proteins were
slained with silver-stain kits (Wako Pure Chemi-

cal Industry Ltd).
RESULTS

The Wx alleles of cullivars examined were
unambiguously identified by the 2D-PAGE pat-
tern of Wx proteins and classified into five types
of Table 1. CS, Kulin, Wadual and Wawawai
produced all of the three Wx proteins.  Kanto 82
was deficient {or the Wx-Al protein and Bai Huo
lacked the Wx-D1 protein. Of the remaining
seven cultivars, Kanto 79 and Kanto 107 produced

only the Wx-D1 protein. and four cultivars from

— N

the ASW and Penawawa were the deficient of the
Wx-B1 protein.

Amylose content varied from 20.7% to 24.9%
in the field-grown materials, and from 19.3% to
25.29% in the growth chamber materials (Table 2).
The correlation coefficient between the two
growth conditions was highly significant (r=10.94,
P<0.01).
in field-grown matemials, and 25.18% in growth
chamber materials. Kanto 107 and Kanto 79
lacking both the Wx-Al and Wx-Bl proteins
exhihited the lowest content in both growth condi-

The amylose content of CS was 24.89%

tions, being about a 5% lower content than CS.
Cadoux, Eradu, Gamenya, Halberd and Penaw-
awa lacked the Wx-Bl protein, and produced
grains with 1-3% lower content than CS. While
the amylose content of Kanto 82 with the Wx-Alb
was not different from that of CS, Bai lluo with
the Wa-D16 showed 1-2% lower content. Kulin
had three Wx proteins, but exhibited a 1.29% lower
amylose content than CS, over the two growth
conditions.

The result of analysis of variance shown in
Table 3 indicated that the difference in amylose
content between cultivars was remarkable,
compared to the varialions caused by growth
conditions and the cultivar x condition interac-
tion. Partitioning of the genetic variation fur-
ther revealed that the cultivar difference was
largely attributable to the dilferences between the
five allele types at the Wx loci, while variation
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within the types was still significant.

Table 2. The deviations for amylose content of the
cultivars from CS, grown in the field and growth
chamber

Cultivars Deviations from CS (%)
Field Growth chamber

Kulin - Ba —1.20*%
Wadual —0.28
Wawawai = —1{).136
Kanto 82 .38 —(.61
Cadoux 1.42* 1.09*
Eradu — RN — 2.
Gamenya —1.20* —1, 15*
ITalherd 95 = AR
Penawawa =2 Tare —2 Bi¥ee
Bai Huo —).97 —3.
Kanto 79 G I G
Kanto 107 I .57 ek
Cs 24 .89 25.18

¥, ***; Significantly ditferent from CS al the 5% and
0.1% levels, respectively.

Table 3. Analysis of variance of amylose cantent of
the 11 cultivars grown in the field and growth cham-
ber

Item dl Mean squares

Cultivars, C. 10 15.460%**

Between the Wx allele tvpes 4 b i

Within the Wx allele types 6 S.ol7r
Growth conditions, G, 1 ().378
CxG 10} (). 644
Error 44 0.709
PRI 0L, M P0.00k

DISCUSSION

Variation for amylose content between the
cultivars examined was from about 19 mg to 25
mg per 100 mg starch granules. This almost

v

corresponded to the range of from 21% to 309

(100 mg flour base) detected over 133 cultivars
(Kurada ¢t af., 1989), and suggesting that around
20% amylose is the lowesl limit on a cultivar
level. A highly significant correlation of
amylose content was detected between the field-
grown and growth chamber malerials, indicating
that amylose content is genotype-dependent. A
large part of genetic variation was explained by
the differences between the five allele types at the
Wy loci (Table 3). These indicate that the
cultivar diflerence in amylose content is primarily
under the control of major genes or the Wi loci.
While only one cultivar with null Wx-ATh and
that with null Wx-D17h were included in the experi-
ment, it was clear that the effects of the three null
alleles at the Wa loci on reducing amylose content
are different. The null Wa-£316 reduced amylose
comtent greatly compared Lo the Wx-Alb or the
Wx-D1h alleles.  These resulls agreed with our
previous studies using aneuploid lines and single-
chromosome substitution lines available in CS
(Miura ef af., 1994 : Miura and Sugawara, 1996).

The five cultivars with the Wx-f#1h allele.
however, had a significant variation by about 2%
of amylose content (Tables 2, 3), suggesting that a
part of amyvlose synthesis is affected by genetic
hackground or by the genetic factors independent
of the Wx loci. A small but practical difference
appeared between Kulin and three cultivars, CS.
Wadual and Wawawai, would also support this
hypothesis, since the expression of the Wx pro-
teins was normal and alike in these four cultivars.
Furthermore, whereas Kanto 82 lacking the
Wx-Al protein had about 25% amyvlose and was
not different from C5. Kanto 107 and Kanto 79
which lack both the Wx-A1 and Wx-Bl proteins
exhibited the lowest amvlose content of around
20%.  This reduction by 5%, was not explained
by the sole effect of the Wx-Blh. Hence it
appeared that a combined effect of null Wx-5376
with Wy-A7h on reducing amylose content was

not additive
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Even if the amylose conlent is affected by
genetic background, it is thought that the null
Wy-Bib can produce the most reduced amylose
content compared to other two null Wa-A7bh and
Wa-D16 or to the background genes.  In addition,
except for Kulin, all of the component cultivars of
ASW examined carry the null Wy-B15 allele, and
showed low amvlose content as being suitable for
making Japanese noodle.  So it is confirmed that
the low levels of amylose content in ASW are
ascribable to the null Wa-B4b allele. This would
lead to an idea that the breeding of low-amylosce-
content cultivars will success by introduction of
the null Wa-B16 allele primarily.  Although selec
tion for low amylose in early gencrations could
prove fruitlul, screening in the segregating gener-
ations is impracticable due Lo difficulties in accu-
rate measuring the amylose content on a single-
grain basis.  The Wx proteins are the product of
the W genes. Using a maodified SDS-PAGE
system described by RKagawa ef af. (1988), we
have demonstrated that the Wx proteins of a hall
endosperm can separate readily (Miura and Tanii,
[994).  This mayv permit screening of the grains
with the null Wy alleles in large populations even
in early segregating gencrations like F, and B, F..
The selected hall grain including embrvo will
offer progenies in progressed generations to
assess starch properties such ag low amylose
content and high paste viscosity.

Furthermore, il wheat breeder requires more
reduced amylose content like Kanto 107 and
Kanto 74, minor but significant modifications
would be probable by means of combination of
the We-BIb with other null alleles at the We-A{
and Wx-£2f loci. It is also desirable ta manipu-
late genes located on background chromosomes
which can produce a heneficial variation within
the WaB1b tvpe.
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