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Abstract:

Two barley pericarp starch mutants that retained starch in the pericarp layer at maturity and one barley
endosperm mutant, designated "fractured" starch in which the endosperm consisted of angular, and
what appeared to be fractured starch granules, were identified, the inheritance determined, and the
characters associated with these mutants , and uses related to the human consumption determined. All
the mutants were inherited as single recessive genes and the fractured starch mutant expressed xenia.
The symbols per 1and per 2 for the pericarp starch mutant 1 (Pernubet I) and 2 (Pernubet 2) genes and
fra for fractured starch gene (Franubet) were assigned. The linkage relationship between starch mutants
and translocation breakpoints were determined using the translocation homozygote lethal stocks and
the per 1, per 2 and fra genes were located in chromosomes 1, 7 and 4, respectively. Small seed size
was in common for all three mutants. Fewer kernels per spike, high tillering ability, high lysine content
and low B-glucan viscosity were associated with the fractured starch mutant. Most of the viscous
substances appeared to be synthesized near physiological maturity of the kernel. The waxy endosperm
genotype had significantly higher B-glucan viscosity and fractured starch mutant had significantly
lower than their parent Nubet isotype. The flour yield of Franubet was much greater than that of Nubet
and this appeared to be associated with lower B-glucan viscosity. The kernels of waxy endosperm and
hulless genotypes pearled slower than that of their parent isolines, though the pearling indexes were
effected by the sample size charged, moisture content of the kernel and pearling times. For the
comparisons of genotype differences at the optimum pearling index a method of adjusting pearling
index with the ash content was developed. No pronounced differences were observed between Nubet
and starch mutant diets on the gain per day, feed consumption, or digestible energy in a rat feeding trial
and energy balance study.
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ABSTRACT

Two barley pericarp starch mutants that retained starch in the pericarp layer at
maturity and one barley endosperm mutant, designated “fractured” starch in which the
endosperm consisted of angular, and what appeared to be fractured starch granules, were
identified, the inheritance determined, and the characters associated with these mutants
and uses related to the human consumption determined. All the mutants were inherited as
single recessive genes and the fractured starch mutant expressed xenia. The symbols per 1
and per 2 for the pericarp starch mutant 1 (Pernubet 1) and 2 (Pernubet 2) genes and fra
for fractured starch gene (Franubet) were assigned. The linkage relationship between starch
mutants and translocation breakpoints were determined using the translocation homozy-

gote lethal stocks and the per 1, per 2 and fra genes were located in chromosomes 1, 7 and
4, respectively. , :

Small seed size was in common for all three mutants. Fewer kernels per spike, high
tillering ability, high lysine content and low g-glucan viscosity were associated with the
fractured starch mutant. Most of the viscous substances appeared to be synthesized near
physiological maturity of the kernel. The waxy endosperm genotype had significantly
higher g-glucan viscosity and fractured starch mutant had slgmficantly lower than their
parent Nubet isotype.

The flour yield of Franubet was much greater than that of Nubet and this appeared
to be associated with lower g-glucan viscosity. .

The kernels of waxy endosperm and hull'ess genotypes pearled slower than that of
their parent isolines, though the pearling indexes were effected by the sample size charged,
moisture content of the kernel and pearling times. For the comparisons of genotype differ-
ences at the optimum pearling index a method of adjusting pearling index with the ash

. content was developed.

No pronounced differences were observed between Nubet and starch mutant diets

on the gain per day, feed consumption, or digestible energy in a rat feeding trial and energy
balance study. ’




Chapter 1
INTRODUCTION

Alternative uses of barley include industrial utilization, food, feed and malting.

Researchers at Montana State University are working to improve the cash return from bar-

ley production. The objectives of this project are to increase the usage of barley and barley

products for human consumption with quality acceptable to the consumer.

Korea has traditionaliy uéed barley as a food, but the consumption of barley has
been declining drastically. This reduction in barley consumption is due to recent substantial
gains in rice production and consumption. The reason for this replacement in Korean diets
is that the rice grain is cénsidered to be more palatable, attractive, and convenient than
pearled barley. |

The purpose of this study was an attempt to find a barley mutant which would be
more like rice. The characters related to the industrial, food and feed uses, and inheritance
of new induced barley mutants were investigated. _

Although this study did not develop a barley with acceptable cooking quality for the

Korean consumer these results may contribute to finding a barley more nearly like rice.




Chapter 2
LITERATURE REVIEW

Chemical Mutagenesis

Induced mutations are a suitable breeding method when new or specific breeding ob-
jectives are to be realized. It is a method which enlarges the genetic variability of a crop
and may produce new, suitable forms necessary for attaining distinct breeding objéctives.
It has become one of several valuable tools in_varietal improvement of barley and is becom-
ing increasingly important (Scholz, 1971). Its importance is demonstrated, especially in
barley, by the release of new, improvéd commercial varieties. According to Sigurbjoernsson
(1975), 36 barley varieties were released between 1962 and 1975. All these varieties were
by direct mutation or from crossing a mutant with other cultivars or lines.

A number of chemical mutagens are available to induce point mutations. Of these
agents only a few are really useful for inducing mutations in cultivated plants, and most of
these are alkylating agents; Nilan (bl 964) stated that diethyl sulfate was one of the most
important mutagens for barley. With appropriate treatments, diethyl sulfate induced negli-
- gible frequencies of chromosome aberration, very little physiological injury and a higher
proportion of viridis than albino chlorophyll seedling mutants. They suggested that muta-
gen concentration, treatment duration, pH; temperature during treatment, oxygen supply,
seed-size and caryopsis type are the important factors influencing the deleterious side
effects and mutation rates. Nilan also reported that type of treatment is more important

than concentration in reducing deleterious side effects and increasing the mufagenic effec-

tiveness. Soaking barley in 0.01M diethyl sulfate solution for 6 hours was recommended.
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Nilan et al. (1963) also suggested a buffered solution at pH 7.0, a temperature of

10 C during treatment, and adequate oxygen supply to induce higher mutation frequen- *

cies with less physiological injury. Small seeds and hulless seed treated for the same léngth
of time as large seeds or hulled seeds showed more physiological damage and significantly
higher mutation frequencies.

Heiner (1963) found that the ethyl group of diethyl sulfate preferentially reacted

with guanine of DNA to induce mutations in barley.

Translocation

Since barley translocations were found by Smifh (1941), they have been used as a
tool for special cytological studies and offer enormous potential for plant breeders to
engage in chromosome engineering (Ramage, 1963). ‘

Burnham (1962) described a method using translocations to test for the mdepen—
dence of barley linkage groups. Kramer et al. (l 954), using translocation-gene linkages and
F, meiotic configurations of translocation intercrosses, conciuded that two linkage gtdups
(linkage groups III and VII) were carried by the same chromosome (chromosome 1). The
Fourth American Barley Research Workers Conference adopted a system of designating the
chromosomes and the linkage groups. In this system, Arabic numbers 1 through 7 are used
to designate chromosomes and linkage groups. Extensive genetic data have been compiled
using this system and published at regular intervals (Nilan, 1964; Robertson, 1967; Robert-
son, 1971).

Barley translocations have béen used by a number of workers to‘ assign new mutints

to specific chromosomes and to test linkages. Homozygous translocations have little or no
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effect on the phenotype of barley though they may alter linkage groups and chromosome
morphology (Bumham, 1962). Heterozygous tranélocations are phenotypiéally recognized
by semisterility as a result of aborted spores. The aborted spores are caused by deficiencies
and duplications of a chromosome segment resulting from adjaceht disjunction (Ramage,
1963).

“Pollen and ovule abortion were higher than 50% in heterzygous translocations of
corn (Burnham, 1962). Barley translocations, however, averaged about 25% in the ovule
and 29% in ponen. Abortion was mftinly due to an excess of alternate disjunctions. When |
crossing-over in the interstitial segments is followed by alternate disjunction, these crossed-
over chromatids in spores are deficient in genetic information and abort. An important

.oonsequence of this excess alternate dis,iunction in barley is that very few recombinants
are recovered from genes occurring between the centromeres and breakpoints 6f trans-
locations (Ramage, 1963). | | _ |

Hanson (1952), as cited by Burnham (1962), reported the pattern of crossing-over
reduction in the interstitial segment using linkage data obtained with three known markers
(K, Lg;, bl) in barley chromosome 4 and three &anslocaﬁons (T2-4a, 'i'3-4a, T4-53$
involving this chromosome. : ,
| Ramage (1966) also reported that 13 translocations involving chromosome 2 were
tested against the male sterility gene, msg 2. The range of recombination values were O to
2 units in the interstitial segment. Therefore, the pattern of crossing-over reduction in the

interstitial segment furnished the position of the centromere and the linkage data provided

the distance between the centromere and markers (msg 2).
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When an individual heterozygote for a translocation and t;or a gene pair is selfed,
four phenotypic classes can be recognized in the F, generation. These classes are, semi-
sterile dominant and recessive, and fertile dominant and recessive. Either of the semisterile
classes on fertile classes provides two measurements of linkage information. The semisterile-
recessive zygotes arise from the union of a recombinant and a nonrecombinant gamete.
Normal-recessive and homozygous translocation recessive zygotes arise from the union of
two nonrecombinant or two tecombinanf gametes. Therefore, the recessive classes give
more information about linkage per individual than the dominant classes (Tuleen, 1971).
If homozygous translocation recessive and normal recessive classes can be determined, the

amount of recombination information will be maximized. Root-tip squashes or a test cross

method were suggested to determine the homozygous translocations (Burnham, 1962;

Tuleen, 1971).

Since a translocation involves an exchange of pieces between two non-homologous

- chromosomes, the linkage obtained is evidence for the location of assigned gene actiohs
in either or both chromosomes. Therefore, linkage information may provide ‘pseudo-
linkage’ between geries and one of the chromosomes involved in the trénSlocation. To
determine which of these possibilities is true, a test must be made with an additional trans-
location involving a break-point at nearly the same lpcus in one of the chromosomes or thé
other breakpoint in this additional translocation being in@ different chromosome (Burn-
ham and Cartledge, 1939).

All possible combinations (21) of translocated chromosomes have been isolated. The

recommended designations of translocations along with the break-position, and recombi-
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nation values of genes and breakpoints in heterozygous translocations have been sum-
marized (Ramage et al., 1961; Ramage and Suneson, 1961 ; Hagberg et al., 1978).
A translocation tester set involving seven barley chromosomes has been used exten-
sively to identify the various gene locations and as a source of marker genes.

Genes cenditioning shrunken endosperm (Jarvi and Eslick, 1975; Ullrich and Eslick,
© 1978), male sterile (Eslick et al., 1972), seedling lethal (Rahman and Eslick, 1975), erec-
toid (Bockelman and Eslick, 1977), scald resistance (Bockelman et al., 1978) and high
amylose gene (Ullrich and Eslick, 1978) have been identified along with associated linkage
groups. The balanced male sterile-translocation system with dominant preflowering selec-
tive genes was proposed to produce the female stocks in commercial hybrid seed produc-
tion. Eslick (1971) suggested that translocations created the necessary linkages which is
one of the problems in previous hybrid systems. |

The utilization of translocation homozygote lethals were irlitialiy proposed by Eslick
(1972) as a useful breeding tool. The possible advantages Qf these translocation homozy-
gote lethals are (1) maintaining recessive male steriles and albino gehes or other lethals in
a heterozygous stock without roguing homozygous dominant plants,. (2) developing
balanced male sterile stocks, (3) increasing precision of linkage studies and eliminating the
root-tip squash method or test cross for identifying homozygous translocations, (4) trans-
ferring desirable genes to a recurrent parent without chegking characteristics which may

require expensive or tedious laboratory work (Biggerstaff and Eslick, 1978).

Kernel Structhre and Mutants _
) ’l‘he barley grain of covered cultivars conslsts of hull pencarp mteguments, endo-

sperm and embryo As the barley npens the hull and pericarp becomes firmly attached to
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~ the wall of the kernel. The structure and adherence of hull are important characteristics fo;
germinating grain in the malting process. The adhering hull protects the seedling from
mechanical damage, and restricts excessive seedling growth without affecting the desirable
enzymic degradation (Pomeranz and Bechtel, 1978).

According to Reid and Wiebe (1979), naked caryopsis (hulless kerriels) are fre-
qugntly found as a result of natural mutation, épeciany in primitive mountainous areas
where barley is used for human food. Nilan (11964), in his genetic review of barley, noted
that naked caryopsis n is controlled by a single recessive gene. It is located on the long arm
of chromosome 1.

Eslick et al. (1972), from the three point linkage tests, indicated fhat the n gene is
located between Ik, (short-awn) and msg 10 (male-sterile) and the recombination values
between msg 10 and n, n and 1k;, and msg 10 and 1k, were 7.2, 7.9, and 14.7 units,
respectively. Since translocation data indicated that the msg 10 locus is located very near
the centromere region, the n gene is probably located 7.2 .units from the ceritromere in the
long arm of chromosome 1.

‘Isogenic analysis of the covered and naked caryopsis isotypes developed wjth differ-

. ent varietal backgrounds revealed that the average yield reduction in a wide range of envi-

ronments by naked caryopsis was 12%. It was concluded that the kernel weight and yield |

reductions of naked barley are probably proportional tgthe weight of the hulls (8-16%
of the kernel weight) (Eslick, 1979). Since the hulls of naked barley are easily separated
from the caryopsis during the threshing process, the proportion of the seed components
changes accordingly. The p:oteih, starch, and fét concentration of the seed increase due to

the reduction in the crude fiber represented by the hulls (Newman et al., 1968). v
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It was suggested that the advantages of hdlless barley to the end user are (1) 30%
less storage space, (2) 'supelrior by-products from processing, (3) reduced energy require-
ments for syrup or starch production, (4) 12% less weight to transport, and (5) for the
plant breeder, rapld visual selection for potentially important biochemical mutants
(Eslick, 1979).

The pericarp‘ consists of the epidermis,‘ hypodermis, cross cells, andkttrrbe cells.
The remammg trssues of the gram are seed coat nucellar tissue and endosperm (Pomeranz
and Bechtel, 1978)

During kemel maturation, large ntxmbers of small, spherical starch granules were
detected m the pericarp‘ of barley hernels shortly after anthesis. These granules were very
quickly digested by the alpha-arhylase preseht in the pericarp and 15 days after anthesis
no pencarp starch remamed in the kernels. It was suggested that the functlon of the alpha—
amylase is to hydrolyse the pencare starch to provide energy for the growmg kemel
(MacGregor et al 1972). |

To facmtate a study of various tissues in small grains a stammg erocedure was devel—
oped for use in conjunction with a Strong—Scott barley pearler (Scheunng_and Rooney,
1979). May-Grunwald solution (0.5 methylene blue and 0.5% eosin-Y in methanol) stained
the germ, pericarp, and starchy endosperm of sorghum blue, green, and pink, respectively.
The method was suggested for use in studymg pearled grai‘ A | » '

The aleurone layer consrsts of large rectangular heavy walled starch free cells Botan-
ically the aleurone is the outer layer of the endosperm (Pomeranz and Bechtel, 1978) It
has been suggested that the aleurone layer i isa specxahzed secreting tissue sxtuated at the

periphery of the starch endosperm in seeds. During germination, extensive degradation of
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7 the aleurone cell wall under the action of gibberellic acid stimulation supports the enzyme
releasing function (Taiz and Jones, 1970). The proportion of aleurone wae estimated to be
6.9% of whole grain in covered barley and to contain 21.5% of the protein (Novacek et al.,
1966).

Endosperm Starch and Mutants

Starch consists of two distinct moleeular forms of polymerized glucose molecdles,
amylose; a linear homopovlysa’ccharide, and amylopectin; a branched homopolysaocharide
Amylose is composed of alpha-D-glucose umts thh alpha-1, 4 lmkage and the amylopectm
is composed of alpha-D-glucose umts hnked in straxght chains by alpha-l 4 w1th branch
' pomts being alpha-1, 6 hnkages A typlcal cereal starch consxsts of 75% amylopectm and
25% amylose (Banks and Greenwood, 1975) ‘

" Goering et al. (1957) found that the amylose confent of sta;’ch in 30 samples of
Compana barley range from 19 to 25% on 5 dry basis. In 44 different vaﬁetieé‘of barley,
amylose content varied from 13 to 24% of the total starch; illhstrating that inherent differ-
ences exist in amylose to amylopectin ratios. “ | |

Scanning electron microscopy has revea]ed principally two sizes large round to oval
types over 25um in size and small starch granules about 5 um, both embedded in a matrix
- of reserve protein in barley endosperm (Pomeranz, 1974).

~ Since the cereal starch granule is formed within the :lasﬁd which controis shape and
structure, most cereal starch granules are single spheruhtlc structures. However one plastxd
may give rise to a multlphmty of nuclei, and subsequently compound granules are formed

(Banks and Greenwood, 1975). The starch granules of rice and wrinkled-seeded peas are

—Rn SR
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compound and fairly angular as illustrated by electron microscopic photographs. Those
starch granules are complex and exhibit a central cavity (Banks and Greenwood, 1975;
Juliano et al., 1975).

- Williams and Duffus (1977) showed the development of thé amyloplast in the
barley endosperm. At two days after anthesis amyloplasts could be seen in the endosperm,
each containing many small starch granules. After this period, some enlarge to become full-
sized large granules. By 14 days after anthesis two populations of amyloplast, large and
- small, appeared, the large being about 11 pm across and the smaller 3 or 4 um across.

A wide varietal range in the ratio of small to large granules from a .minin_lum of
5.5:1 to a maximum of 37:1 on a number basis were reported. Small granules accounted
for 6.2 to 30.6% of the toial starch weight (Goering et al., 1973b). No substantial differ-
ences were found between large and small starch granules separated from mature barley for

% protein, % fat, swelling power, iodine affinity and Brabender cooking viscosity curves

indicating that small granules observed in mature barley endosperm are a second discrete -

population of stérch granules and not immature granules (Goering and DeHaas, 1974).

The texture of cooked rice is determined largely by the amylose/amylopectin ratio
of the starch (Juliano et al., 1964). According to Juliano (1979), in a review on rice quality,
two attributes of cooked rice commonly measuredh are tenderness (sbftness) and cohesive-
ness (stickiness). These are inversely related with amylos® content, especially hot water
insoluble amylose content. Amylose content of milled rice varied from 9 to 33% .among
the selected samples (550 samples collected from 18 counties). Japonica types, which are
acceptable in China, Korea and Japan, showed low to medium amylose content (9-15,

15-20%, respectively).




11

Waxy barley éndosperm contains very little (0-3%) amylose a;nd aknosf 100% amylo-
pectin in the endosperm starches (Coering et al.,, 1973a). This character can be'identiﬁed
by an iodine reacﬁon on the endosperm and pollen starch grains. Iodine reacts with normal
. starch producingta deep blue color while the reaction with thé waky sfarch prbduces a
;eddish-bro“;n coior (Haus, 1975).

Nilan (1964) summarized the genetic studies on the waxy endosperm character. The
waxy endosperm gene, wx, is i simply inherited recessive, and noArmaJ:allele is completely
dominant in Wx wx wx‘ ahd WxA Wx wx endosperm and éxpreéses xenia fdr the trait. 'This‘
gene bélongs to the chromosome 1 linkage group and is located on the short arm approxi-
matel); 50 recombination units from the céntromere. The waxy gene produces'no notice-
able gross differences m crop appearance except that it imparts an opaque hué to the gram
in contrast to the more vitreous appearance of normal grain (Eriksson, 1969).

The waxy er;dosperm gene'was introdué.ed-mtb established barley cultivars because _
of the observation that waxy starch is more re#dily modified by enzymes and chemicals
than normal starch (Goering et al., 1973b). Low pasting ’temperature and eas;y hydrolysis
of waxy barley allows complete conversion without conventional cooking temperatﬁres
and times. By using waxy barley, high maltose syrupé (maltose contents were 58 to 66%)
were produced in the laboratory and pilot plant (Goeﬁng et al., 1980). Waxy endosperm
has also been reported in rice, corn, and sorghum. Amylos® content and starch properties
of waxy rice, corn, and sorghum are similar to the waxy barleyi (Medcalf, 1973). Waxy
rice is high in cohesiveness and very sticky because of high amylopectin content (Juliano

et al., 1965).
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Higl\ amylose endosperm was reported in Glacier barley by Merritt (1967). The
amylose content in the endosperm of this mutant was 44% compared to 24% in the
original parent. The mutant has been designated as ac 38 and was inherited asa simple
recessive. This mutant gene exhibited a dosage effect and also expressed xenia. The gene
was assigned to chromosome 2 as determined by the trisomic analysis method in Betzes
background (Ullrich and Eslick, 1978). Scanning electron micrographs revealed that high
amylose slarch granules of barley formed irregular shapes and were .sigixﬁficantly smaller
'than normal starch granules (Banks and Greenwood, 1975). Two high amylose genes
(amylose content 60-70% of starch) were also reported in corn. The starch developed in
high amylose corn has pecu'liarly shaped granules. Long bulbous granules were found
clumped together and surrounded by other types of granules. High amylose starch has
an extremely high gelatinization temperature and is exceedingly resistant to the action

of digestive enzymes (Sandstedt, 1965). |
Because of the linear nature of amylose, the high amylose grains are of commercial
interest. The amylose has a number of potential uses which a branched polym_er does not.
Linear polymers are particularly suited for film and coating applications. Edible films
which are only slightly permeable to gases could be used as containers for foodstuffs

and present no waste disposal problems (Medcalf, 1973). |
| Rexd and Wiebe (1979) referred to a kernel type in barley in which the starch was
replaced by a sugary liquid. As the seed matured it collapsed and the collapsed seed failed

to germinate. Stocks of this mutant could be maintained as heterozygotes which expressed

xenia.




Sugary endosperm genes (s« ! and su 2) high in sucrose were also reported in corn.

These sugary endosperms stored less starch. Instead, they contained four to ten fold more
sugar than normal endosperm types. The additive effects in sucrose content of su I su 2
genotype were exceedingly small and were largely aggregated into compound granules

which are somewhat analogous to wrinkled pea starch (Sandstedt, 1965).

Gene interactions of n(axy, high amylose, and sugary endosperm have been studied

for starch properties and structure in corn. The high amylose gene (ae) and the waxy (wx)
were shovm to be completely epistatic to high amylose (du) and sugary (su I, su 2) in amy-
lose content. The ae wx genotype had 15% amylose in the endosperm starch (Kramer et al.,
1956).

The complexity of the starch granules is increased under the influence of two or
more homozygous recessive genes. The combination of high amylose (ae) and the sugary
(su 1) genes produces a mixture of many kinds of granules. Some nrere made up of many
exceedingly small blue staining particles (some of which were birefringent) embedded in a

red staining and nonbirefringent matrix (Sandstedt, 1965). |

Protein Synthesis and Mutants

As a percentage of the txssue, protem is hxghest in the embryo, next hxghest in the

bran, and lowest i in the endosperm Protein stored in the endosperm is mversely related to

carbohydrate content ngh protem content in graln 1s therefore at the expense of stored

starch (Canvm, 1976)
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Sixty-five generations of continuous selection of corn for high and low crude protein
extended the upper level to 25% and the lower level to 4%. Yield capacity and seed size,
however, were depressed in high protein selections (Dudley and Lambert, 1969).

J olinson et al. (1969) suggested that a single genotype of wheat could produce grain
varying from as low as 8% protein to as high as 18% depending on the environment in
which it is grown. The environment affects protein conteht of grain to a greater extent»
than the genetic system and these two effects are difficult to separate (Johnson et al., 1969).

Barley cultivars responded differently in gram protein content to increésing levek of
nitrogen application. Malting barley cultivars shbwed a remarkable increase in protein con-
tent, however, very little change occurred in Hiproly and C.I. 4362 (McGuire et al., 1979).

The endosperm protein consists of high amounts of glutamic acidkand proline while
glycine, valine, and arginine are much loﬁer in the endosperm compared to embryo and
aleurone protein. The protein in the germ and aleurone cells contain considerably more of
the essential amino acids, argmme, histidine, lysine, methionine, threonme, and valine

(Munck 197 2).

Since the opaqﬁe-2 éndosperms in corn which had a different‘amir'\o acid pattem

and 69% more lysine than the normal corn, intensive investigations have been done to ﬁnd

th,h lysine mutants in various crops (Mertz, 1976).
The high-lysine barley, Hiproly, of Ethiopian origin, isolated‘from the worlﬂ barley

collection' (Munck et al;; 1970) and the mutant Ris¢ 1508, produced _by chemical mutation

(Ingvérson, 1975), contain significantly higher lysine (Hiproly, 30% and Ris¢ 1508, 45%)

than their parénts. The mode of inheritance of the high lysine trait of Hiprély and Ris¢
1508 were determined to be a single recessive (Munck et al., 1970; Doll, 1973).
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From the study of classical Osborne protein fractions in these mutants during the
grain filling period, it was found that high lysine in Ris$ 1508 derived from Bomi s due to
the depression of hordein synthesis. The albumin fraction in normal barley is synthesized
early in grain dévelopment, whgrcas horde.in, gluteiin and globulin are synthesized from 10
days after fertilization until maturity. The high lysine mutants, on the other hand, showed
a remarkable depression of hordein and globulin synthesis with increasing albumin
(Cameron-Mills et al., 1979). . ,

Jarvi and Eslick (1975) and Ullrich (1978) identified six and eight shrunken endo-
sperm lines and found ﬁat the mutants contained high lysine. The high lysine traits are
controlled by single recessive genes and some of them expressed xenia. All of the mutants
including Hiproly and Risg 1508 showed lower grain yield and test weight bécause of
shrunken endosperms. Linkage or pleiotropy between high lysine and shrunken endosperm

are assumed because the association appears to be quite general in barley.

p-Glucan Viscosity and Brabender Viscosity

Gums extracted from raw barley and malt with warm water have prese‘nted problems
in the brewing industry by causing increased viscosity and filtration problems in the sweet
wort. In the ﬁnished beer the remaining high molecular weight substances oﬁginaﬁng from
barley gums influence qixality. They raise the viscosity and imprové fhe foam stabi!ity’ of
beer. Gums from barley, malt, and wort were hydrolysized to glucose, arabinose, and
xylose‘ with acid (Djurtoff, 1958). Scott (1972) found that most of the spéciﬁc viscosity
of worts was contributed by g-glucan. The viscosity of the worts due to’other‘ cbniponents

remained constant among varieties.




16

-Glucan is a general name for all non-cellulose compounds of two or more glucos;é_ A
molecules linked together in the 5-conﬁgufation (Boufne and Pierce, 1972). The barley
g-glucans are essentially linear molecules containing both ﬂ;l , 4 and g-1, 3 glucosidic link-
age which are randomly arranged (Preece and MacKenzie, 1952; Igarashi and Sakurai, 1965).

Most methods of g-glucan extraction methods are based on precipitation from
aqueous extracts (Bourne and Pierce, 1972). If only the hot water soluble gums are

- extracted, the g-glucan estimates tend to be low. Estimates increase if both water soluble
| and insoluble _fraction are extracted using strong aéid or basic solutidns (Forrest and
Wainwright, 1977).

For breeding purposes, a rapid viscosity method for estimating g-glucan has beén
developed (Greenberg and Whitmore, lv974.; Morgan and Gothard, 1977; Morgan, 1977).
The amount of f-glucan is not measured directly, but is estimated by the amount of vis-
cosity produced by an z;,xtract. Greenberg (1974) found fhat extract viscosity was closely -
related to actual f-glucan content in a logarithmic fashion, with a correlation coefficient
of 0.89. | |

f-Glucan is believed to be situated mostly in the endosperm as a part of the cell
walls and material surréunding the starch granules (Bourne and Pierce, 1972). It was sug-
gested that the g-glucans were contained in the barley aleurone cell walis (T: aiz and Jones, |
1970), however, McNeil and Albersheim (1975) found that the aleurone cell wms are
composed of arabinoxylan and cellulose. Fulcher et al. (1977) suggested that the mam
p-glucan deposition is at the sub-aleurone cell walls that are immediately adjacent to
the aleurone layer. Fluorescent microscopic photographs illustrated considerably more

sub-aleurone cell wall than the remainder of the éndosperm and these sub—aleurone cell
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walls contained extensive deposition of aniline-blue positive material indicating g-glucan

deposition (Fulcher et al.,, 1977; Wood and Fulcher, 1978). Gohl et al. (1977) showed

the distribution of the viscosity within the matured barley kernel using pearled fractions.

The layer between the bran and the center of the kemel revealed the highest viscosity.

The pentosan and hemicellulose content also influence viscosity (Bourne and
Pierce, 1972). The materials extracted by a 4% aqueous sodium hydroxide solution from
cereal grains after removal of starch and gum, are hemicelluloses. Two types of hemicel-
lulose, a husk type an(i an endosperm type were obtaixied. The husk type was found to
have a low viscosity and the endosperm type was high in viscosity.

Current thinking is that gums and hemicellulose are all derived from the same basic
source and pure extraction is difficult (Forrest and Wainwright, 1977).

Varietal diffe;ences in g-glucan coricentration was reviewed by Bourne and Pierce
(1972). Hot and dry growing conditions increase the glucan ccincentration and wet grow-
ing conditions appear to favor low v'isicosity.FVarietal differences, however, remain in the
same order.

In an isogenic study on barley viscosity, using caryopsis type, waxy exidospei'm and
short awn genes and their normal counterparts, Fox (1981) detected a significant differ-
ence in extract viscosity among gehotypcs. Naked, short awn and waxy recessive genotypes
were higher in viscosity than their parents. Three recessive double recombination_ types
were higher in viscosity indicating additive gene action among those genotypes for g-glucan
viscosity of the grain. |

Intensive studies on the Brabender cooking viscosities have been done with barley

flours and starches to evaluate the starch and flour characteristics. Goering et al. (1970)

e e = TR
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observed some genetic differences for cooking viscosity among starches from 12 barley
genotypes. In general, the hulless varieties have a higher paste viscosity than the covered
types. Some varietal differences were also determined. Starch from Nupana showed the
highest yiscosity' and Titan the lowest. Paste gelatinization temperatures were similar

among non-waxy cultrvars | | o
Starch from the waxy genotypes has been compared to starch from normal geno-
- types (Goering et al., 1973a). Waxy starches showed higher pasting peak at about a 20 C

lower temperature, had more 'granule instability and very little setback on cooling com-

pared to their normal starch counterparts. Small and large starch granules isolated from

3 different barley isogenics including high amylose, waxy and high lysine isotypes with
their derived lines were investigated for starch propertxes (Goering et al 1975) No slg-

nificant difference of the Brabender cookmg curves between small and large starch gran-

ules was found. These results indicated a srmrlar stabrhty for small starch granules com-

pared to large granules dunng cooking.
Cooking v1scosrty curves of barley flours were similar to the starch curves for geno-
_ type differences. Maximum viscosities, however, are relatiyely lower than starch viscosities
(Goering et al., 1980). N o
Brabender amylographs have been used todetermine gelatinization temperature on
milled rice ﬂourand rice starch and as a means to in)dex eating quality of rice Correlation
studies indicated that peak vrscoslty and setback characteristics on the amylogram were
related to palatabxhty, stickiness and amylose content among the Japonica and Ind1ca
_types. The preferred rice in Japan has high peak viscosity, low temperature to attain peak

viscosity and greater breakdown (setback). The variation of gelatinization temperatures of
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the acceptable rice varieties has been shown to be from 55 C-79 C with 65-68 C as the
preferred range (Suzuki, 1979).

Water Absorption of Starch Mutants

According to Pratt -(1964), water uptake by wheat ﬂéui' is influenced by the protein
and starch content in the flour with only minor influences caused by the otﬁér constitu-
ents, such as dextrins, pentosans and cellulose. Sorum (1977) reported the alkaline water
retention capacities (AWRC) of barley flour. High water retention capacity was found in
barley flours compared to wheat flours. ' |

The swelling properties of starch are due to the contribution of the hydroxylated

-nature of the D-glucose molecules, the large molecular size of the constituent polymers,
and the granular form itself (Medcalf, 1973). Swelling power of waxy starch granules
extracted from the waxy isogenic pairs of Compana and Oderbrucker were compared to
the normal starch granules. Waxy starch showed higher swelling power than starch from -
the normal isotypes (Gogﬁng et al., 1973a).

An excellent review on the water absorption of barley grain was reported by
Brookes et al. (1976). Positive correlation between vstarch content and velocity of water
uptake and an inverse relationship between nitrogen content and imbibition rate was
reported. The surface Jayers of the barley kernel are the principle barriers to water entry.
The pericarp and testa are the major organs for regulating water entry. Variation of temper-
ature dun‘ng imbibition influences the rate of water uptake by the barley seed; All barleys,

however, have a similar temperature coefficient of imbibition.
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Briggs (1978) reported smaller kernels take up moisture faster and to a higher final

level than larger kernels. Genotype differences for the water uptake were observed using
Compana isotypes (Bruckner, 1981). Naked and wéxy isotypes were found to take up

water faster than normal isotypes in a 48 hour, 20 C, unaerated steep.

Bafléy Milling

The purpose of modern flour milling in wheat is to separate the bran and gérm from
the endosperm, and to reduce the size of the endosperm particles through a series of mill-
ing steps. Bran and germ are deleterious in baking performance and may be less digestible.

Flour extraqfion is defined as the proportion of flour by weight, obtained by mxlhng
a known quantity of wheat. It has been used as an index of the overall efficiency of a flour
milliﬁg enterprise. Since thg ash content at a given flour extraction vaﬁes within a narrow
range, ash % has been used as an indicator of flour mill performance. As extraction
inc;eases, ash content ‘of the ﬂdur increases. Percent #sh in the flour reflects the efficiency
of separation of bran from endosperm (Pomeranz, 1971). ‘

Pomeranz et al. (1971) described a method for milling barley to increase the flour
extracti_on up to 65 percent. The barley was tempered for 30 minutes with 0.5% water

added before milling, red dog and shorts were reground on an alpinekmill and sifted

through a 100 xx sieve, and the throughs, called tailings flour, were mixed with patent flour.

McGuire (1979) developed the Buhler milling process for barley changing several
steps of the wheat milling method to extract suitable flour from covered and naked barley.
Barley was tempered to 13% moisture for 30 minutes before milling and the 145 mesh

flour sieves were replaced with 88 mesh sieves. Shorts were returned to first break rolls
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for a second passage through the mill. The feed rate for whole grain to first break was
about 75 g/min.

Cheigh et al. (1975) tempered naked barley for 48 hours to a moisture level of
13.5%. An addition of 0.5% more water pridr to flour milling increased the milling effi-
ciency compared to 30 minutes tempering to a 14% moisture level.
| Sorum (1977) reported that the dry .milling of barley produced higher average
flour extraction without increasing significantly the ash content in the flour over milling
tempered barley. Because of the soft woolly nature of thé barley endosperm, too long and
high moisture tempering tend to produce crushed or flaked barley at the first break roll
(McGuire, 1979). | |

Flour extraction of barley varied between 50 and 74% depending on the milling .
method applied and upon the samples used (Cheigh et al., 1975; Sorum, 1977). McGuire
(1979) found an average extraction of 65% from Steptbe and a high extraction of 72.2%
from Betzés.

Cheigh et al. (1975) indicated that use of hulless barley cultivars resulted in approxi-
mately 10% greater flour extréctién than that from covered barley cultivars, without
increasing ash content in the flou;. |

Ash content in the barley flour from milling experiments ranged from 1.23 to 1.98%
on a dry basis. Positive relations between whole grain and flour protein (r=0.763**), and
whole grain and flour ash (r=0.426**) indicated that the flour characteristics reflected the

variability of the grain among cultiyars (McGuire, 1979).
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The correlation between the ash content of the flour and crude fiber and Agtron
color values indicated that carbohydrate content in the flour increased as ash contents

decreased (Pomeranz et al., 1971).

Barley Pearling

Pot and pearl barley are manufactured by gradually removmg the hull and outer
portion of the barley kernel for human food.r To produce the highest quahty demanded by
| the eonsumer, pot and pearl barley- must be pearled to remove the coloring matter asso-
ciated with the bran layets, and the en'dosperxn must be as white as poasible. A common
type of pearling machine usually consists of a cylindrical millstone and a perforated cylin-
( der similar to the Strong-Scott barley pearler. _ |
The Strong-Scott barley pearler has been used to identify the coler of the aleurone
layer and to detennine the endosperm texture in grading barley for malting purposes. The
Strong-Scott» pearler has been proposed as a rneans ot‘ determining kernel hardness in wheat
also (Taylor et al., 1939) | o | |
| Various factors thought to affect pearling were investigated for kernel hardness of
wheat (McCluggage, 1943 Kramer and A]brecht 1948). It was found that the amount of
_ pearled material was linearly related to pearling time and cultivar differences. Soft wheat
pearled faster than hard wheat and as pearling time mcreased the amount of pearlings
increased in both saft and hard wheat. The relationship between pearling time and pearling
index was not linear, although curvilinearity was not ved pronounced in hard wheat and
only for extreme pearling times‘(MoCluggage, 1943 ; Kramer and Albrecht, 1948). Various

speeds of the pearling stone were examined for pearling intensity. The faster speeds pearled
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barley faster. Essentially the same amount of pearlings secured in given varieties with 3 dif- ‘

ferent speeds of the pearling stone could be obtained by adjusting the pearling time. No
significant interactions were detected between speed of the pearling stone, pearling time
and kernel hardness (McCluggage, 1943).

Tﬁe axﬁdunt of sar_ﬁpie ~in the pearling machine éffected significar;tly the amouht of
pearlings obtained in a given ﬁme. Differences betweeﬁ varieties for any given sample size
wéré essenﬁaﬁy :the same (Mcduggage, 1943; Kramer and Albrecht, 1948). It was also
foﬁnd that the; arhount of pearlings was inversely related fo theb moisture content of wheat
(Kramer and Albrecht, 1948). o

| Using a commercial barley process, LeClerc and Garby' (1920) indicated that the

recovery of pearled barley‘and ash content decreased linearly as pearling progressed over -

time. The edible product, or pot barley, obtained from the third operation, was almost

entirely free from the aleurone layer. Seventy-one percent of the covered barleys was

recovered with a 1.44% ash content. The fourth and fifth pearling operation produced |

pot barleys that were ndt only whiter, b_uf were practically free from all bran material.

Fifty-eight percent and 47% of pearled barley recovered showed 1.18 and 1.0% ash content

(LeClerc andk Garby, 1920). Sixty-ﬁve percent recovery for pot barléy and 35% recovery

for pearled barley are generally accepted amounts in the coxﬁmercial pearling process
used in the United States (Geddes, 1951). |
The factors affecting cooking quality of boiled barley in Korea appeared to depend

upon whiteness and water absorption of peaﬂed grain, The Korean consumers'preferred

the white pearled grain. Pearled barley that absorbed more water cooked easier than that -
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“which absorbed less water. The whiteness of pearled barley was linearly related to pearling

time and inversely related to pearling index within limited cultivars (Ryu, 1979).

Barley Nutritive Value

The primary energy source for monogastric animals is supbliec_i by the cereals. Al-
- though barley is similar in chemicalvcomposition to comn and wheat, its feed value has been
considered to be inferior. As barley contains more crude fiber than corn and wheat, the
hulls of barley may be responsible for a dilution effect of nutrients in the grain, ‘
| The inhibitory effects of barley hulls on nutrient digestion, absorption, and util-
ization of barley in diets were reported by Larson and Oldfield (1960). A renrarkable '
depression of weigh gains caused by reduced digestibility of the energy supplying cempo-
nents uvas found in pig }feeding trials. This observation was supported by Gill et al. (1966).
Effects of the hull on pig performance was studied by Newman et al. (1978) using
}rulless and covered isotypes. Gains of pigs fed hulless Compana were superior to those fed
Compana barley. Glac1er barley was equal to hulless Glacier. From these results, they sug-
gested that dxfferences may exist in the nutritive value of hulless barley that are not asso-'
ciated with lower crude fiber content.
Using' four Betzes isotypes, differing in lengtlr of awn and caryepsis covering, differ-
ences in nutritional quality traits were tested. The lenéth of awn was associated with
}B-glucan differences in the grain. The presence ot‘ the hull appeared to have a minor influ-
ence on rat performance. True protein digestibility and digestible energy in covered barley'
. was lower than that of hulless barley in rat feedmg trials. The presence of hulls increased

feed consumptlon and produced poor feed conversion in pigs, but the rate of gam was not
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changed by the presence of the hull (Truscott, 1980). In chick diets Andersson et al.

(1'961) found hulless and covered barleys‘to be qhite similar.

Viscous barleys caused a problem termed “sticky droppings” in poultry, which leads
to poor growth and prqduction. This problem can be.overcome by water-treatment or the
addition of g-glucanase to barley. Gohl (1977) discovered that water treatment did not sig-
nificantly affect dry matter, crude protein digestibility or biological value. Water treatment
of barley increased the gains of body weight for rats over those of untreated barley. Starch
‘disappearance m the gastrointestinal tract differed little between treated and untreated
barley. '

Available energy in grains and purified starch from barleys of different amylose con-
tent were évaluated in rat and pig feeding trials (Calvert, 1975; Newman, 1979). The waxy
gene had no effect on the nutritional value of barley starch, whereas the high amylose
~ starch from high amylose Glacier appeared to be lower in nutritional value than starch
from Glacier, Compana and Wapana. These results are supported by the performance of
swine fed normal and waxy starch types in corn and sorghum (Jenseh et} al.,, 1973; Cohen
and Tanksley, 1973). |

The digestible energy (DE), which is determined by subtracting gross energy of the
fécés from the gross energy of the barley, has been used to estimate the a§ailable dietary
energy. Digestible energy determined by the use of a bomb calorimeter is probably the
least precise measure of a feeds energy value to an animal. This is also one of the easiest
methods available to determine digestible energy (Maynard et al., 1979).

The apparent digestibility coefficients of energy of diets varied from 79 to 89% in

barley diets and those of starch are about 95%. The }hulless barley diets showed signifi-
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cantly higher digestible energy than covered barley diets in metabolic trials of rats

(Vermorel and Keller, 1967; Gohl, 1977; Truscott, 1980).




Chapter 3

MATERIALS AND METHODS

Inheritances and Linkages of Starch Mutants

Description of Mutants

Pericarp stArCh mutants Were obtained from the M; seeds of barley cultivar, Nubet,
treated with 0.01M of diethyl sulfate. Seed was treated with diethyl sulfate in tﬁe spring of
1978 by the method recommended by Nilan (1964) and planted at Bozeman, Montana.
Bulked seed, harvested in 1978, was soaked in 1% iodine (IKI) solution for 5 minutes and
the treated seeds rinsed with tap water. Dark and light blue stained seeds were selected.
Each of 10 seeds were increased at the experimental field of Arizona State University in
Mesa, Arizona. Four plénts of dark blue and 5 plants of light blue stained .seed were har-
vested and the phenotypic appearances of M; seeds were observed. Three plants, Per 16,
Per 17, and Per 18, stained dark blue and 5 plants, Per 28, Per 30, Per 31, Per 32, and

Per 33, stained light blue with no segregation on the head. The remaining dark blue mutant

plant, Per 19, segregated light and dark blue within the spike and Per 30 and Per 33, light
blue mutants had thin kernels. These three lines were excluded frbm the study.

The fractured starch mutant was selected from the same material as the pericarp
mutants. A low percentage of opaque seeds occurred among the normally vitreous seeds.
These opaque seeds were selected, grown, threshed as individual plants, and the seed
examined. It had been previously observe.d that waxy endosperm were opaque. The true

breeding plants with opaque seed were stained with iodine. The waxy endosperm mutants

stained reddish brown, Vthe endosperm of other opaque mutan,tsvstained dark blue as did

the fractured starch mutant. The fractured starch mutant, characterized by the angular

sta;ch granules, was identified later by microscbpic observation. Small pieccs. of the endo-
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sperm starch were placed on a glass slide with a few drops of water and a cover glass

applied. The mutant was easily distinguished from the round starch granules of the normal

endosperm with the i6 X 10 or 100 X 10 power magnifications. The three lines of the |

fractured starch mutant used in this study were provided by Eslick.

Allelism of Mutants

During the summer of 1979, each of these mutants and Nubet were planted at the :

Agricultural Experiment Station, Bozeman, in a 3 m single row, spaced 30 cm apart. A
diallel cross amoﬁg the 8 lines of pericarp starch mutants was made to determine allelism.
Tw<'> or three spikes of each line for a cross were emasculated by hand befére the anthérs
turned yellow and covered with glassine paper bags to protect from foreign pollen. After
three or four days, the emasculated heads were pollinated with male pollen from selected
parents. To identify crosses and parents, each was marked with a proper identification tag.
Crosses between the starch mutants and Nubet and Nupana were also made using the
method described above. In November 1979, 10 seeds of each cross were planted at the
Mesa experimental field of Arizona State .University and 4 plants of each cross were har-
vested separately. F, plants (F, seeds) of the 8 parent diallel cross among pericarp starch
mutants were tested foi' phenotypic appearances with the iodine solution to determine

allelism. After each mutant was confirmed as a member of a mutant groﬁp, i.e., allelic, the

mutant stocks maintaining each of the three lines were designated Pernubet 1, dark blue

staining mutant, Pernubet 2, light blue staining mutant, and Franubet, fractured starch

mutant.
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Inheritance of Mutants

In the sﬁmmer of 1980, four families 6f the segregating F, populati_oris from the
individual F, plants of each cross harvested in Mesa, Arizona, were grown at the Ap’icul-
tural Experiment Station, Bozeman. Whenever possible, 120 seeds of each family were
planted in a row 30 cm apart and 12 m long. For the F, segrégations of pericarp starch
mutants, the individual F, plants were harvested and the phenotypic.appearances deter-
mined with the iodine solution. |

After the héterogeneity X? of each family was teéted against the total segregation
ratio of each cross, the data obtained from each family were added for the segregation

ratio of a cross.

Linkage

During the summer of 1979, trahslocation homozygote lethals develbped by Biggef- :

staff (1981)‘involving all possible combinations of the seven barley ch-:om-dsomes were
crossed to Shonubét’(sbhort 5wn-Nubet) to establish a hulless teéfer set of fmnsldéaﬁoh
homozygote lethals. Information oh translocations utilized are presented in Table 3;1. In
November 1979, 10 seeds of éﬁch cross with the translocations were planted at the Mesa
eXperimentél field of Arizona State University a_nd 4 sémisterile plaht# of a cross,'wher‘l
possible, were harvested. The segregating F, 'populatio;xs were groWn ai Bozeman in 1980.
Whenever possible, 120 seeds of four families were planted in rows 30cm apart, 12 m long.

At heading time the Semisterile, short awn plants. in the F, ‘populations of trans-

Jocation crosses were tagged and crossed with the starch mutants. Since the short awn gene

is tightly linked with the hulless gene, the homozygous hulless, sho'rt-awn: héterbzygote
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translocations were the expected parents. To determine the recombination of the trans-

location breakpoints involving.chromosome 1 with the short awn and naked genes, F,
phenotypic segregation ratios of these populations were classified

The crossed seed between the starch mutants and the hulless translocations were

harvested with the parents. The male parents, presumed to be hulless translocation hetero-

zygotes were conﬁhned at maturity. The F, plants of these crosses were increased in the
greenhouse. Sixteen seeds of each cross, é totalk of 46 combinations, Between the 3 starch

mutants and hulless translocation homozygote lethals, were planted m 3 benches. Dué to
| the physiological sterility caused by inadequate control of greenhouse conditibns, geneti-
cally semisterile plants were not easily identified and very few seeds were harvested from
some plants. The available seed harvested from the individual plants was plantedina 3 m
row in the field at the Huntley Agricultural Experimental Station in May 1981. Since the

F, seeds increased in the greenhouse were too few to establish recombination, the remain-

ing available crossed seeds were planted again in the greenhouse in February 1981. All the |

semisterile plants were‘harvested and planted in the Bozeman field in June. of 1981.

' Durmg the summer of 1981, the semisterile and fertile plants of a cfoss were sepa-
rated, and the plants‘ threshed individually. F, segregation ratios of the pericarp starch
mutants crossed with ﬁmﬂocaﬁon homozygote lethals were obtained from the maferial
planted in the Bozeman field. F, segregation ratios of the fractured starch mutant were
obtained from the pop'uléﬁon grown at Huntley and Bozeman. Ten fo 12 seeds, harvested
from a fertile plant, were observed under the hght microscope to defermine the phehotype
for fractured starch. The results obtained from fertile classes from Bozeman and Hunﬂéy

data were combined. To obtain the linkage recombination, the rnaxixhum-likélihood

Tl gass RS T
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Table 3-1. Description of transldcatiohs utilized to establish hulless tester stocks of trans-
location homozygote lethals.

Translocation
Designation Cultivar Breakpoints* Authority
Tl=3e Bonus L L - Persson (1969)
Tl=4e _ Bonus L S Persson (1969)
Tl-5f Bonus S L Ramage et al, (1961)
Tl-6a Mars S Sat Ramage et al, (1961),
o Tuleen (1974)
Tl-6e Bonus L s? Persson (1969),
- : Nilan (1964)
T1-61 Bonus L Sat Persson (1969),
Ramage (1971)
Tle=7¢c Mars S? Sat Nilan (1964, Ramage and
‘ ‘ 4 Lo ' . Suneson (1961)
Tl=-71 Bonus, ert a L Sat Ramage (1971)
Tl-7k Bonus, ert a L L Persson (1969)
T2-3a Gull s? s Kasha and Burnham (1965)
T2-3¢c Bonus S? L Kasha and Burnham (1965)
T2-4a Mars - -
T2-44 Bonus s? 1L Ramage et al, (1961)
T2-5a° Bonus L? 8? Ramage et al, (1961)
T2-5e - Bonus .- - ’
T3-4b Mars - S Nilan (1964)
T3=4d v Bonus - - o
T4=5e Bonus 'L L Persson (1969)
‘ , Ramage et al, (1961)
T4-7b Bonus S Sat Ramage et al, (1961)
T5-6b ' Bonus L L Hagbert et al, (1975)
T5-7g Bonus L L  Tuleen (1974)
T6-7c Bonus S S Ramage et al, (1961),

Ramage and Suneson (1961)

S = ghort arm; L = long arm; Sat = satellite; ? = probably in that
arm; =~ = breakpoint not determined.

* ; Interchange chromosome with lower number 1listed first, higher
number listed second, :
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method modified by Eslick (personal communication, 1981) for application to trans-

location homozygote lethals was used.

Characters Associated with Starch Mutants

Yield and Yield Components

Three starch mutants and their parent, Nubet, were evaluated for yield and yield

cofnponents in 3 environments (Bozeman-1980, Bozeman-l98l, and Hunﬂey?l981). The
yield trials were planted in randomized complete blocks with four replications in bordered
fout rows, 3 m long plots. The seeding rate was 1 g per 30 cm and the center 2 rows were
| harvested. The harvest area was 1.8 m? per plot. | |
| In yield trials at Bozeman in 1980, three lines of Pernubet 1 (Per 16, Per 17 and Per
18), twc lines of Pernubet 2 (Per 28 and .Per 31) and 3 lines of Franubet (Opa-1, Opa-2
and Opa-3) were tested and data obtained from each line were averaged for each starch
mutant in each block. |
In yield trials gro§vn at Bozeman and Huntley in 1981, the starch mutanf stocks con-
sisting of a mixture of the 3 lines of each mutant. The data were ahalyzed by a factorial
arrangeinent using the environments and iéotypes as major effects.
Measurements‘ of yield and yield components were conducted as follows:

1. Yield, measured in grairi weight per harvested area, was converted to kg per hectare.

2. Number of kernel per spike was obtained by counting the number of grams from 20

splkes collected at random from the border rows of the yield tnals

3. Kernel weight (mg/kernel) was obtained by welghmg the counted seed from the 20 col-
lected splkes




v 33
4. No. of spikes per m? was calculated by the following formula: No. of spikes/m? =

Grain weight of 1.8 m? (g)/Grain weight (g) X No. of kernel per spike X 1.8.

Proximate Analysis and Amino Acid Contents

'I’he grain samples of starch mutants used in prcximate analysis were grown under
the condltions presented in vTable 3-2. Seeding rates at all the environments was 1 g per
30 cm in rows spaced ‘30 cm apert. Wanubet was not grown in the Bozeman-1980 nursery
and Pernubet 2 was not increased at Mesa~1981. Special care was taken to clean the seed
and to equalize the molsture content of grain. The samples were stored and air dried in the
seed room before analysns Whenever morsture content varied more than 2 percent, all the -
samples were dned in an oven at 50 C for 12 hours. Grain for chemical analysis was ground
with a UDY Cyclone mill fitted with a 1.0 mm screen. Paired T-tests between Nubet and
starch mutants were used to compare averaged data. ‘

The fractions of pearled offals analyzed for chemical components were obtained by
the collection of grits during the pearling er(periments. Three to six samples of each starch

‘mutant grown in the different environments were pearled in sequence. After ﬁmshmg 3-6
samples with a predetermmed pearlmg tune, the gnts were collected from the pearler.
Therefore each pearled offal represented the average of 3-6 environments. |

_ " Chemical analysis determinations were performed by the following procedures:

1. Protein content by UDY method: Used the AACC method (1962) and facilities in the
Cereal Laboratory at Montana State University. 7

2. Proximate analysrs including protein by Kjeldahl method, ash, ether extract, and crude

fiber content were determined at the Animal Nutrition Center, Animal and Range




Table 3-2. Growing conditions of barley starch mutants used for analysis.

Environment Year Location Planting Experiment Previous Mutant -

number date crop not grown
1 1980 Bozeman, Mt, . . May 1 Yield trial Alfalfa Wanubet

2 1980 Bozeman, Mt. - May 30 Increase Fallow Wanupet

3 1980 Bozeman, Mt. May 9 ' Increase Fallow Wanubet

4 1980-1981 Mesa, Arizona Nov. Increase - Pernubet 2
5 1980-1981 Chandler, Arz. Nov. Increase -
6 . 1981 Huntley, Mt. ﬁay Yield trial Fallow

143



35-
Science Department of Montana State University. AOAC standard methods (1970)
were ﬁsed tor thesé analyses. |
3. Starch content: T}}e emmaﬁc procedure. described by Bantcs and Greenwood (1971)
was used to hydrolyze the. starch and the glucose content was estimated using gluco-
oxidase. |
- 4. Amino acid analysis: Four pairs of samples of Franubet and Nubet grown at Bozeman,-
in 1980, were analyzed. The growing conditions of three pairs, environment numbers 1,
2 and 3, are described in Table 3-2, and the other pair of samples was grown in the same
field condition but planted late (July 3, 1980). Amino acid analysis of the above
samples was' performed using a Bechman 120 C automaﬁc analyzer (Spackman et} al.,
| 1958) and was conducted by A.A.A. Laboratories: 6206, 89th Avenue, Southeast,
Mercer Island, Washihgton, USA. |

B8-Glucan V1scos:ty, Amylose Content and Brabender szcoamylogram

1. p-Glucan vxscosn:y Viscosity was determmed usmg a method descnbed by F ox -
(1981). The resultant viscosity is termed “g-glucan vxscosxty ” The grain samples used were
grown under the conditions described in Table 3-2. Pearled offal samples analyzed were
reground in sUDY Cyclone Mxll using a 1.0 mm screen.

For the analysis of g-glucan viscosity in developing grain of Franubst and Nubet,
samples were harvested intermittently from the border rows of the\Bozeman—l980 yield
trial. Since snthesis of Franubet was 3 days later than that of Nubét the first four samples
of Franubet were obtamed 3 days later than Nubet to synchronize the days from anthesis.

After 25 days from anthesis, the samples were harvest on the same day Harvested plants
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were dried in the greenhouse and the sample preparations were the same as the grain
samples. |

2. Amylose content: Amylose content of flour sampies was determined by the
potentiometric titration of iodine affinity. Only two flour satm_ples of each starch mutant,
grown at Bozeman in 1980, environment numbers 1 and 2 as described in Table 3-2, were
analyzed. Amylose eontent and Brabender viscoamylogram were conducted in the Cereal
Chemistry Laboratory of Montana State University.

3. Brabender viscoamwogram: Three flour samples of each starch mutant, grown -
under environment numbers 1, 2 and 3 (Table 3-2), were prepared on the Buhler test mill
The milling method used is explained in the next section. The Brabender vrscoamylograms
were conducted at the 11% level of paste (dry matter basis) by the method descnbed by

' Smith (1964) Each sample was run with and without the addition of 200 mg HgCl, which
is a potent mhrbltor of the alpha-amylase enzyme system. Paste viscosity peaks and the
drops after holdmg at 92 5C, and gelatrmzatron temperature were obtained from the Bra-

bender v1scosrty curves and three graphs of each mutant were averaged to draw the com- .

posite curves presented.

Water Absorption of Grain and Pearled Grain

Seed from starch mutants grown in several environments described in Table 3-2 was
placed in a small round‘ tube designed to drain the water through the bottom of the tube.
Ten grams of each sample sVere soaked for 10 seconds in the water and drained for 30
seconds on tissue paper. The weight of the 10 second soaked sample was determined with

the container for the initial sample weight. The increments of weight due to water absorp-

tion by the grain were measured after 3, 6, 12, 24 and 48 hours of steep time at room




temperature, approximately 21 C. Surface water on the sample was drained for 30 seconds
before weighing. Moisture percentages were calculated on a 10 g sample basis. Data were
- statistically analyzed usmg the paired T-test betweén Nubet and starch mutants at gach

steep time.

For the sample of péarled grain, 50 g of each mutant was pearled for 2.25 minutes

- and for an additional 30 seconds for Wanubet and 15 seconds for Franubef.

Use of Starch Mutants

| Barley Starch mﬁtahts Wére nﬁilled with the Buhier te;f mill. To deteﬁnine the ef-
fecté of tempering moisture on the mi]ling barley, the sarﬁéles fro;ﬁ environmgnt r;uniber 2
of Pemubet 1 ahd Nixbét and a sample from eﬁ\}irorimeht nurﬁber 3 6f Franuﬁet explained
in Table 3-2 were témbefed to 3 levels of moisture. About 1 kg of seed was cleaned and
tempered for 30 minutes to a 11, 13 and 15% moisture level before milling. Since the
moisture content of samples showed near 9%, about 20 ml, 40 ml and 60 ml of water were
added to each sample to get the assigned tempering moistures. The mill feeding rates were
about 80-120 g per minute adjusting the vibration nub at 28-30. Total gram weight before
miiling and the weight of the milled fractions were used to determine the percent -
recovery. The suction system of the Buhler test mill was disconnected and a cloth bag was
. attached to collect the red dog flour. The rest of milling procédure was that described by
McGuire (1979) including the sieve changes and tailing process. Shorts were returned to
1st reduction rolls for a second passage through the mill called tailing process and the

throughs are referred to tailed flour. The red dog flour collected in the cloth bag was
remilled same as the tailings. Each milling stream collected separately,
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The experimental design was random factorial arrangement with 2 replications.
The methods of chemical analysis used for this study were the same as those of the pre- |
- vious method. Only one sample of a milled fraction was analyzed;

To compare the milling properties and flour yieldsof starch mutants, grain of the
starch mutants grown m several environments (Table 3-2) were milled. Samples were
tempered for 30 >Mutes adding 15 ml of Water before milling. The suction system svas
connected and the percent recovery of each sample was determmed The percentage of
milled fractions were detemuned on the basis of recovery of all streams Three kmds of
flour, collected from break roll, reduction roll and tailed flour, were combmed and con-
sldered as total flour. The chermcal analysis of the milled fractions was conducted by the

methods explamed above. Paxred T-tests ‘were apphed for the companson between Nubet

and the starch mutant means

Factors Affecting Pearling Index and Pearling Rate

Five separate expenrnents were conducted to determme the pearling index and
pearhng rate A Strong-Scott barley pearler, model 38, equipped w1th 10-mesh wire screen
was used in these expenments. The term pearling index refers to the percent of initial
gram weight recovered as pearled grain. | B B

Pearhng index = Pearled gram welght X 100/ lnmal grain weight

Elther the slope (byxl by linear regressron between pearling tlme and pearling mdex

or the drfferences of pearhng index for 1 mmute are referred to as the pearlmg rate. After

the sample slze expenment was conducted, 50 g samples were used in the remammg

experiments.
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Experiment 1. Sample _size effect on pearling index. -
Betzes and Nubet gfain grown at Bozeman, in 1975, were used with 2 replications.
Samples of 25, 50 and 100 g were pearled for 15 second intervals from 0.5 and 3 minutes.

A factorial arrangement with a complete random design was used for statistical analysis.

Experiment 2: Tempering moistui'e effects on pearlihg index.

Four Betzes isotype, Betzes, Nubet, Wabet and Wanubet grown af Huntley, in 1981,

were pearled for 2 minufes. Grain samples were dried in the ovén for 50 C for 12 hours. |

Moisture contents of sainples ranged from 7.2 fo 7.6 percent. Water wajs added to obtain
the assigned moisture levels at the end of 2 hours before the samples were peaﬂed. The
amount of watef addéd waé détermined on the basis of the initial moisture and assigned
moisture levels. A factorial arrangement with a completé random design was applied for
the statistical analysis. The factors used were caryopsis shape, waxy endosperm, ndrmal

shape and endosperm and moisture levels.

Experiment 3: Genotype compérison of ﬁearling indéx.

Pairs of isotypéé of Cbmpana, Titan and Betzes were pearied. The waxy isotypes of
Compana, Titan and Betzes grown in 22, 16‘ and 18 different énvironments, respectively,
were compared for pearling index to their normal isotypes. Brachytic isotype of Betzes
grown in 29 environments and hulless isotype of Betzes grown in 10 envir;mments were
compared to their normal isotypes. All of these samples were provided froin stocks on
hand. The paired T-test was used for the comparisons of the 1 and 2 minutc pearling
index for the waxy isotypes. Pearling rate was determined by the differencé betwee_n the

low and high pearling index and adjusted to a per minute basis.
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Experiment 4: Pearling rate differences of Betzes isotypes and the relatic'mship of pearling

index to ash content of pearled grain. |

The purpose of this experiment was to determine the pearling rate differences
among the layers of grain and to determine a method for comparing the genotype differ-
ences of pearling index at the same pearling rate. Grain samples of waxy and hulless iso-
types of Betzes grown in Bozeman, 1979, and Huhtley, 1981, were pearled for successive
time intervals up to 3 minutes. The time intervals of the first minute were 15 seconds and
the remaining intervals were 30 seconds. The pearled grains collected at different pearling
times were weighed to detérmine the pearling index and were analyzed for ash content.
The factorial arrangement 6f three factors including pearling time, waxyness and caryopsis

types was used with 2 field replications of a completely random design.

‘Experiment 5 "Peérlinlg rétes of starch mﬁtants. N

The seed samples of sta}ch ’mut;nts gden in the several environments préviouéiy
described were pearled With sﬁcééssive time intervals as for experiment 4. The linear
regression coefficients between pearliné index and peaﬂing time wérevcc;xjni)afed for Nubet

and the starch mutants.

Rat Feeding Trial -

Td evaluate the energy and nutritive value of the starch mutants, a rat feeding trial
and an energy balance trial were conducted in the Animal Nutrition Center, Animval and
Range Science Department of Montana State University.

In the feeding trial, eight female weahling rats (mean weight 70 g) stratified accérd-

ing to initial body weight were individually fed balanced diets of starch mutants with a
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caesin diet check for four weeks. Barleys used in rat feeding trials were grown in Bozeman
in 1980 (environment 2 in Table 3-2). Diets were prepared with corn starch, corn oil,

vitamins, minerals and each barley mutant to contain 14.5% protein. Protein contents of

the mutant grain was diluted to the assigned protein content by adding corn starch and 1%

of corn 011 and supplements consrstmg of vrtamms and mmerals were added to each dlet

The proxrmate analysis of the balanced diets are presented in Table 4—23 Sufficient
water and diet were supphed free choice. The rats were fed for 28 days and were werghed
weekly Feed consumption and feed efficrent (feed consumed/gam) were calcu]ated at the
completron of the experiment. Protem efﬁcrency ratios (PER) were determmed by units of
gain/ protein consumed'. -

To determine the digestible energy of tne starch mutant diets used in the feeding
trial, female growing rats were placed on a 9 day metabolism trial (S‘ days for adjustment
and 4 days for collection). Sixteen rats were stratified by initial body weight and four rats
w1th an average 91 g were assigned to each diet. - “ |

Each rat was fed 10 grams of dlet per day w1th water free choxce The calculatron of
drgestrble energy for each rat was accordmg to the followmg fi ormulas
1. Determme fecal weight on the dry matter basrs
2. Total energy loss in feces = Fecal DM X Cal/g of feces. N
3. Total gross energy consumed = g of feed consumed X Cal/g of feed
4, Dlgestrble energy coefﬁcrent Gross energy Fecal energy/Gross energy X 100.

The amount of energy in feed and fecal matenal was determmed by a Parr Adlabatlc

oxygen bomb calorimeter.
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RESULTS

Inheritance and Linhges of Starch Mutants

Description of Mutants

Pericafp starch mutants, Pernubet 1 and Pernubet 2, were found after examining ap-

proximately 2,500 and 1,700 M, seeds, respectively (Table 4-1). Appearance of mutants is

shown in Figure 4-1. Pernubet 1 stained dark blue (black in the picture) and Pernubet 2
stained light blue (gray in the picture) on the surface of grain with jodine solution. The im-

mature grains of either mutant and Nubet tended to Be green in grain harvested 2 to 3

weeks after anthesis. The greenish color gradually disappeared as the grain matured. Both

Pernubet 2 and Nubet retained the green color when the immature grains were stained with’

jodine solution.
Pernubet 1 seed stained as early as 12 days after anthesis without interference of the
chlorophyll color and the intensity of blue tended to become darker as the grain approached

maturity. The stained layers of the pericarp starch mutants are illustrated in the photo-

micrographs (Fig. 4-1). The layers between the 'epicarp and aleurone were darker in the

mutants due to positive starch stain (IKI) whereas the large rectangular heavy walled cells
of the éluerone were free of iodine staining, and thus starch.

The pe;ricarps were separated frofn the endospérm ‘without the green layers bs' peel-
ing the seed coaf of the irnmatured grain at 21 days after anthesis. The samples were stained
wi_th tiodine. In the samples from Pernubet 1, large numbers of small Spherical starch gran-
uies were deféct.ed in the epicarp under the microscof:é. The large starch granules were not
present in Pemubet 2. Instead, the light blue staining wés scattered in the pericarp cells.

Since green pigments originating from chloroplasts are located in the cross cell layers,




Table 4-1. Sources of barley starch mutants, gene symbols and mutation rates.

Mutant Name of stock Gene symbol Parent Mutation Previous designation
rate of mutants
Pericarp Pernubet 1 per 1 Nubet 1/2,500 B79 per 16
starch 1 B79 per 17
: B79 per 18
B79 per 19%
Pericarp Pernubet 2 per 2 Nubet 1/1,700 B79 per 28
starch 2 B79 per 30%*
B79 per 31
B79 per 32%
B79 per 33
Fractured Franubet fra " Nubet - B79 opq 1
starch . B79 opq 2
- B79 opq 3

* : Excluded from the study,

134



Figure 4-1. Grain appearance of barley pericarp starch mutants and photomicrographs of
outside layers of the seed, stained with iodine solution.
- indicates the starch stained.
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starch deposition in this mutant appeared to start at the layer between epicarp and hypo-
dermis and proceed inward. o | 7 |

Appearance of the fréctured starch mutant, named Franubet, is shown in Figure 4-2.
When viewed on the lightktable, the seed cross section shows an opaque endosperm (darker
in picture) similar to waxy endosperm. 'I‘he endosperm of Nubet appeared relatively vitre-
ous with clear strips of cell wall. In contrast, Franubet endosperm was shown to have a
white hue with indistinct cell walls in the center of the endosperm. The difference between
Wanubet (Waxy endosperm isogene) and Franubet was shown after treatment with iodine
solution. Waxy endosp;:rm developed a reddish brown color right after iodine treétment.
In contrast, the Franubet endosperm revealed the blue staining of a nonwaxy endosperm.
The vitreous ring around the kernel near the aleurone layer was also a good indicator of
the Franubet genotype. Most starch granules of Franubet were angular and irregular in
shape and size while the starch granules of Nubet were round and regular. Most of the
granuleé of Franubet were smaﬂer than the large granules of Nubet.' Some of the Franubet
granules were. larger than the large Nubet granules. These éxtra-la.rge granules seemed to
consist of many small granules.

The irregular and angular shapes of the starch granules of Franubet were observedv
as early as 9 days after anthesis with a few normal granules. Most of the roﬁnd starch was

cracked or fractured and formed a center cavity when the grain matured.

Allelism of Mutants

Allelism was detected among the 8 pericarp mutants (Table 4-2) selected for study.
F, seeds (F, plan_ts) of an 8 parent diallele cross among lines of pericarp starch mutants

" were treated with iodine solution. F, seeds crosséd between Per 16, Per 17 and Per 18
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Franubet

Franubet

Figure 4-2. Photographs of cross sections of the grain of Franubet and Nubet on a light
table and photomicrographs of their starch granules.
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Table 4-2. Phenotypic appearances of a F; diallel cross among pericarp starch mutants in barley.

Male mutant no.

Female
mutant no, per 16 per 17 per 18 ©per 28 per 30 per 31 per 32 per 33
per-16 . - W
per 17 . B - w
per 18 | B. | B - W
per 28 W W W - L
per 30 W W W L - L
per 31 W W W L L - L
per 32 W W W L L L - L
per 33 W W W L L L L -
B : Blue stained by ifodine solution,
‘I; Light blue stained by iodine solution.

Not stained by iodine solution,

Ly
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(Pernubet 1) stained blue and F, sceds crossed between Per 28, 30, 31, 32 and 33 (Pernu-

bet 2) steined light blue. Crosses with Per 16, Per 17, and Per 18 to Per 28, 30, 31, 32 and '

33 did not stain. No differences were found in reciprocal crosses.

Inheritance of Mutants

F, monohybrid ratios for starch mutants were obtained frorrt crosses of mutants
with Nubet and Nupana (Table 43). F, segregation ratio of i’etnubet 1 agreed with a 3:1
ratio at the 95% probability level. No difference between Nueet and Nupana crosses indi-
cated the inheritahee of Pemut:et 1 was not'changied' by the genoﬁpe Sackground.

F, segregetien ratio of Pernubet 2 did not fit a 3:1, 15:1, er 13:3 ratie. F, segre-
gation ot the} crosses between Pernubet 1 and Pernubet 2 showed the white, light blue and
blue class. No addltlve gene appearance was noted in the segregatlon (T able 4—3) F, segre-
gation did not fit 9:3:4 or 45:3:16 ratio also mdxcatmg the Pernubet 2 gene involved other -
factors affectmg 1ts inheritance.

Crossed seeds of recxprocal crosses between Franubet and Nubet were observed
under the microscope to verify the suspected xenia effect of the fractured starch gene.
Seed from both crosses had the round granule characteristic of Nubet. This result revealed
that normel starch grantiles were dominﬂate'to fractured starch granules in the endosperm
genotypves of Fra fra fra and Fra Fra fra and the gene expressed xenia. F, segregation ratios
(F, seeds) of Franubet crosses fit a 3:1 ratio for starch granule type with over 95% pr_ob-
ability regardless ‘of genotype background. Backctess F, seed segregétion also showed an

agreement with the expected ratio of 1Aa:1aa with a 75-50% probability.




Table 4-3. Segregation ratios of barley starch mutants phenotypes.

4,843

Cross Generation Segregation Ratio Chi-  Probability
Female  Male A= aa Total tested square of fit
‘Nubet x Pernubet 1  F, plant 303 103 406 3:1 0.030 <0.95
Nupana x Pernubet 1 = F, plant 311 104 = 415 3:1 0.001 <0,95
Nubet x Pernubet 2 Fg plant 1,014 109 1,123 3:1 140,09 >0,005
: » ' 15:1 16.67 0,005
13:3 60,29 »0.005
Nubet x Franubet F; seed 25 0 25 -
Franubet x Nubet F1 seed 35 -0 35 -
Nubet x Fra/Franubet BCj seed 71 64 . 135 1:1 0.363 0.75-0.50
Nubet x Franubet Fy seed 436 148 584 3:1 0.037 <0.95
Franubetvx Nupana Fy seed 104 35 139 3:1 0.002 <0,95
" A-B-_A-bb_sa-_Total
per 1 x per 2 Fp plant 808 54 5 1177 9:3: 4 41,74 0,005
’ , : ‘ 45:3:16 157.11 >0,005
39:9:16 0,10-0.05

aa : Recessive classes of starch mutant,

A-B- : Double dominant for per_ 1 and per_ 2, A-bb : Per 1l-

A- : Dominant classes of starch mutants,
er 2 per 2, '

aa- ¢ Either per 1 per 1 Per 2- or per 1 per 1 per 2 per 2 respectively,

6t
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Linkage was determined ‘between translocation bbreakpoim.:s and starch mutants
from F, plant segregation ratios. F; segregation data for location of the pericarp starch '
mutant l gene are presented in Table 4-5. The F, segregations were expected to fit a ratio
6 semisterile dominant:2 semi-sterile recessive:3 fertile dominant:1 fertile recessive when
the gene was independent from the translocation breakpoint in the crosses between trans-
location homozygote lethal stocks and the gene studied.

Linkage chi-square was calculated by subtracting the chi-squére values for 3A-:1aa
and 2 semi-sterile:1 fertile ratios from the chi-square of the 6:2:3:1 ratio expected with
independence. With no crossing over the expected ratio is 2:0:0:1 . |

The linkage chi-squares obfained from the crosses of T1-6j, Tlﬂ-‘?c, T2-5a and TS-6b
were significant. Since the segregations of’ the T2-5a and T5-6b crosses showed an excess
of recombinants, the significant linkage chj-équares of these crosses appéared to be due to
‘unusual segregation (an excess of recémbinants over that expected with independence) and
were considered as independent in determining linkage. -

Since linkage is indicated for the breakpoints of two translocatiohs, Ti-6j and T1-7c,
with the Pernubet, 1 locﬁs, and the chromosome in common is chromosome 1, the Pernu-
vbet 1 mutanf isbas.sign;edv t6 chréniééomé 1 by this meihod. Lmkages betweéﬁ bréakﬁbint
and pericarp starch 1 genes were 1.3 £ 0.6% in T1-6j and 5.3 + 2.8% in T1-7c combinations.

During the conversion of the covefed translocation tester set to hulless, the linkage
recombinations were determined between the translocation breakpoints involving chromo-
some 1 and the naked caryopsis and the short awn gene (Table 4-4). The crosses of Tl-4e,

T1-6e and T1-7k showed 0.5 to 0% recombinations between the breakpoints and both the
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Table 4-4. Linkage recombinations between translocation breakpoints involving chromo-
some 1 and naked and short awn gene from F, segregations of barley translo-

cation homazygote lethals.
Translo- No, of piants Recombination (%) Breakpoints
cations observed

naked (n) short awn (lkj)

Tl - 3e 273 6.7 i 1.4 1002 :t 1.8 Short arm
TL - 4e 328 0.1 +0.7 0.1+0,7  Long arm
s beyond 1kjp
T1 - Sf 391 2,6 +0.7 7.8 +1.3  Short arm* -
Tl - 6a 364  3.7%0.9  7.2%1.3  Short amt
T - 6e 442 0 +0.4 0 +0.4  Long arm
beyond 1k
TL = 6§ 338 ©3,5+0.9  7.8+1.4  Long arm near
' ‘ : - ‘ - centromere
T - 7c 323 58+1.2 10.8+1.7  Short am
TL-74 374  29+0.8  9,1+1.4  Long arm near
. : centromere
TL - 7K 332 0.2+0.2  0.5+0.3  Long amm

beyond 1k

* { Possibly in long arm near centromere.




Table 4-5. F, segregations of pericarp starch mutant 1 crossed with translocation homozygote lethals and their
linkage recombination values.

Male in. Semi-sgterile Fertile Total Chi-square Recombination

cross a/ 2 (%)
Per 1 per 1 Per 1 per 1 6:2:3:1

- per 1 _ per 1

Linkage x

T1-6] 150 3 1 78 232 276.96%%  264,75% 1,3 + 0.6

Tl=7c 21 2 2 25 50 49,98%%  17,95%* 5.3 + 2.8

T2-3a 46 13 15 4 78 3.26 0.00 independent
T2-4d 99 24 28 7 158 11,51%%* 0.18 independent
T2-5a 49 27 - 64 15 155 27,32%*% 5.28% independent
T3=4b - 78 32 46 9 165 3.17 3.17 independent
T3-4d 55 14 31 9 109 1,48 0,04 independent
T4=-5e 45 13 25 8 91 0.56 0,02 " independent
T5=-6b 44 14 43 23 124 27,56%% 3,92% independent
T5-7g 65 14 - 21 3 103 10,73*%% 2,11 independent
T6-7c 7 2 28 7 136 3,98 0,10 independent

a/ : 6:2:3:1 1s a ratio of SSA-:SSaa:FA-:Faa expected,
*, *¥* : Significant at p=0,05 and 0,01 levels, respectively,

1
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short awn and naked caryopsis genes. Since crossing over is greatly reduced in the inter-

stitial segment of a translocetion heterozygote, the breakpoint of these translocations was
postulated to. be distal to the short awn gene. The largest tecombinations were shown in
the crosses of T1-3¢ and T1-Tc. Recombinations in the crosses ranged from 2.6 to 3.7%
with the naked caryopsis gene and from 7.2 to 9.1% with the short awn gene.

F, segregation and recombination data for the location of pericarp starch mutant 2
gene are presented in Table 4-6. None of the crosses fit the expected 6:2:3:1 ratlo, prob-
ably due to the abnormal segregations of Pernubet 2 prevnously discussed. When the link-
age chi-square and maximum likelihood methods were applxed assummg single gene con-
trol for this phenotype, the lmkage chi-squares for T1-7c, Tl-71 and T5-7g which have
chromosome 7 in common were shown to be linked and thexr recombinations were 26.0 £
49,342+ 7.1and 29 ¢ 1 7%, respectively. The hnkage ch1-square of Tl- 61 was also sig-
nificant, but the segregation showed an excess of recombmants and thus considered inde-
pendent. Pericarp starch tnutant 2 appears to be associated w1th chromosome 7. Addi-
tional information yzoulcl be desirable. | |

F, segregatlons for the fractured starch mutant are shown in Table 4-7 Since the
normal starch genes express xenia, the heterozygous and homozygous genotypes for
fractured starch gene} were classified in F, plants. Chi-square values were expected to fita
ratio lAA:iAa:lae when the fractured sta;ch gene was independent of translocation
breakpoints. With no recombination the expected ratio 1s 0:0:1. The segregations of T2-4a
and T2-4d were significantly different from the expected ratio and linkage recombinations

of T2-4a and T2-4d were 25.8 + 8.5 and 30.8 ¢ 6.9%, respectively.




Table 4-6. F, segregations of pericarp starch mutant 2 crossed with translocation homozygote lethals and their
recombination values.

Male in Semi-gterile Fertile Total Chi-square Recombination
cross Per 2 per 2 Per 2 per 2 6:2:3:15/ Linkage x2 (%) _
—— per 2 —— per 2 a ' .

T1-63 18 13 18 2 51 7.94%%  6,62%%  independent
Tl-7c¢ 74 2 21 11 108 23,41%* | 13,06%* 26,0 + 4.9
Tl-71 42 13 10 8 73 8,87%* 6.40%* 34,2 + 7,1
T3-4d 65 13 43 10 131 6.86% 0,00  independent
T4=5e 90 11 - 25 5 131 19,58%* 1.74 independent
15-7g 58 12 22 83 68,27%** 67,21%* 2,9 + 1.7

a/ : 6:2:3:1 is a ratio of SSA-:SSaa:FA-:Faa expected.

*, *% : Significant at p=0,05 and 0,01 levels, respectively.

14]




Table 4-7. F, segreganons of the fractured starch mutant crossed with translocation homozygote lethals and
thelr linkage recombination values.

Male in Fertile - Total Chi-square for a ratio Recombination
‘cross AAA 22: saak - 1AAA:2Aaa:laaa €9
Tl-3e 8 7 5 - 20 2,700 independent
Tl=-6a 1 5 1 7 1.286 - independent
T1-6] 4 11 2 17 1.941 independent
Tl=-7c 5 12 3 - 20 1,200 independent
T2-3a 26 38 21 85 1,541 : independent
T2-4a 3 17 25 45 : 24,200%*% 25.8 + 8,5
- T2=4d 12 21 40 73 ‘ 34,644%% "~ 30.8 + 6.9
- T2-5¢ 14 19 13 46 ( 1,435 : ~independent
T3-4b 50 64 38 - 152 5,684 ‘ independent
T3=4d 7 27 18 52 4,730 - 39,5 + 8.4
T4=5e 4 9 9 22 3.000 38,6 + 12,9
T4=7b 7 6 2 15 3.933 independent
T5-6b 19 27 15 61 ' 1.328 independent
T5=~7g 23 34 15 72 . 2,000 ' : independent
T6=~7¢ 13 34 10 57 - 2,438 independent

A, a indicates the dominant genotype (Fra) and the recessive genotype ( ra),
respectively. ,
*, ¥ : Significant at p=0.05 and 0,01 levels, respectively.

139
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Independent assortment was shown for the crosses between Franubet and T2-3a and
T2-5e translocations.’ Chromosome 2 breakpoints thus appear to be inherited indepen-»
dently of the fractured starch gene. This places the fractured starch geneon chromosome 4.

The segregation of T3-4d and T4-5e crosses also showed a linkage between the frac-
tured starch gene and translocation breakpoints Weak linkage obtained appeared to sup-
port the gene assrgnment on chromosome 4 because both translocations have chromosome
4 in common and m other crosses both chromosome 3 and 5 breakpomts appear to be
mdependent of the fractured starch gene. T2-4d and T4-5¢ breakpomts are reported in the
long arm of chromosome 4. T3-4b and T4-7b are reported in the short arm of chromosome
4. This would place the gene distal to the breakpoints in the long arm of chromosome 4'.
It would also place the breakpoints of T2-4a and T3-4d in the long arm of chromosome 4.

Additional information from crosses with genes or breakpoints in the long arm of chromo-

some 4 would be desirable.

[}

Characters Assocrated with Starch Mutants

Yield and Yreld Components

Yreld performance of starch mutants was evaluated in rephcated tnals in 3 environ-
ments (Table 4-8). Pernubet 1 and Pernubet 2 were inferior to Nubet in yreld whrle the
yreld of Franubet was not s1gmﬁcantly dlfferent from the yreld of Nubet Starch mutants
had hghter kernel welght than that of Nubet with this bemg the main reason for reduced
yields of Pemubet l and Pernubet 2. Number of kernels per sprke in Franubet was srgmfi-

cantly less than that for Nubet and the number of spikes per m? of Franubet was srgmfi

cantly higher than Nubet
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Table 4-8. Average yield and yield components of barley starch mutants tested in 3 envi-’
ronments with 4 replications.

Mutants " Yield No. of kernels ‘Kernel wt. No. of spikes
: kg/ha . per spike mg ' per m?
Nubet | ) 3,1_?4 23,7 ' 40.4 334
Pernubet 1  2,587% 24,2 35.9%* . 302
Pernubet 2 | 2,7‘_4_5* - 23.1 36.2% 332
Framubet 2,975  20.1% 33,3% 451k
Clonubet 2,975 22.4%  36.6% 367
LSD (5%) _2259, 0.66 .03 35.6

% : Significently differs from Nubet at p=0.05 level.

The analysis of variance for yield trials grown in 3 environments (Table 4-9) revealed
significant interaéfioné ~between genotypes and environments for the yield components.
Interactions for yields, however, were not significant. These m@ts could be explained by
the compensating effects of ihe yield components. Yield and yield component inter-
actions are presented in Figure 4-3. The number of spikes per m? in Franubet and the
number of kernels ber spike in Pernubet l.and Pernubet 2 appééred to be major compo-
nents compénsating té maintain the yield in the high yielding coﬁdiﬁons such as Huntley-
1981 and Bozem;n-l981. More increments of these yield corﬁponents than for other
mutants apparéntly resulted in the yield component interabtions. These extra incremehts
of yield components were accompanied by exceésive reduction >of ‘the other yield com-
ponents. In Franubet; ihe inéreaséd nﬁmber of vspikeé per m? was associated‘ with a

reduction of kernel wéight. The lower numbers of spikes per unit area of Pernubet 1 and




Table 4-9. Analysis of variances for yield trials of barley starch mutants tes

ted in 3 environments with 4 repli-

cations.
Mean squéres
. Source df Yield N°ﬁegfsg§§gels - Kernel wt, No, of spikgs/mz
| Hain -Elot |

_Environments (A) 2 4,851,804%%  152,08% 58.20%* 63,187%*
Error a 9 109,774  1.45 3.06 2,630
Sub plot ‘ | ;

Genotypes (B) 4 - 623,919% 30.15%% 77.62% 39,197%
AxB 8 181,076 6,34%% - 5.42% 5,925%*
Error b 36 97,795 0.64 1,56 1,840
:otAi 59

*, ¥k : Significant at p=0,05 and 0;01 levels, respe‘ctively.. '

8§
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No. of spikes Per m2

Figure 4-3. Graphic representation of yield and yield component interactions of barley starch mutants with thé
_ environments.

6S
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2 were followed by higher numbers of seed per spike. In this way, the yield differences

at each of the environments and the order of mutant yields among environments were sim-

ilar to each other and thus resulted in the no‘signiﬁcant interaction for yield.

Proximate Analysis arid Amino Acid Contents

Proximate analysis of the grain of the starch mutants grown in several environments
is shov;n in ‘Tabl'e 4-10. Three to six‘lsamples“ were comparéd by pai‘red‘T-test. Protein con-
tents determined‘ by the UDY method were signiﬁcantly higher for Ffanubet than Nubet.
. Protein coni:ents determined by the Kjéldahl method were not diffe;'ent foi Nubet and

Franubet. | | | ‘ | |

Stdrch contents of Perhubéf l‘were signiﬁcéntly lower thén thaf of Nubet and the
remaining @utm& had the same starch content as that of Nubet. Ether extract (lipids),
,cfude fiber and #sh contents of the mutants were not significantly different from those
of Nubet. B — | |

Starch contents were determined on the pearled 6ffal fractionsf collected from the
abraded grits of the grains from the pearling machine (Fig. 4-4). The 0-5% fraction of
pearle(i offai consisted principally of germ, periéérp while the 15-20%‘fraction of péarled
offal apparently consisted mostly of aleurone layer and endosperm starch. As expected,
the starch contenfs increased as pgarled»offal fractions were collected from the outside 6f
the kerhel toward the center. The fractions free from outside léyers had about 70% starch.
* The starch contents of these pearléd offal fractions not oﬁly reﬂected genotype differences,
but overlapping fractions ‘due to the sarriple preparation (pearling) also influenced the

~ results,




Table 4-10. Proximate analysis of grains from barley starch mutants grown in several environments (Dry matter

basis).
Mutants
Measurements Nubet Pernubet 1 Pernubet 2 Franubet Wanubet
_Environment - 6 . . '5_ ' 6 , 3»
% protein (UDY) 14,84 15,04 15,81 16,11% 13,46
Difference (+0.20) (+0.45) (#1.,27)  (40.17)
- % protein (Kjeldahl) 14,34 14,71 16.13 15.14 11.88
~  Difference (+0.37) (+1.31) (+0.80) (+0,29)
% starch 59,7 57.9%% 56.5 59.8 57.4
Difference (-1.8) (=3.2) - (40.1) - (=1,9)
% ether extract : 2,55 2,61 2,51 2.90 2,95
Difference . (+0,06) (-0.05) (40.35) (+0.42)
% crude fiber 10.38 0.32 0.34 0.39 0.43
Difference , A (-0.06) (~0,04) (+0.01) (+0.10)
. % ash , 1.86 1,94 1.80 1.97 1.96
" Difference (+0.08) (-0,08) (+0.11)  (40.05)

The numbers in the parentheses indicate average differences from Nubet,
*,%k : Significantly differs from Nubet at p=0,05 and 0.01 levels, respectively,

19
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Figure 4-4. Changes of starch content in pearled offal fractions of barley starch mutants.
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Pericarp starch mutant 1 tended to have a higher starch content in outside fractions ,
than Nubet, and between outside fractions and center of kernel were lower in starch con-
tent than Nubet. This tendency might explain. the kemel weight differences. Since’Pernu-
bet 1 had smaller grain than Nubet, the outer layers of the kernel should represent d higher
proportion in the intermediate offal fractions. The log conversions ot' the starch contents
and % pearledcffal fracticns were made to test the slope differences between Nubet and
the rnutants. The correlation coefﬁcients between the two traits calculated from .the log
conversion data were 0.990, 0. 979 and 0.987. A s1gn1ﬁcant difference between the slope
of Nubet and Pernubet 1 were detected
Ash content of the pearled offal fractions of the starch mutants and Nubet are com-
pared in Frgure 4-5. In general, the ash content of the pearled offal fractions sho’wed an
inverse relationship to starch content. Inverse transformations of the ash content were
made to test the slope differences. No significant differences of slope between Nubet and
the mutants indicated a similar pattern of ash content i in the offal fract:ons of Nubet and
the mutants The offal fractlons near the out51de of the kemel consrstmg mamly of the
pericarp and aleurone layer ranged from 3.7% to 4.5% accordmg to genotype. The peri-
carp-aleurone offal frnctions of the Pernubet 1 appeared to have a lcwer csh content than
Nubet, but the staﬁsttcal analysis of these ccmparisons did not support this conclusion.
The endosperm, prresum'ablly» free of aledrone and outer layers conststed of 0.6O%Icsh with
relatively smnll genoty}pe dift'erences.
Protem contents of pearled offal fractxons showed a pattern sxmrlar to those of ash
content (Fig. 4-6). The outermost layer of the kernel cons1sted of more than 25% protern

and the inner fraction, free from the outside layers, approached 10% protein. No signifi-
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cant differences between the slope of Nubet and the slope of mutants were determined
from the transformed lineaf regression data. Linearity was established by dividiﬁg one by
the protein content and regressing on the pearled offal fractions.

The amino acid ‘content of the fractured starch mutant wis compared to Nuﬁet
utilizing paifed Samples grown in 4 enviromnents. Average percent amino acid in the grain
and in the protein was calculated (Table 4-11). - | |

Glutamic acid and proline were the dominate amino acids present in both Nubet and

Franubet. Sigﬂiﬁcant differences between Franubet and Nubet were shown for isbléucine,
lysine, ghitamic acid and proliné on the basis of the amount in the grain. Lysine cbntent in
Franubet was over 18% higher than in Nubet. The increased lysine in Franubet was ésso-
ciated with a decrgase in glutamic acid, isoleucine and proline in the grain. Lysine content
based on the proteiﬁ was 2.22% in ~Nubet and 2.81% in Franubet. Thesé might :be felatively
lower than usual and are suspectéd to be due to the high protein content in the samples
which were grown at high fertility level. | |

While comparing amino acids in the protein, Franubet had more alanine; aspartic

acid, glycine, leucine, lysine, threonine and tyrosine and significantly less glutamic acid

than Nubét.

B-Glucan Viscosity, Amylose Content and Brabender Viscoamylogram

8-Glucan viséosity of grain and pearled fractions of the starch mutants were
measured with a Brookfield viscometer on the alkali extractions (Fig. 4-7). 8-Glucan vis-
cosities of Pernubet | and Peniubet 2 were not significantly dif ferent from the viscosity of

Nubet. The lowest g-glucan viscosity was shown by the Franubet grain detenﬁinations,




Table 4-11. Average amino acid contents of grain of fractured starch mutant (Franubet) compared to Nubet,
from samples growin in 4 environments. ’

Amino acid : As % of grain (DMB) ‘ As 7. of protein (DMB)
Nybet Frgnubet Difference Nubet Franubet Difference
‘{x? ?yg (y=x) (x) (v) - (y=-x)

‘Alanine = 0.599 0,602 . +40.003 - 3.33 3,56 - +0,23%
Arginine 0.607 . 0.682 40,075 3,36 4.06 40,69
Aspartic acid  0.982 0,983 40,001 - 5,45 5.81 40, 36%*
Glutamic acid 5,755 - 4,995 . =0,760% . 31,91 29,44 -2,47%
Glycine ©0.491 0.504 +0.013 2,73 2,98 +0,26%%
Histidine ' 0.235  0.257 40,002 1.30 1.53 +0,22
Isoleucine 0,615 0.583 . =0,032%* 3,42 3.44 +0.03
Leucine 1,080 1,070  =0,010 6.01 6,35 - 40,34%
Lysine | 0.400 0.473 4+0,073* 2,22 "~ 2,81 40,59%
Methionine 0,308 0,302 -0,006 .. 1,71 1.78 40,07
Phenylalanine 0.953  0.879 -0.074 5,28 5,21 ° =0,07
Proline | 2.400 2,140 -0,260% 13.28 12,62 -0.66
Serine 0.828 0.804 -0.024 . 4,60 4,75 +0,14
Threonine 0.597 0.593 0,004 3.32 3,51 +0,19%*
Tyrosine 0.474 - 0.492 40.018 2.63 2.91 +0,28%
Valine 0.807 0,781 20,026 4,48 4,61 40,13
Taurine , 0.923 0,782 - =0,141 5.14 4,61 -0,53
Total - © 18.000 16.900 ~1,100%*

* %% : Significantly differs from Nubet at p=0,05 and 0.01 levels, respectively.
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Figure 4-7. Mean g-glucan viscosity of grain and pearled offal fractions of barley starch
mutants grown in several environments.
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averaging 4.0 centerpoise units, which was significantly lower than Nubet. Wanubet had
the highest g-glucan viscosity in grain and was almost double that of Nubet.

The area of deposition of substances contributing to Viscosity in the grain are also
illustrated in Figure 4-8. Outer layers of pearled offal tended to have the lowest g-glucan
viscosity regardless of genotype. The pearled offal fractions collected nearer the center
of the kernel showed higher g-glucan viscosity than pearled offal fractions from the outer
layers. | f

- The pearled offal collected as the 30 to 40% or 40 to 50% fractions had the maxi-
mum viscosity and the more central fmctions of the endosperm tended to decline slightly
- in viscosity. Geeotype differences appeared to‘l‘ae greatest at maximum g-glucan viscosities.

Synthesis of p-glucan substance in the eeveloping kernel is shown in Figure 4-8.
g-Glucan vis"cosity of Nubet started to increase 3 week_e after anthesis and was at maximum
from 30 to 35 deys afte: anthesis until maturity‘.' Franubet showed Athe same tendency as
Nubet with rhuch lower vx;scosity.

Amylose contents of starch mutants were determined by potentiometric titration of
iodine affinity (Table 4-12). Smce the electrode had been stored inadry condmon for too
long a time, the standard curve appeared to have slufted Therefore results obtained from
the samples are suspected to be 1 or 2% higher values than they should be. The amylose
content of flour samples from starch mutants ranged from 22.0% to 24.5% in non—defatted
samples and from 27.5% to 30.5% of dry weight in defatted samples. The genotype differ-
ences were not significant. |

The gelatinization temperatures of the starch mutants were about 60 C with little

variation (Table 4-12). No significant differences among genotypes were detected.



70

20r
15F
—m: 23
a L
L
g L
-; -
o 10-
(3]
/] -
‘; -
: -
3 .
2 i * ”ﬁ\\
o 5" &"F b \\\
& i 2 ranubet \\*
9 1315 18 21 25 30 35 hatvest

Days from anthesis

Figure 4-8. Changes of B-glucan viscosity as the grain of Nubet and Franubet developed.



Table 4-12. Amylose content, gelatinization temperature and ainylograph paste viscosity data of Buhler milled
flours prepared from barley starch mutants. .

No. of Mutants

Measurements Environments Nubet Pernubet 1 Pernubet 2 Franubet
% ggzlose :

Non-defatted , 2 24,5 22,0 24,5 23,5

Defatted = 2 30.5 - 27.5 . 29,0 29,0
Gelatinization ' : :

temperature ( C) 2 60,0 ' 60,5 (59.0) 60.0
Amylograph viscosity with HgCly (BU) |

Peak 3 - 1630 1650 (1500) 1583

Drop at 92,5 C 3 ' 370 380 ( 400) ' 430
fAmylogfhph‘viscosity¥w1thout Hg917‘(BUl ' ‘

Peak 3 . 83 770 ( 660) 800

Drop at 92,5 C 3 300 . 170 ( 260) 180

«( ) : Data from 1 sample only,.

1L
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Amylograph paste viscosities of flours milled from starch mutants with HgCl,; and
without HgCl, are presented in Table 4-12 and Figure 4-9. The greatest differences oc-
curred between with HeCl, and without HgCl,' indicating "alpha;-amy‘lase aetivities duting
sterch cooking. The maximum viscosity of the Nubet flour with HgCl, was about 1600BU
and viscosity dropped at 92.5 C to about 400BU. No eonsistent'dit“ferences between
genotypes occurred in the curves and no significant differences were detected for maxi-

mum viscosities and viscosities dropped at 92.5 C.

Water Absorption of Grain and Pearled Grain

The percent water absorptlons of grain and pearled grain of the starch mutants were
determined by successnve increments of steeping time and data are presented in Table 4-13
“and Figure 4-10. The water absorptxons plotted against the steeping times showed hyper-
bolic curves in elther gram or pearled gram The water absorptxons of pearled grain were
| consxderably faster than the water absorptions of intact grain. The maximum absorptlons
were reached within 12 hours in pearled grain and after 48 hours of steeping in intact grain.
The intact grain of Wanubet absorbed ntore water.after 24 and 48 hours steeping

than Nubet but no significant differences between Nubet and Wanubet were found after
steeping for 12 hours ot' less. The pearled grain Qf Wanubet had an exeeptionally high
water absorption as cornpared to the pearled grain of Ndbet. The gredte:st difference oc-
curred between the peatled grain of Nubet and Wanubet atthe 12 hotus steeping with little
change efter 12 hours steeping. These resdlts demonstrated that the water permeability of
Wanubet grain appeared to be similar to that. of Nubet. The water _holding capacity of

Wanubet endosperm, however, was much higher than Nubet endosperm.
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Table 4-13. Average water absorbed by grain and péarled grain of barley starch mutants, growin in several envi-
ronments, for different steep times at room temperature. -

Nubet - Pernubet 1 Pernubet 2 Franubet Wanubet

Environment : 6 o 6 ‘ 5 : 6 3

Water absorption of grain, %
3 hours 13.2 14.3*% 14.0 15,9% 13.5

6 hours 22.6 . 24.9** 23.7 - 2701** 2305

9 hours 30.1 - 32,8%*% 31.6 35,9%* 32.1

12 hours 35.3 38,5%*% 37.1 , 41,6% 38.3
- 24 hours 48.5 52,2% 50.2 . 55.1% 55,2%%

48 hours 59.2 63.1 61,8 - 66,3%* - 70,4%*%

Water absorption of pearled grainm, %

Average pearling (67.4) (66.6) (68.0) - (67.7) (69.5)

index .

3 hours 31,5 39,.8% 37.6 43,5%% 46,1%

6 hours , 53,2 57.6% 55.1 - 60,6%% 69,0%*

9 hours 59,1 63.4% 61.5 ' 63.0 76,7%*
- 12 hours 62,3 67.1% ‘ 64,6 - 65,6 80,6%*

24 hours : 63.8 68,9%* 65.9 66,4 81,6%%

*, *¥* : Significantly differs from Nubet at p=0,05 and 0,01 level, respectively.

pL
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Pearled and intact grain of Frénubet absorbed more water than thét 6f Nubet at all
- steeping times, vhowever, no signficant differences from Nubet were found after 9 hours of
, steéping the pearled grain. |

The water absorptions of intact and pearled graink of Pernubet 1 were sigﬁificantly
higher thah Nubet at all steeping times. The endosperm of Franubet and Pernubet 1 ap-
peared to absorb water faster thén the endosperm of Nubet. |

No significant differences were obtained between Pernubet 2 and Nubet in either

intact or pearled grain at all steeping times.

Use of Starch Mutants ' _

Milling

The average effects of tempering moisture.on milling fractions of starch mutants

_(Pernubet 1, Franubet and Nubet) récovered from the ‘Buhler test mill are breserited in
A _ o A

Figure 4-11. Analyéis of variances of the recovery of each fractjon revealed that reduction
“roll ﬂouf, t@iléd flour and bran were signiﬁcantly different for the isotypes and the
tempering mbistufe levels (Table 4-14). Interaction of the bran fraction of isotypes with
moisture levels was sigﬁiﬁcant. This'indicated Vthe moisture effected the bran recovery of
one isoline differently than thé bthers. The interactions of the other milled extractions
were not significant so that only average“tempering nioisture effects are discussed here.

As the moisture of the tempered barley increased, the flour yield recovered from the

reduction roll and tailed flour decreased as the bran fraction increased at the expense of

flour yield.
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Table 4-14. Analyses of variance of the tem

pering moisture effects on Buhler milled fractions for barley starch

mutants. :
Source DF Mean squares
Break Reduction Tailed . .
flour flour - flour Bran Shorts
Genotypes ‘(A) 2 7.46% 115, 43%* 1.96 - 89,29%k 71.98%%
Moistu;es (B) 2 0.12 308, 28%* 29,87%% 437,86%* 0.31
AxB 4 2,22 3.15 4.19 17.95%* 5.12
Error 9 0.9 3.36 1.72 2,26 1,55
Total | 17
LSD (5%) for 1.30 2.39 1.71 1.96 1.63
moisture '
%k, %% : Significant at p=0;05 and 0,01 levels, respectively,

8L
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In general, barley bran was crumbled rather than flaked and some of the endosperm |
starch rem#ined attached. Well separated bran from the endosperm was not obtained
regardless of the genotype or tempering moisture level. The shorts appeared to be flaked -
pieces from the crushed endosperm. Shorts were light and ﬂtiffy. The yield of the shorts
waé relatively consistent forvall tempered mbisture levels, but a considerable‘ amount of
bran and _the.fust shorts to come from the reduction' sieves increased with increasing
moisture levels. The constant amount of shorts obtained afe §uspected to be due to the
taiiing process. Average flour yield, obtained by adding break roll, reduction rdll and tailed
flour, were significantly lowered aé tempering moisture increased.

Ash and protein contents of the flours collected from each mill stream tended to
increase as the tempering moisture decreased and as the flour yield increased. Higher per-
centages of ash and protein in‘ the tailed flour appeared to»l.ae an increasing source of ash

.and prptein contents of the flour (Fig. 4-12).

: The fnilling properties and flour yields of starch mutants were evaluated by com-
parison to Nubet (Fig. 4-13). Significant differences were obtained between Nubet and
Franubet, and Nubet and Wanubet for percerif recbvery, yield of ﬂour, and yield of bran.
The percént recovery and flour yield of Franubet were higher, and those of Wanubet
were lower than Nubet. Pernubet 1 and 2 were not different from Nubet.

The flour yield of Franubet ranged from 70 to 81% and averaged 13% more than
was obtained from Nubet. The ﬂo_ur yield of Wanubgt was significantly less than Nubet

‘ drastically increasing the bran fraction. The pericarp starch rhutants were not significantly

different fromiNubet for ﬂour,‘bran and short recovery.
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Protein, ash and staréh contents of the milled fractions recovered from starch
mutants were compared with those of Nubet (Table 4-15). In general, the protein and ash
content of the flours were rélétively lower than the protein and ash content of bran and
shorts. Starch content of the flour was'higher than Vstarch confent of thé grain (Table
4-10). These results indigated tha? barley endospeﬁns were separated, to some degree, from
thev bran layer through the milling process. No differences were shown for protein and
starch conténi of the flour between Nubet and Wanubet, ash content of the Wanubet flour
was higher and the protein and ash content of bran less than that 61‘ Nubet. T_he reduction
of prbtein and ash contents in the bran appeared to be due to a failure to separate bran
from ‘thevendosper.m.

. 8-Glucan viscosity data of the milled fractions are presented in Table 4-15. The
viscosity of the flour Was basically less than grain viscosity (Table 4-7) and viscosity of
the Shorts was very high. The milled fractions of Franubet haﬁ much lower viscosities in
flour, brén and short t;ractions as compared to those of Nubet. These results appear to
reflect the lower grain viscosity in the grain of Franubet. The milled fractions of Wanubet
were expected to have a highér viscosity than the milled fractions of Nubet. Only the
viscosity of the bran was highér than Nubef. Since the shorts were shown to have an
extremely high viscosityv compared to flour and bran, it was suspected that the cell wall
~ material in thé endosperm was separated from the starch and collected in the short stream
in the milling process. Low g-glucan viscosity of Franubet shofts compared to the Nubet
shorts indicated that the less viscous cell wall substances in the Franubet endosperm whic.h

is supported by the indistinct cell wall observed in Franubet endospei‘m (Fig. 4-2).



Table 4-15. Protein, ash and starch content and §-glucan viscosity of milled fractions from barley starch mutants.

Nubet Pernubet 1 Pernubet 2 Franubet Wanubet
No.vof paired samples 6 6 5 6 3
Flour :
Protein, 7 (UDY) 11.8 “12.5 “12.5 13.5% 11.6
Ash, % 1,315 1.464%* 1.263 1.439% 1,.628%*
Starch, % 68.2 66, 2%* 65.4% 65,0%% 65.4
B-glucan viscosity,cps. 10,1 11.3 9.8 S 3,9%% 14,3
Bran 7 ,
Protein, 7 (UDY) 17.6 16.9 18.0 20,9%* 12,8%
Ash, 7 ' 2,804 2,731 2,491 3.515% 2,067%*
B-glucan viscosity,cps. 18,6 31.2 29,7*% 5.1% 52,8%* xS
Shorts | :
Protein, 7 (UDY) 15.1 15.5 15,9 19,1%% 11.7
Ash, % 2,460 2.412 2,259 3.537%* 2,306
B-glucan viscosity,cps. 1,195 1,314 833 23%% 242%

*, ** : Significantly differs from Nubgt at p=0,05 and 0,01 level, respectively.

R
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N Phenotypic, genbtypic and environment correlations among determinations on grain

and flour samples from starch mutants are presented in Table 4-16. Twenty-six samples

repfesenting five isotypes of Nubet grown in several envirohments provided the data for

these correlations. | |

Strong positive relationships appeared between whole grain and flour protein, and
whole grain and flour ash. Highly significant phenotypic correlations fbr these traits indi-
cated the strong influences of grain measurements on the flour quality. Environmental
correlations befween grain and flour protein and grain and flour ash content were highly
significant. These environmental correlations show the strong effect of environment on
 variation among kernel traits. Highly significant ‘positive éorrelations between grain pro-
tein determined by either UDY or the Kjeldahl method and flour yield indicated that
the higher the protein coﬂtent of grain the higher the flour yield. This protein relation-
ship is also shown by protein in the flour. In contrast to the above, the genotypic cor-
relation between grain protein determined by thé UDY method and flour yield and the
environmental correlation between grain protein determined by Kjeldahl method and
flour yield were positive and significant. The relationship of these traits are shown in
Figure 4-14. Significant positive envirorimental correlation between flour yield and grain
protein determined in Kjeldahl method could be explained with this figure. Wide ranges of
grain .protein within genotypes (Fig. 4-14) and no differences detected betweén Nubet and
starch mutants (Table 4-10) indicated that most of the \}ariation was due to the environ-
ments. When the higher protein samples are considered to represent the high protein envi-

ronments, the samples grown in high protein conditions showed highér flour yield than the

samples grown in low protein conditions.



Table 4-16. Phenotypic (P), genotypic (G) and environment (E) correlation coefficients among'determina'tions
on grain and flour samples from barley starch mutants grown in several environments. '

Flour ash, 7%

(8)

0.231

(2) (3) (4) - (5) (6) €) (8)
Grain protein, % (1) P 0.876** 0,112 -0,245 -0,531%* 0,512*%% 0,832**% 0,067
(UDY) G 0.,917* -0,187 0,129 -0.801 . 0.879* 0,826 -0,.564
: = E 0,867% -0,093 -0,354 ~ -0,458* 0,345 0.841%*% 0,243
Grain protein, % (2) P -0,373 -0,156 -0,449* . 0,581** 0,847*% -0,240
(Kjeldahl) G -0.289 -0,136 -0.572 0.678 ° 0,570 -0,761
E -0.340 -0.164 =0,417 0,633*%% 0,945%* 0,165
“Grain ash, 7% 3) P -0.006 0.037 =0,233 -0,141 0.,701%* -
G 0,388 -0.180 0.124 0.379 0.863
. E -0.109 0.232 -0,639%* -0,239 0,712%*%
Grain starch, % ) p -0.196 0,332 -0,050 0,028
: G -0.776 0.633 0.267  =-0,014
E 0,279 = 0,160 -0,117 0,057
Grain B-glucan - (5) P -0,799** «0,404* -0,231
viscosity, cps. G -0,988* «~0,792 -0.327
: - E -0,213 ~0,340 -0.043
Flour yield, % (6) P 0.569%**% ~0,253
’ - G 0.843 0,375
E 0.673%% -0,006
Flour protein, 2 (7) P 0,558%*
(UDY) : - G 0.327
E
P
G
E

Number of samples are phenotypic=-26, genotypic~5 and environment-2l, respectively,
*, ¥* : Significant at p=0,05 and 0,01 level, respectively,

$8
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Significant genotypic correlation between flour yield and grain protein determined
" by UDY method were suspected to bé due to the altered protein associated with Franubet.
: Franﬁbet showed higher flour yield than Nubet _(Figs. 4-13 and 4-14) and higher UDY-
protein than Kj;eldahl protein (Table 4-10); These two traits assoc;iéted in Franubet may
be the reason for the significant genetic correlation; |

Nggative phenotypic correlafiohs betwéen gram protein determined by both
methods> and ﬂ-glucah were significant. The higher the protein content the lower the
p-glucan vist;osity of the grain. The environmental variation of protein appeared to provide
the major contribution to ?the significant correlation. A sigﬁifibant environmental corre-
lation between UDY protein and p‘-glucan viscosity of the grain suppoﬁed this statement.

Correlations between starch confent émd the other deteﬁninétions were not signifi-
cant. These results indicated that’ the starch content of gﬁin was not related to the pro-
tein confent of grain or flour yield. |

| Strong negative relationships were obtained between g-glucan \;iscosity and flour .

yielq (Table 4-16, Fig. 4-15). The higher the g-glucan content of the gi'ain, the lower the
flour yiéld. ﬁoth traits showed random ;aﬁaﬁon among environments within isotypes
(Fig. 4-15), but highl; significant genotypic correlation indicatgd that most of the vari-
ations of these traits were due to the isotypé differences. As shoivn in Table 4-10, Figures
4-13 and 4-1 4, Franubet and Wanubet were distinguished from th;, other isotypes.

Significant phehotypic correlation between flour yield and flour protein indicated
the higher the flour yield was the higher the flour proteiﬁ. The flour yield from the-high

protein grain may. have included more by the outside layers which had a high protein

content.
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Factors Affecting Pearling Index and Pearling Rate

To determine Fhe factors affecting the pearling index, sample size, moisture effects
and isotypes were investigated With Betzes, Compﬁna and Titan isolines. The pearling
index data for sample sizes are presented in Figure 4-16. As can be seen from this figure
the pearling indexes for é given pgarling time were dependent upon sample size. Analysis
of variance of this expeﬁment (Table 4-17) verified these differences. The interactions
betweén isotype and sample size, isotype and ‘pearling time, and sample size and pearling
time were significant, but these variances were relatively small compared to the variances
of the main effects. The linear relationship of pearling index to pearling time among dif-
fere.nt‘ sample sizes for the two isotypes are presented in Table 4-18. The differences of
slopes were significantly different within the same sample sizes. It is iﬁteresting that the
cdvered isotype pearled more rapidly than the hullgss isotype.

With the very high correlation coefficients observed for all sample sizes, it would
appear_athat all three sample sizes are equally accurate. Fifty gram samples were pearled
in subsequent test.s. Barley is usually commercially pearled to 60 to 75 of the original
weight.

The relationship of moisture con‘tentkof the grain to pearling index was tested using
4 Betzes isotypes, eéch grown in 2 environments (Fig. 4-17). Moisture levels ranged from
10 to 30%. The pearling indexes increased as moisture levels increased for the fixed pearl-
ing time of 2 minutes. The waxy endosperm isotypes in both éovered and hulless had
highef pearling indexes than their counterpart normal isqtypes at each‘ moisture level and

hulless isotypes also showed higher pearling indexes than covered isotypes.
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Table 4-17. Analysis of variance of pearling index of Betzes isotypes (hulless vs. coveied)
for different sample sizes with 2 replications.

Source DF Mean square F
Isotype (a) 1 315.36 195,.80%*% -
Sample size (B) 2 5972.87 3708, 51%*
Pearling time © 10 2520.72 1565, 09%*
AxB " 2 10.93 | 6.89%F
AxC 10 3.33 2,07*

B x C | 20 131.06 | 81,38%%
AxBxC 20- 111 ~0.69
Exror | o 66 1,61

Total BT

*, **‘: Significapt at p=0,.05 and 0,01 levels, respectively.

- The analysis of variance (Table 4-19) of the moisture effects indicated significant
interactions between moisture effect and isotype. Hulless types showed slower increases of
the pearling index at the low level of moisture énd increasing sharply at the higher
moisture levels. The covered types showed rapid increases with increasing moiéture at the
low levels of moisture and slc;wer ‘increas.es at the higher levels of moisfure. The possible
explanation of these results was a difference in speed of water absorption between covered
and hulless isotypes for‘ 2 hour steep period used. When comparing genotypes these results

suggest that the comparisons should be made with grain of the moisture level commonly

present for commercial pearling; i.e., air dry. -
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Table 4-18. Regression and conlrelation coefficients between pearling index and pearling
time for sample sizes of Betzes and Nubet.
Isotype Sample size Slope gg:;g:;:::
Betzes 25g -23.79% -0.999%k
" 50g -15.742 -0,999%*
RS 100g -11,10% ~0,999*
Nubet 25g 26,19 ~0.999%*
o 50g -15)_98tl -0.999%*
" 100g -12,06= -0, 999%*

*% 3 Significant at p=0,01 level.

The different letter superscripts indicate a significant difference
within isolines at p=0,01 level.

Pearling indexes and pearling rates of isotypes were compared to determine the
effect of certain geﬁes (Table 4-20). Significant differences of pearling index were present
for each comparison. Pearling indexes of the waxy endosperm and hulless isotypes were
higher than those of the normal pé,rents (isotypes) and brechytic isotypes had a lower
pearling index than the normal isotype. |

The pearling rates were determined by the differences of pearling indexes deter-
mined at two pearling times. Pearling rates of waxy isotypes were signiﬁeantly lower than
those of normal parents and pearling rates of brachytic and hulless isotypes were not sig- |

nificantly different from the normal isotypes.



94

Table 4-19. Analysis of variance of 2 minutes pearling index as affected by % moisture in
grain of Betzes isotypes (hulless vs. covered, waxy vs. normal endosperm).

Source

DF

Mean square F
Endosperm type (A) 1 210,45 434 ,98%*
Hull type  (B) 1 56.10 115,95%*
Motsture level (C) 4 164,44 339, 88+
AxB 1  7.03 14,53%%
AxC | 4 0.06 0.12
B x C 4 8,27 17.10%*
AxBxC 4 1.98 4.09%
Error 21 0.48
Total A 39

%, %% : Significant at p=0.05 and 0,01 levels, respectively,

Correlation coefficients between kernel weight and péarling index within each iso-

type are presentéd in Table 4-21. The variations of the kernel weight within each isotype

were due to environment.

Wabet (waXy Betzes) and the derived Betzes, Watan (waxy Titan)'and' brachytic

Betzes showed significant positive correlations and Wai)ana (waxy Compana) and the

derived Compana showed strong negative correlations.

Since the samples with lower kernel weights consisted of much small grain, and

since many of the smal} grains were found in the pearled offal box during the pearling



Table 4-20. Genotype comparisons of grain weight and pearling indexes for the isogem'c pairs of Compana,

Betzes and Titan grown in different environments.

' ‘ Pearling index Pearling
Genotype Isotype Environments Kernel wt, rate per
: No. mg 1l mins. 1.5 mins. 2 mins. min,, %
Compana  Normal 22 ‘ 50,28 64,9 - 42,7 22,3
Waxy 22 T 48,29%* 67,4%% - 49 ,2%*% 18, 4%*
Betzes  Normal 18 37.79 68.8 - 48.6 20.2
' Waxy 18 36,04%*% 69,7 - 53,1%%* 16.5%*
Titan Normal 16 34,29 70,2 - 47.0 23.2°
Waxy 16 33,76 71.6% - 56,6%%* 15,0%*
Betzes Normal 29 38,60 71.7 62.6 o 18.1°
" Brachytic 29 ’ 30,24%% ’ 68,0%* 58.4%% 19.2
Betzes = Covered 10 39,57 71.9 63.2 - 17.4
19,0 :

Hulless 10 35,33%* 76 ,2%* 66,7%* -

*, *¥* : Significantly differs ‘from normal genotypes at p=0,05 and 0.01 levels,

respectively.

$6
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Table 4-21. Correlation coefficients between kernel weight and pearling index within the
isotypes of Compana, Betzes and Titan.

Genotype Isotype Envir§nments Correlation coefficients
0. : r
Compana Normal 22 - -0,606+*
’ Waxy 22 <0.640%*
Betzes  Normal 18 0.646%*
. Waxy : 18 _ ; 0,904**
Titan ' Normal v 16 0,325
Waxy 16 0.741%*
Betzes Normal 29 0.062
Brachytic 29 _ 0.,727%*
Betzes - Covered ‘ 10 =0,503

Hulless 10 =-0,322

* %%k s Significant at p=0,05 and 0,01 levels.,

opération, the positive correlations for Titan and'Betzes isotypes could bé due to the
shriveled grain. |

The negative correlaﬁon indicated that the larger grain pearled faster than smallef
grain in Compana isotypes. Most of the pearled grain of Compana »and Wapana contained
half kernels. Many broken pieces of kernels were found in pearled offal fractions. The sig-
nificant negative corrglations of these isotypes appear to be because the larger kernels
broke easier than smaller kernels.

Pearling index of a sample for successive time increments provides information on

the action of the pearler on the various layers of the barley kernel. Two isogenic pairs of



waxy endosperm and caryopsis covering isotypes Betzes grown in 2 environments were

pearled in successive increments for 3 minutes.

The relationships of pearling index to pearling time and isotype are presented in

Figure 4-18 and Table 4-22. The pearling indexes for the first 15 seconds show sharp dif-

ferences between covered and hulless isotypes and most of the pearled grain was free

from the hulls. After the first 15 seconds, the grain was pearled at a constant rate as pearl-

ing time increased. The correlation coefficients were r=0.999 and pearling rates per minute

ranged from 13.7 to 17.1%. The pearling rates per minute for normal endosperm isotypes

were significantly faster than those of waxy endosperm isotypes with no difference in

rate-of pearling between covered and hulless isotypes.

Table 4-22. Analysis of variance of pearling index for successive pearling time increments
on Betzes isotypes (hulless vs. covered, waxy vs. normal endosperm).

Source

DF Mean square F
Endosperm type (A) 1 537.1 278%*
Caryopsis type (B) 1 245.6 ‘127**’
 Pearling time (C) 7 1885.0 976%*
AxB 1 13,1 6.8*
AxC 7 0.8 0.4
‘B xC~ 7 17.6 9.1%
AxBxC 7 0;6 0.3
Error 32 1.9 |

%, %% ; Significant at p=0,05 and 0,01 levels, respectively,
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Figure 4-18. Relationship of pearling index to isotypes (hulless vs. covered, and waxy vs. |
normal endosperm) and pearling times in Betzes barley.
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Since the pearling index and pearling faté were linearly dependent upon the peérl-
ing time and endosperm characteristics, the ash content was used to equalize the pearling
index for a comparison of genotypes. In Figure 4-19 the reiationship of pearling index to
ash content fof the different isotypes is shown. The ash contents of the grain, with suc-
cessive layers removed, were probably the same for the waxy endosperm isotypes and their
normal isotypes. The plotted lines of Betzes and Wabet for ash content and pearling index
are probably the same line, as are the Nubet and Wanubet plot.} Since these pairs of iso-
types were expected to have similar ash distribution in the endosperm the lines obtained
from ash content and pearling index represent the pearling rates freed of the pearling time.
Accordingly the relationships of pearling indéxes of waxy isotypes were not different from
the‘normal endosperm isotypes when pearling time is detérmined by ash content. The
relationships of covered isotypes were much different from the relationship of hulless iso-
types. Since the hull of the covered isotypes consisted of mateﬁal with a high ash content

these differences are regarded as the effect of hulls on ash content.
| Pearling index and ash content of pearled grain of starch mutants were compared to
those of Nubet (Fig. 4-20). The pearling rates of Pernubet 1 and Pernubet 2 were not sig-

nificantly different from Nubet and their pearling rates per minute were 18 to 17%. Pearl-

T e Ty

ing rate per minute of Franubet and Wanubet was significantly different from that of

Nubet. Franubet pearled slower than Nubet and faster than Wanubet.

Relationships of pearling index to ash contenfs are presented in Figure 4-21. In
general, ash content was lower as the pearling index decreased, and when the pearled grain
was free from the outside layers, the decreasing _rétes of ash content were stabilized. It

would appear necessary to remove more of the outer layers of the Pernubet mutants to
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Figure 4-19. Relationship of pearling index to ash content of pearled grain of Betzes iso-
types (hulless vs. covered, and waxy vs. normal endosperm).
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obtain pearled barley with a 1% ash content than would be necessary with Nubet or the

other mutants.

| Rat Feeding Trial

Results obtained from the feeding trials of weanling female rats fed barley starch
mutant rations are presented in Table 4-24. Differences were noted in respeet to rat gain
per day and feed consumption between the lcasein diet and barley diets. A. slightly lower
rate of growth was shown for the Pernubet 1 diet as compared to rats fed the Nubet
diet, but no pronounced differences were observed among the other diets. The feed to gain
ratios indicating conversion ranged from 0.228 to 0.246 but the differences were nonsig-
nificant. These results indicated that the energy-nutrition of starch mutants was similar to
Nubet. | | | |

The protein efficiency ratios (PER) also exhibited no significant differences among
~ isotypes. Since these results were obtained with 14.5% protein diets (Table 4-23), no dif-
ferences in the protein efficrency ratios were expected These data mdrcated the protem
conversion to body weight.

Energy consumption and digestible energy. Were estimated and results are preserxted
in Table 4-25 The Franubet diet showed shghtly lower digestible energy than the other

isotypes but the dxfferences were not srgmficant
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Table 4-23. Proxunate analysis of barley starch mutants balanced diets ad;usted to 14.5
- percent protein.

Ration Protein Fat’/ Fiber Ash NFEEI H20

S/ % % % % %
Nubet 14.8 1.6 . 1.3 2.3 73.2 6.8
Pernubet 1 14.6 1.6 1.5 2.6 72.6 7.1
Pernubet 2 . 14,6 1.3 - 1.2 2.3 73.6 7.0
Franubet 14.4 1.8 1.7 2.7 73.1 6.3
Casein = 15,0 2.1 0.1 0.8 75.3 6.7

a/ : Ether extract.
b/ : Nitrogen-free extract.

Table 4-24. Average gain/day, feed consumption, feed efficiency and protein efficiency
ratio for rats fed 14.5% isoprotein diets containing barley starch mutants.

Ration No. of Gain/day Feed consumed Gain/feed PER-&/
rats fed g g/4 weeks ratio

Nubet 8 4,25 501 0.237 1.60

Pernubet 1 8 4,00% 492 0.226 1.55

Pernubet 2 8 4,18 514 0,228 1.56

Franubet 8 4.11 492 0.234 1.62

Casein -8 ‘ 3.64% 416* 0.246 1.63

LSD (5%) 0.19 38.4 NS NS

a/ : Protein efficiency ratio.,

*

¢t Significantly differs from Nubet at p=0,05 level,

NS : Non-significant.
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Table 425. Average energy consumption, energy digested and percent digestible energy
data from rats fed 14.5% xsoprotem diets containing barley starch mutants.

Ration No.. of Energy consumed Energy digested Digestible
rats fed Kcal/day Kcal/day energy, %

Nubet 4 39.9 33.4 | 84.1

Pernubet 1 4 39.7 33.7 83.4

‘Pernubet 2 &4 39.6 32,8 - 84,3

Franubet 4 40,6 33.5 81,6

LSD (5%) . NS NS ‘ NS

NS : Non-significant,



Chapter §
DISCUSSION

Inheritances and Linkages of Starch Mutants

MacGregor et al. (1972) observed changes of starch storage in the pericarp layers of
barley. Large numbers of small starch granule are present in the pericarps during the first
10 days after anthesis but the granules are quickly degraded by alpha-amylase. No starch
granules were detected in the pericarp layers 16 days after anthesis within the limited
number of wlﬁvam examined.

Pe'ricarp starch mutants found in this study appeared to deposit starch in the peri-
carp 12 dﬁys after anthesis. The reasons fdr starch deposition are not clearly understood
but the ﬂour samples milled from pericarp mutants exhibited the same amount of alpha-
amylase activity as the flour sample of Nubet used in the amylogram tests. Preliminary
observations of alpha-amylase activity determined by blue plate agar assay also indicated
no dif fefences between Nubet and the pericarp mutants. Deposition of starch in the peri-
carp was probably not due to a deficiency of alpha-amylase.

As mentioned by Blakely et al. (1979) the testa cells originating from the integu-
ments were collapsed and so closely adhered to the pericarp layer during grain develop-
ment that the pericarp and testa layer could not be identified with microscopic observa-
tion. No significant differences of morphological cell structure and thickness of bran were
found between Nubet and pericarp starch mutants. The pencarp starch mutants did not

appear to have thin or missing bran layers.
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_ Blakely et al. (1979) reported sorghum grain mutants with no testa layer. Tlus
report suggested the possibility of a structural mutant of barley with the bran layer miss-
ing. This mutant was idenﬁﬁed by measurement of the thickness of the pericarp-aleurone
junction under the light inicroscope but quicker methods are required to select efficiently
from a large population. The staining method with iodine or May-Grunwald solution was
considered to be a good method for selecting these mutants; but the chemical compo-
sition of the cells interfered with the selection of structural mutants.

F, segregations for starch in the pe;icarp obtained frorﬁ the crosses between Per-
nubet 1 and Nubet and N.upana fit to a 3:1 ratio. A single recessive gene controlled this
character. No xenia effect was observed. The sced of the F, plants showed the pheno-
types of the parents. No segregation was obtained within the seed from a single plant.

_From a three point linkage study, the location of hulless caryopsis, » and short awn

‘gene, 1k, Qere determined by Eslick et al. (1972). The n and 1k, genes were both located

on the long arm of chrémosome 1 and their recombinations from the centromere were
14.7% for short awn and 7.2% for the hulless caryopsis gene.

The recombination values obtéined from the crosses of trzinsloéations invblvihé
chromosome 1 with n and 1k; were generally lower tl}an recombination values reported
from the crosses between male sterile 10 (ms 1 0) and n and 1k, . No recombination geno-
types between either n and Jk; and the breakpoint of chromosome 1 in the T1-4e, T1-7k
crosses were obtained. These results confirmed the recbmbinations reported by Persson
(i969) which showed the tight linkages between T1-4e and n, and T1-6¢ and T1-7k and
dense ear (ari-d) located near the n gene. These translocations appeared to be exchénged

in the chromosome 1 arm distal to 7k, . The breakpoints of T1-6j and T1-7i occur on
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chromosome 1 near the centromere and T1-3e, T1-5f and T1-6a exchanged the short arm
of chromosome 1 appeared which agrees with prévious results summarized in Table 3-1.

Since the linkage values between pericarp starch mutant 1 (per 1) and the trans-
location breakpoints in T1-6j and T1-7¢ crosses were 1.3% ¢ 0.6 and 5.3% ¢ 2.8, respec-
tively, and the linkage chi-squares were significant, the per I gene is assigned to chromo-
some 1. Though the linkage chisquares of T2-5a and T5-6b crosses were also significant,
excess recombinants in both crosses over that expected with independence suggest that
these segregations should be considered as independent in determining linkage.

From the recombinations obtained from T1-6j and T1-7¢ crosses with per’I , the
gene location of per 1 was estimated. This gene appeared to be located on the lorig arm of
chromosome 1 at a point between the centromere and n. The location of translocatioﬁ

breakpoints involving chromosome 1 and per 1, based on data presented in this paper,

were diagrammed as following.

Chromosome 1

T1-3¢ * | Tl4e **
T1-5€ * Tl-6e *¢
T1-6a * T1-6j T1-7k **
T1-7c * TI-7i  perl n 1k,
e I Fep P
ortarm centromere ong arm
—> O F
13%
53% )
e —>
8%
be- >
14%

*, Breakpoint location considered to be somewhere in short arm, **, or distal to 7k, in
long arm.
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F, segregation of pericarp starch mutant 2 (per 2) was 1019 Per 2 — 109 per 2
per 2. The nearest expected segregation ratios are 3:1, 15:1 and 13:3. The segregation
obtained did not fit any of these ratios.

F, segregation of this gene obtained from the crosses with translocations showed
considerable variation. Three segregat_ions fitted a 3:1 ratio and the other three segre-
gations were similar to that of the parental crosses.

These results indicated other factors were affecting the inheritance of this gene.
Biggerstaff and Eslick (1978) reported unusual segregations from the progeny of the
translocations treated with diethyl sulfate. Gamete lethal sclective genes were assumed to
be the most likely cause of the unusual segregations. One possible explanation for the dis-
agreement of per 2 with the expected ratio might also be gamete lethal gene involvement.
Since the F, segregation of per 2 in combinations with translocations were backcrossed
twice with the parental genotypes, the chances of an association of the gamete selective
gene with per 2 were reduced if the per 2 gene inheritance was influenced by a gamete
selective gene. F, segregations obtained from crosses of the parental genotypes back-
crossed only once would have a greater chance of having a gamete selective gene bresent.

The linkage chi-squares for the crosses between T1-7¢, T1-7i and T5-7g and peri-
carp starch mutant 2 (per 2) were significant and their recombinations were 26.0 ¢ 4.9,
34.2 £ 7.1 and 2.9 ¢ 1.7%, respectively, when the gene was assumed to be a single re-

cessive gene. All these translocations have chromosome 7 in common.
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The breakpoints of T1-7c, T1-7i and T5-7g were identified by Nilan (1964),
Ramage (1971) and Tuleen (1974). The satellite of chromosome 7 (short arni) was fnter—
changed in T1-7c and T1-7i and long arm interchanges were reported for T5-7g. Therefbre
fhe.per 2 gene appeared to be located on the long arm of chromosome 7. The linkage chi-
square of T1-6j was also significant, but an excess of recombinants in this cross was con-
sidered as independent inheritance.

The starch granules of Franubet were angular and hreéular in shape and size. These
shapes formed during the early stages of grain filling. Some starch granules were much
longer than those of Nubet. These extra large granules, however, appeared to be com-
pounded of ﬁany small granules. A few round granules were found in this mutant but
most of them were fractured or cracked and showed a center cavity when samples were
obtained from mature grain. The starch granules of Franubet resemble to some degree the
starch granules of sugary endospérm in corn but the starch content of Franubet endo-
sperxﬁ was very high. The starch granules of rice are similar to the starch granules of this -
~ mutant with regérd to the angular shape, but quite different in size and regularity.

Vitrious endosperms are considered to be due to the high protein content of the
endosperm in wheat. This character has been used as a selection criterion for hard wheat
(Pomeranz, 1971). A vitrious ring around the Franubet endosperm was postulated to have
a high protein content (Eslick, 1981, Personal Communication) but further studies are
necessary to prove this assumption.

The F,; and backcross segregation of crosses of the fractured starch mutant fitted a

ratio of 3:1 and 1:1, respectively. The crossed seeds were all normal starch phenotype.
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These rosults indicated a single gene inheritance with xenia. The genotype of Fra (Normal
starch genotype) appeared to be dominant over the genotype of fra (fractured starch
genotype) in either the heterozygous genotypes of endosperm (Fra fra fra or Fra Fra fra)
and no dossage effect was observed in these endosperms.

The recombinations obfained using translocation homozygote lethals and the frac-
tured starch gene revealed the location of this gene.

Ramage et al. (1961), Nilan (1 964) and Persson (1969) reported the breakpoints of
translocations mvolvmg chromosome 4. T2-4d and T4-5e are exchanged in the long arm
of chromosome 4 and the short arm exchanges of this chromosome are reported to be T3-
T3-4b and T4-Tb. The recombination values obtained from the crosses of T24a, T2-4d,
T3-4d and T4-Se appearod to place the fractured starch gene (fra) distal to those break-
points and over 50 map units diétance from the centromere of the long arm. The indepen-
dent assortments of T3-4b and T4-7b also appeared to support this assumption. The posi-

tion of translocation breakpoints and the fra gene obtained are diagrammed as following.

Chromosome 4

T3-4b* T34d )
T4-7b* ' T4-5¢ T24d T24a fra
. - : Y :_
Shortarm long arm
centromere o 26% >
' = 1% >
b
over S0%

* Breakpoint location considered to somewhere in short arm.
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Characters Associated with Starch Mutants

Side effects associated with starch mutants were observed. The significant reduc-
tion of the grain size of Pernubet 1 appeared to cause a lower yield than Nubet. The
starch content of grain was also lower in Pernubet 1 than Nubet, although the most starch
granules were deposited in the pericarp layer of Pernubet 1. The lower seed weight of
Pernubet l was suspected to be due to inferior deposition of starch in the endosperm and
a genetic association between the pericarp starch gene and grain size. The roll of the peri-
carp starch m the accumulation of starch in the endosperm is not known.

The number of kernels per spike and kernel weight of Franubet were significantly
smaller than those of Nubet but the number of' spikes per m? of Franubet were much
higher than Nubet. No sigﬂiﬁcant difference in yield was found between Franubet and
Nubet. This appeared to be due to the compensating effects of yield components. In addi-
tion to the differences of yield components as compared to Nubet, the shorter height and
later heading were coxistantly associated with Franubet in the several environments.

No significant differences were obtained between Nubet and starch mutants for
chemical composition determined by proximate analysis of the grain except for the
UDY-protein content of Franubet and the starch content of Pernubet 1.

Protein content df grain is influenced to a great extent by growing conditions.
Environmental effects on grain protein were reported by Canvin (1976), Johnson et al.
(1969) and McGuire ef al. (1979). It is generally accepted that the genetic variations of
protein .content are much smaller than the.vaxiations due to environment. Good genetic

gains for protein content were reported with 65 generations of continuous selection for
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high protein in corn. Yielding capacity and seed size were lower for high protein selections
(Dudley and Lambert, 1969). |

Since the UDY method determining protein content is related to the amount of
NH, ions in the sample, the results of the protein analysis determined by the two methods
suggested a difference in amino acid content of the proteins. An amino acid analysis re-
vealed significant increases of lysine and decreases of isoluciene, glutamic acid and proline
in Franubet.

High lysine barley has been studied by many breeders (Munck et al., 1970; Ingver-
son et al., 1975; Jarvi and Eslick, 1975; Ullrich and Eslick, 1978). Most of the mutants
are associated with shrunken endosperms causing lower grain yield.

Franubet had a plump (non-shrunken) kernel with high lysine and this mutant
should be considéred as a new source of high lysine cultivars. |

- "According to Palmer (1979), the main objective of the malting process is to encour-
age the development of flavor compounds and to promote enzymatic hydrolysis of the
protein and carbohydrate reserves of the grain. The synthesis of enzymes such as alpha-
amylase, endo$-glucanase and endo-protease is of primary importance in malting.

Fincher (1975) has shown that the cell walls of endosperm contain 70-75% S-glucan
and 20-25% ambinéiylan. -Because of the chemical nature of these §glucans and the
function of cell walls, which is entrapping.the starch and protein reserves, the degradation
of the starchy endospem; is prevented until .the cell walls of the endosperm are traﬁs-
formed. Significant degradation of g-glucan occurs by the action of g-glucanase during |
malting and in consequence, endosperm starch and protein are exposed to enzymes that

convert to sugars and amino acids (Palmer, 1979).
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Since Franubet showed a significantly lower g-glucan viscosity indicating low g-glu-
can, problems related to f-glucan in malting would be expected to be reduced when this
mutant was used for malting. Only a short period of germination may be required for
developing alpha-amylase and protease. More i'apid modification of the endosperm might |
be expected of this genotype. Some relationship was suspected between low viscosity and
less visual cell wall material in Franubet (Fig. 4-2, Fig. 4-7). Further investigation will be
required to determine this.

An elevated g-glucan viscosity of the waxy genotype was in agreement with results
reported by Fox (198 1). The genetic relationship of viscosity to waxy and fractured starch
endosperms remains to be defined but different mechanisms for control of viscosity are
suspected. ‘

The g-glucan viscosity curves of developing endosperms showed that Nubet endo-
sperm started to increase in viscosity 21 days after anthesis and maximum viscosity was
reached at physiological maturity. This result appeared to agree with a previous study
reported by Coles (1979). According to his suggestion, starch accumulation is nearly com-
plete when the moisture content of the endosperm declines to 40%, whereas the accumu-
lation of g-glucan and hemicellulose occurs near physiological maturity.

Contrasting results are reported on the storage site of the viscoixs substance in the
kernel. Taiz and Jones (1970) suggested that B-glucans.were contained in the aleurone cell

| walls, but McNeil and Albersheim (1975) found the aleurone cell wall consisted of ara-
binoxylan and cellulose. Fulcher et al. (1977) suggested that the main deposition of
f-glucans are at the sub-aleurone cell walls but results showed by Gohl et al. (1977) indi-

cated the highest deposition of g-glucans were near the center of the endosperm.
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The results of viscosity obtained from the fractions of pearled offal appeared to be
similar to the results reported by Gohl et al. (1977). The outside layer including germ,
pericarp, testa and aleurone layer had lower viscosity than the center of the endosperm
and gradually increased from outside to inside. This indicated that the cell walls originating
from the bran and aleurone layers contributed very little viscosity to the grain though
most of the cellulose and hemicellulose are ‘located in these layers. The genotype differ-

ences for g-blucan viscosity of the pearled grain increased as the outside layers of the

grain were removed.

No differences were shown for amylose content, gelaﬁnizafion temperature, paste
viscosity and amylogram curves between Nubet and the starch mutants. These results
indicated that the starch properties were not altered in the mutants. Of particular 'note is
that the structural changes of starch granules in the endosperm of Franubet did not influ-
ence the amylose content or amylogram properties.

| Miller et al. (1973) suggested that the major contribution to the viscosity of
cooked starch paste is the molecules extruded from the granules during cooking. Fox
(1981) reported the relationship of Brabender peak pasting viscosity to g-glucan viscosity
and alpha-amylase activity. A strong negative correlation existed between log 10 Bra-
bender peak pasting viscosity and log 10 alpha-amylase activity. A positive correlation
was fokund between log 10 Brabender peak pasting viscosity and log 10 g-glucan viscosity
within 12 samples of waxy isotypes of Betzes, Compana and Titan. The differences of
Brabender beak 4pasting viscosity between samples treated with HgCl, and without

HgCl, suggested the influences of alpha-amylase on the past viscosities. Effect of low
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B-glucan viscosity in the Franubet flour was not evidgnt in the amylograph viscosity.
Genotype differences are suspected to be the reason for the differing results.
Fast imbibition rate in pearled grains appeared to support the role of surface layers
of the baﬂey kernel in moderating water entry as reported by Brookes et al. (1976).
.. The significant differences of water absorption between Nubet, Franubet and
Pernubet 1 found in either whole grain or pearled grain indicated fast water uptakes by
the endosperms of those mutants. Since kernel sizes of the starch mutants were signifi-
cantly smaller than those of Nubet, these results appeared to be similar to the results
obtained by Briggs (1978). Pearled grain of Wanubet absorbed more water at a significant-
ly faster rate compared to the pearled grain of Nl_xbet. The water absorption of Wanubet
seed appeared to be regulated by surface layers. Since waxy endosperms are basically dif-
ferent in amylose content and viscous substance from normal endosperm, these character-
istics appear to be related to water holding capacity.
The variations obtained suggest the water absorption rate for a given steep time and
the maximum water absorption are variable among barley cultivars and these differences

may be at the maximum when surface layers are removed.

Use of Starch Mutants

| Tempering is generally practiced in wheat milling for toughening bran and changing

the physical characteristics of the endosperm before milling. The milling efficiency is usu-
ally improved with proper tempering. |

Moisture effect; of tempered barley were compared to the recovery of milled

fractions. As moisture level in tempered barley increased, the flour yield recovered from
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the reduction roll was decreased and the bran was increased. Positive effects of tempering
| were reported by Cheiéh et al. (1975). Barley was tempered for 2 to 48 hours and moisture
was adjusted to 14 percent.

Sorum (1977) reported that dry milling of barley produced higher flour extraction
without increasing ash content. The basic tendency of theé'e resplts ;upéorts the results of
Sorum (1977). No sign of improvement on the separation between endosperm and the
bran was noted with differing tempering levels. More recovery of bran appeared to be due
to the endosperm attachment on the bran when barley was tempered to a higher moisture
level.

A considerable amount of a barley sample was lost during milling with Buhler test
mill, especially when the crushed barley sample “plugged” the milling stream. This loss
was mainly due to the suction system on the Buhler test mill. The “plugging™ problem
appeared to be one of the major problems when milling barley with this mill. The feed
rate was adjusted so as to minimize this problem. When the *“plugging” problem was
reduced by using the correct feed rate the recovery of milled product was maximized.

This highest recovery of total of milling fractions in Franubet suggests good milling
properties in this isotype while the lowest recovery for Wanubet suggest poor milling pro-
perties. The tempering, feeding rate, and endosperm characteristics wére suspected to cre-
ate the “plugging” problem but an evaluation method for this problem was not established
in this study. |

Average flour yield of Franubet was increased 13% over Nubet and Wanubet aver-

_aged 16% less flour yield than Nubet. No differences were found between pericarp starch
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mutants and Nubet. Flour yields ranged from 42% té 75% among genotypes and the dif-
ferences from the highest to the lowest within genotypes was 10 to 14 percent. This vari-
ation indicated that the genotype differences on the flour yield appeared to be greafer than
" variation due to environments including the variation originating from the milling process.

The effectiveness of milling barley is characterized by a decrease in flour ash and a
change in ash distribution in the milling fractions. The Franubet flours consisted of signi-
ficantly higher contents of ash and protein and a lower starch content than those of
Nubet. Forty-four percent of the total ash was found in the flour of Nubet and 58% of
the ash wﬁs found in the Franubet flour. Since the outside layers of the kernel consisted
of material high in ash and protein and low in starch content more contamination by
the outside layers was suspected to be present in Franubet flour.

The g-glucan viscosity of the flour was less than grain viscosity and g-glucan vis-
cosity of shorts was very much higher than flour viscosity. Most of the viscous substances
wﬁich caused the differences between grain and flour g-glucan viscosity appeared to be
collected in the shorts fraction. Since the viscous substance was distributed in the endo-
sperm along with starch granules, the collection of these substances in the shorts sug-
gested the separation of starch granules from the viscous substances. Significant differ-
ences were shown for the g-glucan visﬁosity between the milled fractions of Franubet and
Wanubet as compared to Nubet. The differences in g-glucan viscosity between Franubet
and Nubet appeared to reflect the isotype differences for the grain characteristics. The

viscosity of the Wanubet fractions did not seem to be associated with changes in the grain

characteristics.
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These results suggest the flour characteristics may be not only influenced by the
grain characteristics, but also associated with the % flour recovered.

Significant positive correlations between whole grain protein and flour protein‘, and
grain ash and flour ash appeared to confirm the results reported by McGuire (1979) indi-
cating that the strong influence of grain quality on flour characteristics. Significant posi-
tive correlations between flour yield and flbur protein, and protein and flour ash were ob-
tained. These results may be due to a failure to separate flour from the oustide layers of
the kernel. The positive relationship with a strong correlation between grain protein and
flour yield indicated the higher the protein content of the grain the higher the flour yield.
The significant environmental correlation between grain protein (determined by Kjeldahl
method) and flour yield suggests that the genetic variations of protein content among
starch mutants are much smaller than variations due to environment. However, significant
genotypic correlation between grain protein determined by UDY method and flour yield
appeared to confirm the different amino acid distribution in Franubet compared to Nubet.

The inverse relationship with a strong correlation between g-glucan viscosity and
flour yield suggested that the highly viscous substances in the grain were the major factors
reducing flour yield. The significant genotypic correlation indicated that most of the vari-
ations for this correlation were due to the isotype differences.

Factors affecting the pearling index in barley were sample size, moisture content,
pearling time and isotype differences. Effects of sample size, moisture content and pearl-
ing time to pearling index showed basic tendencies similar to those reported by Taylor

et al. (1939), McCluggage (1943) and Kramer and Albrecht (1948).
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Errors associated with the Strong Scott pearler were relatively small and the great-
est variances appeared to be due to the sample differences. Pearling time was suspectéd to
be the major factor causing variation in pearling index. The strong linear relationéhip of
pearling index to pcarling time indicated that pearling properties could be represented by
a comparison of the slope (byx) obtained from two indexes of one sample pearled for
two different lengths of time. |

Significant differences of pearling index and pearling slopes (byx) were found be-
tween waxy and normal endosperm genotypes indicating isotype variation. Higher pearl-
ing indexes at a given pearling time and slower pearling rates were shown for waxy endo-
sperm isotypes compared to their normal isotypes. The pearling rate is an indication of
kernel hardness when comparing hard and soft types of wheat (Taylor et al., 1939;
McCluggage, 1943; and Kramer and Albrecht, 1948).

In general, the harder the grain, the less the material removed‘in pearling. These
results suggested that the grain of waxy endosperm was a harder grain than the normal
isotypes. By the “bite” test waxy endospenh types have been observed to be less hard
than normal endosperm types. Usually opaqueness in wheat is associated with low protein
and softness. Waxy endosperm barleys are opaque. Hardness tested by other methods is
needed to confirm the results observed here. It is possible that high viscosity is associated
with a slower pearling rate.

In the comparisons of normal and bachytic or hulless caryopsis isotypes in Betzes,
isotype differences were found for pearling index but no differences were noted in pearl-
ing slopes between normal and mutant isotypes. These results suggested that pearling rates

were similar for isotypes when the endosperm types Were the same. The pearling index at
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a given time was different between isotypes but this difference is probably related to
kernel shape or size. |

The significant positive correlation between grain weight and pearling index in the
Betzes and Titan genotypes revealed that grain size of a sample affects the pcarlix{g index.
Small kernels or broken kernels in a sample sifted out into the pearled offal and resulted
in a reduced pearling index when determined for a constant pearling time.

The negative correlation of these traits for Compana and Wapana indicated that the
large grains pearied faster. Broken kernels of the pearls in these cultivars probably caused
these results. »

Chung et al. (1974) reported that the resistant forces of the large grain at the initi-
atioﬁ of pearling were greater than those of small grain. The broken kernels observed may
be partially due to thé initial resistance of large kernels. The strong linear relationship
between pearling index and pearling time also indicated that the differences in pearling
rates among grain layers, if they exist in kernels, were not measurable with this machihe.
Probably the pericarp and aleurone layers were too thin to be detected with this machine.

~ Since the pearling rate was directly dependent upon the pearling time and endosperm
properties, the comparisons of optimum pe#hg rates among genotypes were difficult and
other measurements were required to equalize the pearling rates. Ash content of pearled
grain was observed for this purpose and an acceptable relationshib was found between ash
content and pearling rate. Pearling rates among genotypes are comparable only if the ash

contents of genotypes are similar and if the distributions of ash among layers of tissues

are uniform.
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