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ABSTRACT

The characteristics of starches from 17 endosperm mutant genotypes
in a common Oh43 inbred background were examined by gel-permeation
chromatography (GPC), iodine affinity (IA), and scanning electron
microscopy (SEM). The chain-length distributions of amylopectins were
determined by an enzymatic-chromatographic method. Each genotype
exhibited distinctive GPC elution patterns of its native and isoamylase-
debranched starches and distinctive morphology as noted by SEM. The
amylose-extender (ae), dull-1 (dul), and sugary-1 (sul) genes were asso-
ciated with increased amounts of amylose and intermediate fractions
compared with normal starch. The waxy (wx) gene was epistatic to other
genes relative to the accumulation of amylopectin, which was consistent
with work done elsewhere. The discrepancy in amylose percentage
determined by GPC and IA in some genotypes may have resulted from
the presence of a large amount of intermediate materials in those
genotypes, which could not always be distinguished from amylose by
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the IA method. For example, in ae starch, most of the intermediate
materials were measured as amylose by the IA procedure, whereas in
dul, ae brittle-1 (btl), and ae dul starches, most of the intermediate
materials were excluded from IA measurements. The intermediate
fractions from each genotype in the GPC elution profiles also differed
from each other, suggesting differences in molecular weight and/or
branching. The proportions of long B chains and the average chain length
of amylopectins were increased when the ae gene was present. In contrast,
the dul gene decreased the proportions of the long B chains of amylo-
pectins. The mutants containing the age gene showed low degrees of
branching in amylopectin; mutants containing the dul and/or sul genes
had high degrees of branching. Genetic background played a major role
in determining the fine structure of starch components. The effects of
interactions between recessive mutant genes on the structures and
morphology of different starch genotypes were evident.

Normal maize (Zea mays L.) starch is composed primarily of
essentially linear (amylose) and branched (amylopectin) compo-
nents. The amylose content in normal maize starch ranges from
25 to 30% but can vary among cultivars and especially with the
presence of mutant genes.

Many recessive mutant genes of maize have been identified
that alter the quality and quantity of starch in the endosperm.
The amylose-extender (ae) genotype has a high apparent amylose
content ranging from 50 to 80% (Banks and Greenwood 1975).
In contrast, the waxy (wx) gene is epistatic to all other known
recessive genes for blocking the accumulation of amylose (Ikawa
et al 1981; Yeh et al 1981; Inouchi et al 1983, 1987, 1991; Boyer
and Liu 1985). The brittle-1 (b¢I) mutant increased sugar content
at the expense of starch accumulation (Creech 1965), and the
shrunken-2 (sh2) genotype reduced the starch content to about
30% of the normal amount and dramatically increased the sucrose
content (Holder et al 1974). The sugary (su) mutant synthesizes
and accumulates a highly branched polysaccharide, phyto-
glycogen, to 25% or more of the kernel dry weight (Shannon
and Garwood 1984). In other work, Yeh et al (1981) reported
55% amylose in the dull (du) starch from a sweet corn background.

Moreover, additional variations can be generated when several
recessive genes are combined. Fuwa et al (1987) found the fine
structure of amylopectins to be affected by the recessive gene
(ae or du) coupled with the wx gene. Holder et al (1974) reported
that the presence of sh2 in multiple recessive genotypes inhibited
the effect of the ae gene at increasing amylose content.

Elucidation of the fine structure of amylopectin is the subject
of many current investigations, involving measurements such as
average chain length, the A-B chain ratio, and the chain length
of the exterior and interior chains. Fuwa et al (1987) showed
that, although the wx gene was epistatic to others for amylopectin
production, the fine structure of the starches varied with the
presence of other recessive genes. Inouchi et al (1983) proposed
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that the fine structure of amylopectin was under genetic control.
For example, the ae wx starch had increased long B chains and
decreased short B chains, and the du wx starch had decreased
long B chains and increased short B chains compared with starch
of the wx genotype.

A potentiometric titration method measuring iodine affinity
(IA) has long been employed to determine the amylose content
in the endosperm starch. The estimated amylose is termed
apparent amylose because the occurrence of short chain-length
amylose underestimates the amylose content and amylopectin with
long external chains overestimates the amylose content (Shannon
and Garwood 1984). More recently, gel-permeation chroma-
tography (GPC) has been employed to elucidate the profiles of
starch components. The elution profile of native starch disclosed
that there was no sharp separation between amylopectin and
amylose (Yeh et al 1981, Boyer and Liu 1985). An intermediate
material, consisting of a branched molecule with a molecular
weight lower than that of amylopectin, was present and eluted
between amylopectin and amylose fractions. Whistler and Doane
(1961) obtained intermediate materials ranging from 4.5% of the
total starch amount for normal commercial corn starch to
6.6-8.7% for high-amylose corn starches. They demonstrated that
the properties of the intermediate fractions from different starch
types were similar to each other and were between those of amylose
and amylopectin. The presence of intermediate materials in
amounts greater than just a few percentage points usually is
associated with the presence of the ae gene (Whistler and Doane
1961; Tkawa et al 1978, 1981; Yeh et al 1981; Inouchi et al 1983;
Baba and Arai 1984). The intermediate materials of amylomaize
(50% apparent amylose) were characterized as having four or
five branches with an average chain length (CL) of approximately
50 glucose units, which were linked to a main linear chain
containing 100-150 glucose units (Baba and Arai 1984).

The structure of starch should be considered at both molecular
and granular levels (Banks et al 1973). It is the physical and
mechanical properties of granular starch that determine many
industrial applications. Many researchers have studied elucidating
the morphology of various starches using light microscopy (LM)
(Alsberg 1938, Badenhuizen 1965). Because starch granules are
translucent crystals, they often give images that are difficult to
define with LM. The greatest error comes from the diffraction
effect of light, which may make the interpretation of the internal
and surface structures of starch granules difficult. With scanning
electron microscopy (SEM), only the surface structure of the
starch granule is revealed. Hall and Sayre (1969, 1970, 1971)
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studied the shapes and surface structures of various starches using
SEM, demonstrating the advantages of SEM in determining the
shape and detailed surface characteristics of starch granules.

Although much information is now known about the effects
of some recessive mutant genes of maize on starch properties,
few studies have comprehensively evaluated of the visual and
structural properties of the starch granules from many mutant
genotypes in a common maize background. The objectives of
this study were to characterize the structure and morphology of
starches from 17 maize endosperm mutant genotypes in a common
Oh43 inbred background to help in understanding the influences
of recessive mutant genes on the maize starches.

MATERIALS AND METHODS

Mature kernels of Oh43 inbred (normal) and its single and
double mutants (Table I) were harvested from a summer nursery
near Ames, A, in 1991. Development of the genotypes and
sampling and storing of the kernels have been previously described
(Wang et al, 1992).

Isolation and Preparation of Starch Samples

Starches were isolated according to a small-scale wet-milling
procedure described by White et al (1990). Approximately 5 g
of kernels from each genotype was used for starch extraction.

After extraction from the kernels, starch was preliminarily
defatted by refluxing in 85% methanol for 24 hr and dried at
45°C overnight. Defatted starch granules were then dispersed in
90:10 (v/v) dimethyl sulfoxide-deionized water and stirred in a
boiling water bath for 1 hr and at room temperature for another
24 hr to ensure complete dispersion.

GPC

GPC of native starch. Seventy-five milligrams of starch was
precipitated from 1.5 ml of dimethyl sulfoxide-dispersed starch
solution (50 mg of starch per milliliter) with 10 volumes of absolute
ethanol and was collected by centrifugation at 8,700 X g for 20
min at 4°C. Precipitated starch was redssolved in 25 ml of boiling
water, stirred in a boiling water bath for 30 min, and filtered
through Whatman No. 1 filter paper for further purification.

Five milliliters of starch solution (containing 15 mg of starch

TABLE 1
Percent Compositions of Polysaccharides*” and Chain Length Distribution® of Starches from 17 Mutant Genotypes of Oh43 Inbred
GPC,* Native GPC, Debranched )
CL* at Peak of Intermediate
FractionI* FractionII' IA® Fraction I" Fraction II' Fraction I Fraction III: - - Materials'

Genotype® (%) (%) (%) (%) (%) (%) Fraction I  Fraction II' Fraction ITI! (%)

Normal 70.1 29.9 27.8 26.7 19.2 54.1 2.8 43 15 3.2
0.6) (0.6) (.1 0.3) 0.1) 0.1) 0) ?2) 1)

ae 38.7 61.3 56.4 46.0 27.2 26.8 1.0 48 20 15.3
0.1) 0.1) (1.1) (0.6) 0.2) 0.4) ) 1) )

bil 73.3 26.7 23.2 24.9 18.9 56.2 3.0 42 14 1.8
(1.3) (1.3) 0.8) 0.7) (0.6) 0.1) 0.1) 3) )

b2 73.2 26.8 26.9 24.7 22.1 53.2 2.4 41 15 2.1
0.6) 0.6) ) (0.6) 0.3) 0.3) 0) (1) )

dul 54.3 45.7 314 30.5 10.6 58.9 5.6 51 14 15.2
0.1) 0.1) 0.4) 0.2) 0.4) 0.3) 0.2) 1) )

h 71.3 28.7 26.4 28.1 19.2 52.7 2.8 41 15 0.6
2.5) (2.5) (0.8) 0.1) (1.0) (1.1) 0.2) 1) 1)

sh2 72.6 27.4 28.8 30.1 14.7 55.2 3.8 40 13 —2.7
0.6) (0.6) ©0) 0.6) ) (0.6) ©.1) A3) )

sul 59.5 40.5 374 31.2 123 56.5 4.6 41 14 9.3
0.4) 0.4) (1.5) 0.6) 0.1) 0.7) ©.1) “) )

wx 100.0 0 0 0 27.7 72.3 2.6 39 15 0
0 0 0 0) 0.9) 0.9) 0 0] 1)

ae btl 45.1 54.9 30.5 324 24.5 43.1 1.8 49 16 22.5
0.1) 0.1) 0.1) 0) 0.9) 0.4) ) ?2) (1)

ae dul 23.8 76.2 57.8 57.3 19.8 229 1.2 49 19 18.9
0.1) 0.1) (1.4) 0.1) ©.1) 0.1) ) ) (6))

dul sul 53.8 46.2 39.9 345 13.0 52.5 4.0 47 13 11.7
0.4) 0.4) 0.7) (1.3) 0.4) 0.9) 0.1 (¢)] )

h sh2 70.5 29.5 254 26.4 20.0 53.6 2.7 44 14 3.1
0.4) 0.4) 0.1) 0.2) 0.2) 0.4) ) ?2) )

hwx 100.0 0 0 0 29.2 70.8 2.4 43 16 0
© 0 ©0) 0 ©.n 0.1 0 2 )

sh2 btl 71.7 28.3 27.6 27.7 15.4 56.9 3.7 49 13 0.6
0.2) 0.2) 0.4) 0.2) 0) 0.1) ) 1) )

sh2 wx 100.0 0 0 0 30.6 69.4 23 42 13 0
0 © © © ©) 0 © ) 1)

wx dul 100.0 0 0 0 26.3 73.7 2.8 39 15 0
© © © ©) 0.4) 0.4 ©0) © ©

*The division of each fraction is described in Materials and Methods.

®Values are the average of two separate determinations, with SD in parentheses.
‘ae = Amylose extender; bt = brittle; du = dull; # = horny; sh = shrunken; su = sugary; and wx = waxy.

4Gel-permeation chromatography.

° Amylopectin.

f Amylose and intermediate materials.

£ Amylose percentage calculated from iodine affinity.
" Amylose.

'Long B chains of amylopectin.

’ A and short B chains of amylopectin.

“Average chain length of isoamylase-debranched starch measured at the apex of the peak from each fraction. Expressed as number of glucose
units.
'Calculated as the difference between fraction II of the native starch and fraction I of the debranched starch GPC elution profiles.
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