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Abstract:

'Compana’ sex1, seg3 and seg4, 'Betzes' segl (and seg2), 'Ingrid' seg6 and seg7, 'Glacier' seg5, 'High
Amylose Glacier' amol and 'Hiproly' Iysl, spontaneous shrunken endosperm or low kernel weight
mutants of barley (Hordeum vulgare L.), were compared to their normal isotypes for kernel weight,
protein, and lysine contents. All mutants were lower in kernel weight and higher in seed protein (except
amol) and lysine contents than respective normal isotypes indicating that eight new mutants should be
added to the list of known "high lysine" mutants of barley.

'Bomi,' Risg mutants 7, 8, 9, 13 and 1508 and 'Carlsberg II', Rise mutants 29, 56 and 86, induced high
lysine, shrunken endosperm and/or low kernel weight mutants of barley were also compared to their
respective normal isotypes for kernel weight, protein and lysine contents in several varied Western U.S.
intermountain environments. All mutants were lower in kernel weight and higher in lysine content, and
six of the mutants were higher in protein content, with a relatively wide range of mutant-normal
differences for each character.

The spontaneous mutants sex1, seg4, amol and perhaps Hiproly and most of the induced mutants are
the most likely to maintain a positive mutant-normal difference in lysine percentage if normal kernel
weights were achieved through breeding efforts.

Regression analysis was used to determine for the above mutants the effect of environment on the
expression of the above mentioned kernel characters and eight other agronomic characters. Definite
genotype x environment interactions were detected. The adaptation and stability of response of the
various mutants for the various characters was quite variable. This analysis provided a basis for
choosing environments in which to select with a given mutant for or against the various traits.
Shrunken endosperm is best expressed in environments favorable for large seed in the normal isotypes.
High lysine in the grain is expressed more or less equally in all environments.

The shrunken endosperm and high lysine traits of Risg 1508, and the shrunken endosperm trait of Risg
29 and 86 were found to be inherited as single recessive genes that express xenia, and Risg 29 and 86
were found to be allelic with sex1. These shrunken endosperm genes and those of several other Risg
mutants and amol were assigned to chromosomes by trisomic analysis. Maternal inheritance effects for
seed protein and lysine contents were indicated for Hiproly .

The association between shrunken endosperm and high lysine in barley was firmly established.
Solutions of this problem for breeders is presented.

xiii Risg 1508 is probably the best mutant source of lysine in the grain, but low yield and current
market conditions indicate it is not feasible to grow it commercially as a (swine) feed barley. Risg 7
and High Amylose Glacier seem to have potential in their present state as commercial varieties,
particularly under dryland conditions in Montana. (
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ABSTRACT

'Compana’ sexl, seg3 and segi, 'Betzes' segl (and seg2), 'Ingrid'
segb and seg7, 'Glacier' seg5, 'High Amylose Glacier' amol and 'Hiproly'
lysl, spontaneous shrunken endosperm or low kernel weight mutants of
barley (Hordeum vulgare L.), were compared to their normal isotypes for
kernel weight, protein, and lysine contents. All mutants were lower in
kernel weight and higher in seed protein (except amol) and lysine con-
tents than respective normal isotypes indicating that eight new mutants
should be added to the list of known "high lysine" mutants of barley.

'Bomi,' Risg mutants 7, 8, 9, 13 and 1508 and 'Carlsberg II', Ris¢
mutants 29, 56 and 86, induced high lysine, shrunken endosperm and/or
low kermel weight mutants of barley were also compared to their respec-
tive normal isotypes for kernel weight, protein and lysine contents in
several varied Western U.S. intermountain environments. All mutants
were lower in kernel weight and higher in lysine content, and six of the
mutants were higher in protein content, with a relatively wide range of
mutant-normal differences for each character.

The spontaneous mutants sexl, segi, amol ‘and perhaps Hiproly and
most of the induced mutants are the most likely to maintain a positive
mutant-normal difference in lysine percentage if normal kernel weights
were achieved through breeding efforts.

Regression analysis was used to determine for the above mutants the
effect of environment on the expression of the above mentioned kernel
characters and eight other agronomic characters. Definite genotype
X environment interactions were detected. The adaptation and stability
of response of the various mutants for the various characters was quite
variable. This analysis provided a basis for choosing environments in
which to select with a given mutant for or against the various traits.
Shrunken endosperm is best expressed in enviromments favorable for large
seed in the normal isotypes. High lysine in the grain is expressed more
or less equally in all environments.

The shrunken endosperm and high lysine traits of Ris¢ 1508, and the
shrunken endosperm trait of Risgd 29 and 86 were found to be inherited
as single recessive genes that express xenia, and Risd 29 and 86 were
found to be allelic with sexl., These shrunken endosperm genes and those
of several other Ris¢ mutants and amol were assigned to chromosomes by
trisomic analysis. Maternal inheritance effects for seed protein and
lysine contents were indicated for Hiproly .

The association between shrunken endosperm and high lysine in
barley was firmly established. Solutions of this problem for breeders
is presented.
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Ris¢ 1508 is probably the best mutant source of lysine in the
grain, but low yield and current market conditions indicate it is not
feasible to grow it commercially as a (swine) feed barley. Risd 7 and

High Amylose Glacier seem to have potential in their present state
as commercial varieties, particularly under dryland conditions in




INTRODUCTION

Barley (Hordeum vulgare L.) is an important cereal grain in Montana,

the United States and the world. It is generally classified as a feed
grain, but is used extensively for human food in a number of countries
in the world, particularly developing countries in Asia énd North Afriea.

With the advent of high lysine barley came a renewed awareness and
interest_in cereal quality, especially protein quality. Nutritional
superiority was quickly demonstrated for the "new" high lysine barley
mutants. Development of commercial high lysine cultivars haé Been slow
because shrunken endosperm or low kernel weight is associated with the
high lysine property of barley.

The impetus for the fesea;ch reported herein came from the require-
ment for basic information and understanding of high 1ysine barley mu-
tants for effective progress in breeding barley culti?ars with improved‘
protein quality. The general objectives of this investigation were 'to
1) characterize a group of spontaneous and induced "shrunken endosperm'

mutants of barley for kernel weight, and protein and lysine content,

~2) determine and explain the effect of environment on several kernel and

agronomic characters of these mutants, and 3) accumulate basic informa-
tion on the genes involved such as gene action, chromosome location and

allelic relationships.

|
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LITERATURE REVIEW

The Occurrence of High Lysine Barley

The era of high lysine barley commenced in 1968 with the discovery
of the genetically dependent high protein, high lysine cultivar 'Hiprol&'
(CI 3947) of Ethiopian origin (Munck et al. 1970). It was seléctgd from
tﬁe World Barley Collection by the dye-binding capacity (DBC) metho& of
Mossberg (1969). Subsequently a number of induced high lysine mutants
have been described including the series of Risd Demark mutants
(Ingversen et al., 1973 and Doll et al., 1974) and notch mutants (Bansal, -
1970). Verification of these various muténts as higﬂ lysine ﬁutants has |
been by demonstrating an increased concentration of lysine in the seed
protein compared with normal barley isolines by ion-exchange chromato-

graphy by automatic amino acid analysis (Spackman et al., 1958).

Interest in High Lysine Barley

One of the most significant combined contributions of biochemistry
and animal physiology was the classical work by Osborne and Mendel (1914)
which defined some of thé most important amino acids that are essential
for the growth and maintenance of monogastric animals. They demonstrated
that 1ysine is essential and is the most limitiﬁg amino acid in most
cereal grains including barley.

Nutrition studies with rats, mice,swine and/or poultry and Hiproly

(Munck et al., 1970; Munck, 1972; Thomke and Widstroemer, 1975; Munck
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and Wettstein, 19%6; Newman and Eslick, 1976; and Newman et al., 19775,
the Risg mutants (Doll et al., 1974; Kdie et al., 1976; and Newman and .
Eslick, 1976) and the notch mutants (Balaravi et al., 1976 and Bansal'
et al., 1977) have overwhelmingly demonstrgted the nutritional superi-
ority of high lysine barley mutants over normal barley cultivars.
Herein lies the ultimate justifacatién for studying high lysine barlgy
mutants.

At present in the Northwestern United States the primary protein.
feed supplements are soybean and cottonseed oil meals which have to be
shipped from the Midwestern or .Southern States. Partial or total replace-
ment of these cost1§ protein supplemenfs in non-ruminant feed rations
with high lysine barley would greatly benefit the econoﬁy‘of theiNorthQ
west. Newman et al. (1978) have presented evidence &ith swine to indi-

cate this may be feasible.

frqperties of High Lysine Barley
Mutants . :

Genetic studies have revealed single recessive gene control of the -
high lysine property in barley (Munck et al., 1970; Doll, 1973 and 1976;
Bansal, 1974; Karlsson, 1977; and Ullrich and Eslick, 1977).

The primary effect of these "high lysine" genes is not yet known,

but for the mutants studied, either qualitative shifts within protein

fractions (Ingversen and Kgie, 1973 and El-Negoumy et al., 1977),

quantitative shifts among protein fractions (Ingversen et al., 1973 and’
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. Ingversen, 1975) or a combination of the two (Munck, 1972 and Kg¢ie ét al.,

1976) occur to effect an increased lysine content in the seed protein.
In general, high lysine mutants compared with normal barley have a de-
creased low lysine prolamine fraction and increased higher lysiﬁe gluté;
1lin, albumin and/or globulin fractions accompanied'ﬁith shifts within
fractions (Kdie et al., 1976).

Ultrastructural differences between high lysine and normal barley
endosperm have been observed through transmission and scanning electron
microscopy. Munck (1972) has shown a differencelin the prbtein matrix-

starch granule interphase between Hiproly and its sister-line 'Hiproly

' Normal' (CI 4362), and Ingversen (1975) has demonstrated a shift in the

concentration of protein body components between 'Bomi', Risé mutant
1508 and Bomi . Additionally, Ingversen (1975) has provided informa-
tion that equates protein body component cﬂangé with'low to high lysine
protein fraction shifts. |

High lysine barley mutants have an associated shrunken seed or
reduced seed weight phenotype (Munck et al., 1970; Ingversen et al.,
1973; Doll ef_al., 1974; Doll, 1976; and Balaravi et-al., 1976).‘ A
number of spontaneously occurring barley mutants have been designated

as shrunken endosperm (seg and sex) mutants (Jarvi and Eslick, 1975 and

- Ramage and Scheuring, 1976), which has led to the speculatibn of their

seed lysine content. Eslick and Hockett (1976a) have stated that

'Betzes' segl was higher in seed lysine content than normal Betzes .
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Effect of Environment on High Lysine
Barley Mutants

The adaptation or the effect of environment on plants may be
measured in a number of ways, for example, by the genotype x environ—
ment interaction.in an analysis of varianée° Regression analysis is
another method.

In 1921 Mooers, perhaps, was the first to employ the regression
analysis approach for determining environmental‘responsesAof corn.

Since then, a number of variations of this approach have been described,
including in recent years, those of Finlay and Wilkinson (1963) with
barley, Eberhart and Russel (1966) with corn and Bilbro and Ray (1976)
with cotton. In all of these attempts to grasp the genotype x environ-
ment interaction, the basic objective has been to identify superior
genotypes for felease and recommendation of varieties to be grown under
specified environments. The Montana Agricultural Experiment Station
bréeders.have been utilizing a regfession analysis method for recommend-
ing varieties of small grains since 1969 (Hockett, 1970). Specific
mutant characterization in relation to a normal isotype for enﬁironmen—
tal responses for given traits was first presented by Eslick and Hockett
(1977) for two erectoides mutants of barley and Eslick and Ullricﬁ 1977)

for three high lysine mutants of barley. -
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Genetics of High Lysine Barley Mutants

" Knowledge to date indicates that the inheritance of high lysine
in barley is controlled by single recessive genes. This is true for
all the mutants considered in this investigation that have been studied.

The mode of inheritance of the high lysine trait of Hiproly was deter-

mined by Munck et al. (1970) and the gene was designated lysl. Karlsson

(1976) provided evidence for the assigning of lysl to chromosome 7 éf
barley. The gene action of high lysine for. Ris¢ mutantsv7, 8, 9, 13,
and 1508 was determihed by Doll (1973 and 1976). TFor Risgd 1508,
Karlssén (1977) . and Ullrich and Eslick (1977) found that the trait ex-
presses xenia and they have presented initial evidence for the location
of the high lysine geﬁe on chromosome 7. Doll (1976) demonstfated for
Risd 8 and 13 that shrunken.endosperm and high lysine express xenia,
and are inherited togethér as a single recessive gene(s).

Pomeranz et al. (1972) indicated that the high amylose mutant of
the cultivar 'Glacier' had a higher seed iysine content than nqrmal
Glacier . The high amylose trait (40% amylose) of 'Glacier barley
first described by Merritt (1967) was found to be inheriéed.as a single
recessive gene and td display dosage effects, but no maternal effects
(Walker and Merritt, 1969). Eslick and Ullrich (1977) have suggested
the gene be designated amol.

The inheritance of six non-allelic gpontaneous shrunken endgsperﬁ'

mutants (sexl and segl ~ seg5) in barley and their potential for hybrid
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bérley production and as genetic markers were discussed by Jarvi and

Eslick (1975). Ramage and Scheuring (1976) reported on the inheritance

of segb and seg7.
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SECTION I: LYSINE AND PROTEIN CHARACTERIZATION OF

SHRUNKEN ENDOSPERM MUTANTS OF BARLEY

Introduction

Described high lysine barley mutants have an associated shrunken
seed or reduced seed weight phenotype. This ‘association suggested
further investigation of the described-shfunken endosperm mutants of
barley. The objectives of these studies were to 1) describe the known
spontaneous shrunken endosperm mutants in terms of kgrnel weight and
lysine and protein contents, 2) better establish the expression of the
genes involved or the magnitude of the mutant-normal differences in
kernel weight and lysine and protein contents of several induéed high
lysine, shrunken endosperm mutants in a number of variéd Westerg‘U. S.
intermountain environments, and 3) determine if there are‘any obvious
differences between the induced and the spgntaneous shrunken endospefm

mutants for the characters considered.

Materials and Methods

General

Seventeen mutants were involved in the stﬁdies. Paired compari-
sons were made over a range of environments between the mutants and
their respective normal isotypes for kernel weight and protein and ly-
sine contents. Each mutant-normal comparison involved a different

location and/or year. The paired material was grown in various type
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plots (single row, multiple row, yield nursery, eﬁc.) at various seeding
rates under dryland_and irrigated conditions.

Kernel weight determinations were made on 30g samples of'eaéh‘line
from each enviyonﬁeﬁt. Protein percentages were based on the macro
Kjeldahl technique (N x 6.25). Lysine deterﬁinations were made by AAA
Laboragories of Seattle, Washington using an Automatic Amino Acid Analy-
zer with standard hydrolysis timés, and in our laboratory by a modified
microbiologiqal assay technique (Waters, 1976). All chemical analyses
were performed on ground whole kernel samples. Statistical analyses
included mean comparisons between mutant and normal isotypes By paired
t-test for the various characters studied.

As an approach to explaining why shrunken endosperm mutants are
Higher in percent protein and lysine than normai barleya adjusted pro-
tein and lysine in the grain percentages were calculated on the basis
of adjusting the mutant kernel weight to the normal kernel weight. The

N

following simplified formula was used for this manipulation:

adjusted mutant 7% ; observed mutant % (protein or lysine)

(protein or lysine) normal kernel wt./mutant kernel wt.

Study I: . Characterization of Spon-
taneous Shrunken Endosperm Mutants

The spontaneous mutants in this study are characterized by a
visible shrunken endosperm and/or a detéctable low kernel weight pheno~

type. The mutants with descriptive references include ‘Betzes segl
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(Jarvi and Eslick, 1975; Eslick and Hockeﬁt, 1976a); Betzes seg2;
'Compana' éegB and segh; 'Glacier seg5 (Jarvi and Eslick, 1975);

'Ingrid' segb6 and segl (Ramage and Scheuring, 1976); Compana sexl ,

originally reported as Compana §g§_(Jarvi and Eslick, 1975) but subse-
quently redesignéted as compana sexl (Eslick and Hockett, 1976b); and
Glécier_ amol, high amylose (Meritt, 1967; Pomeranz et ai., 1972).
Hiproly compared with Hiproly Normal (CI 4362) was inclqded in the
study as a spontaneous mutant high lysine check. Seven randomly selected
(from barley fields) spontaneous shrunken endosperm mutants wére also '
analyzed for seed protein énd lysine content. Material was grown from-
1967-77 at various locations including Bozgman, Huntley, Sidney,
Mdccasin, Havre and Kalispell, Montana and Mesa and Marana, Arizopa;

Betzes seg2 is usually propagated from the balanced terfiary tri-
somic because of the very small seed and difficulty of establishing
field stands. ' Information based on the one or two sampies available is‘
included in the tables with no further comment.

Study II: Characterization of Induced
Shrunken Endosperm Mutants

Eight.chgmical and radiation induced mutants were involved in this-_
study, designéted Ris$ mutant 7 (thermal neutrons), 8, 9, 13 (ethyl
methane sulfonate) and 1508 (ethyleneimine) induced in the normal culti-
var Bomi , and 56 (yY-rays), 29 and 86 (ethyl methane sulfonate) induced

in the normal cultivar 'Carlsberg IL'. Initial mutant and hormal
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isogenic seed stocks were obtained through the courtes& of the Agric.
Res; Dept., Danish AES Risd Roskilde, Denmark.
This material was grown from 1974-77 a£ Bozeman, Huntley, Sidney,

Moccasin, Fairfield, Havre, and Kalispell, Montana and Mesa, Arizona.

Results and Discussion

Study I: Characterization of Spon-

taneous Shrunken Endosperm Mutants

- Kernel Weight and Protein Content--All mutants, in comparison with

their normal isotypes,-have lower kernel weights over the range of en-
vironments in which grown‘(Table 1-1). The average mutant kernel weights
range from 38% ( Ingrid segb) to 95% ('Glacier  amol) pf“normal.

All mutaﬁts except High Amylose Glacier have a significantly
higher percentage of seed protein (Table 1-1). Significant mutant-
normal mean differences range from 1.2% protein for Hiproly-Hiproly
Normal to 3.7% protein for Glacier seg5 - Glacier , or from 109% to
129% of normal, respectively. 'High Amylose Glacier', as an exception,
does not have a visibly shrﬁnken endosperm. Its lower kernel weight
may be due to slightly sméller or less dense seed although this is not
detectablé'with yield, test weight, percent plump and percent thin

comparisons (Eslick and Ullrich, 1977 and Section II).

Lysine Content--The lysine analysis data obtained by microbiologi-

cal assay (MBA) are presented in Table 1-2, and the data obtained with




Table 1-1. Kernel weight and protein comparisons of shrunken endosperm
mutants and their normal isotypes.

Kernel weight Protein
No. of Mutant Normal No. of Mutant Normal
Mutant compar- isotype isotype compar- isotype isotype
Variety gene isons means means Differences isons means means Differences
(mg) (mg) (%) (%)
Compana sex 1 8 38.6 47.6 - 9.,0%% 14 17.9 14.4 3, 5k
Compana seg 3 8 26.2 46.9 -10.7%* 12 16.6 14.4 2, 2%%
Compana seg 4 9 37.8 47.8 -10.0%* 10 16.5 14.2 2, 3%%
Betzes seg 1 17 18.8 34.3 =15, 5%* 18 15.9 14.6 1.3%%
Betzes seg 2 1 6.0 40.6 -34.6 2 16.1 14.9 1.2
Ingrid gseg 6 3 15.1 39.9 -24 8%% 7 14.5 12.6 1.9%*
Ingrid seg 7 8 26.8 36.7 - 9.9%* 11 15,0 12.8 2.2%%
Glacier seg 5 7 32.6 45.9 =13.3%* 10 16.3 12.6 3.7%%
Glacier amo 1 20 46.9 49.4 - 2.5%% 21 12.6 12.5 0.1
Hiproly Tys 1 26 38.4 49.2 -10.8%% 26 18.4 1922 1.2%% 5

** Significant at the 0.01 level.




Table 1-2. Microbiological assay lysine comparisons of shrunken endo-
sperm mutants and their normal isotypes.

Mean lysine in grain (%) Mean lysine in protein (%)
Mutant No. of Mutant Normal Mutant Normal

Variety gene comparisons isotype isotype Difference isotype isotype Difference
Compana sex 1 14 .598 .379 .219%% 3.37 2.66 T 1xx
Compana seg 3 12 .534 .391 . 143%% 3.40 2.76 .65%%
Compana seg &4 10 .624 .403 L221%% 3.79 2.87 L9 %%
Betzes seg 1 18 .518 436 .082%* 3-.25 3.05 . 20%*
Betzes seg 2 2 .704 .320 .384 4.38 2.18 2.20
Ingrid seg 6 7 .514 .387 L127%% 3.55 3.09 AT
Ingrid seg 7 11 .488 .407 .08 1%* 3.25 3.20 .05
Glacier seg 5 10 473 .369 . 104%x* 2.93 2.94 -.01
Glacier amo 1 2 .430 373 .057%*% 3.44 3.00 WARSS
Hiproly lys 1 26 .581 448 L 133%% 3.15 2.61 . S4* %

el

* *%x Gignificant at the 0.05 and 0.0l levels, respectively.

>
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the amino acid analyzer (AAA) are presented in Table 1-3.
When considering pefcent lysine in the grain determined by both
MBA and AAA, all mutants have a higher lysine content than their normal
isotypes. Microbiological assay average mutant:values range from 1157
( Glacier amol) to 158% ( Compana ESE;) of normal while AAA average
mutant values range from 109% (. Glacier amol)to 160% ( Compana Eggl)

of normal.

Lysine content expressed as percent of the protein (g/16gN) equal
izes differences in protein when making comparisons. All mutants com-

pared to the normal have significantly higher percent lysine in the

‘ protein when determined by AAA except Glacier seg5 (Table 1-3) and

when determined by MBA except Ingrid seg7 and Glacier segh

(Table 1-2). Mutant values significantly different from normal ranged
from 106% of normal for Betzes segl to 132% of normal for Compana
segh by MBA analysis and 104% of normal for Ingrid seg’7 to 136% of
normal for 1Ingrid segb by AAA analysis. Siﬁilar lysine and protein
results were obtained for two of the mutants considered here; Hiproly
and Betzes segl by Ahokas (1977).

Seed size within a spike is quite variable for 'Glacier segh
(Jarvi and. Eslick, 1975). The presence of plump seed in the samples is
a possible explanation for the non-significant difference between

Glacier gggé_and Glacier in percen£ lysine in the protein. When

sieve size fractions were obtained from bulk samples of Glacier éegS




Table 1-3. Amino acid analyzer lysine comparisons of shrunken endosperm

mutants and their normal isotypes.

Mean lysine in grain (%) Mean lysine in protein (%)
Mutant No. of Mutant Normal Mutant Normal

Variety gene comparisons isotype isotype Difference isotype isotype Difference
Compana sex 1 3 .729 454 .27 5%% 4.17 3.30 .87%
Compana sex 3 3 .630 454 176%% 4.10 3.30 .80*
Compana seg 4 3 .701 454 L247% 4.21 3.30 .91*
Betzes seg 1 4 .587 .469 L118%* 4.07 3.62 45%
Ingrid seg 6 3 .609 .408 .201%* 4.50 3.32 1.17%%
Ingrid seg 7 4 .582 464 L118% 4,08 3.93 .15%
Glacier seg 5 3 . 544 427 L117% 3.58 3.47 % 5 §
Glacier amo 1 8 .481 441 . 040** 4.19 3.76 4 3%%
Hiproly lys 1 16 .791 .542 . 249%% 4.35 3.23 1.12%%
* %% gSignificant at the 0.05 and 0.01 levels, respectively.

s
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grown in three environments and protein and lysine contents determined,

there were no significant differences among sieve size means .(Table

1-4).

Table 1-4. Mean protein and lysine contents of sieve size fractions
of Glacier seg5 and of random samples of Glacier and
Glacier seg5 obtained from grain grown in three common
environments. ’

MBA . MBA
) No. of Kjeldahl Lysine .in Lysine in

Type of Sample Observations Protein (%) Grain (%) Protein (7%)
on 2.8 x 19 mm sieve 2 14.8 .430 2.90
on 2.4 x 19 mm sieve 3 15.1 433 2.88
on 2.2 x 19 mm sieve 3 15.8 .463 2.91
on 2.0 x 19 mm sieve 3 15.7 460 2.94
thru 2.0 x 19 mm -sieve 2 14.4 .432 "3.02 -
Random Glacier 3 12.3 .370 3.00
Random seg5 3 15.2 . 468 3.08
Differences

(mutant-normal) 2.9% .098%* .08

*#Significant differences at 0.05 level were determined by pair
t-test. :

Plump seed may be obtained from homozygous 'Ingrid‘ seg/ plants in
some environments (R. T. Ramage, personal communication). Some plots
within the range of environments involved in this study also yielded
plump, seed. Microbiological assay analyses involved all environments
in Whichlgggvaas gfown and, therefore, plump seed were anélyzed and
the data averaged with data from shrunken seed. When the obviously

shrunken or smallest seed were selected and analyzed from bulk samples
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of Ingrid seg/ from each enyiromment in which it was grown, the mutant-
normal mean difference in MBA percent lysine in the protein (~0.11%) was
non-significant. 'On the other hand, only seg7 samples from environments.

that produced shrunken seed were analyzed by AAA and a significant dif-

- . ference between mutant and normal in percent lysine in the pfotein was’

obtained (Table 1-3). Comparing the obtained mut;nt—normal differences
from common environmments by the two methods of analysis, the MBA mean
difference was still non-significant while the AAA mean difference was
significant. The standard error was consi&erably higﬁer for'thé MBA

analysis.

General-—~It could be postulated that normal barley may have lower

. protein and lysine percentages in the grain than the mutant barley because

of a starch dilution effect (Tables 1-1 and 1-2). This hypothesisycan-be
tested, at least theoretically, by adjusting the mutant kernel weight
upwards to the nofmal kernel weight and calculating gdjusted protein
and lysine iﬁ thg grain percentages. The data presented in Table 15
represent this type of manipulation made possible by the faét that mutant-
normal pairs are isogenic lines and the data are paired.

The mutants do not "behave" similarl& when they are calculated as
"plump." .The adjusted mutant-normal difﬁerenée in percent protein was
non~$ignificant fqr some mutants. The deposition of starch in thesg

shrunken mutants may be restricted more than protein deposition during




Table 1-5. Theoretical comparisons of shrunken endosperm mutants adusted

to normal kernel weights and their normal isotypes for mean
Kjeldahl protein and MBA lysine contents.

Protein (%) Lysine in grain (%)
Adjusted Observed Adjusted Observed
Mutant No. of mutant normal mutant normal

Variety gene comparisons isotype isotype Difference isotype isotype Difference
Compana sex 1 9 14.6 14.1 0.5 .568 412 . 156%%
Compana seg 3 8 9.5 13.9 =4 bxx .328 .415 -.087%*
Compana seg 4 9 1322 14.1 -0.9 .518 412 . 106%*
Betzes seg 1 16 8.6 14.5 =5.9%% .281 .435 - . 154%%
Ingrid seg 6 3 .1 }72.3 =7 . 2%* .184 .396 -.212%%
Ingrid seg 7 8 9.8 R2SS -2, 7%% .310 .401 -.091%
Glacier seg 5 6 10.6 11.9 -1.3 327 <385 -.048%%
Glacier amo 1 20 12.0 1245 -0.5 .402 31D .027*
Hiproly lys 1 26 14.4 |7 -2.8% .456 448 .008
* ** Gignificant at the 0.05 and 0.01 levels, respectively.

’

+ Adjusted mutant 7, =

observed mutant % (protein or lysine)

normal kernel wt/mutant kernel wt.

8T
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during grain filling. With the remainder of the mutants, the.adjusted
percent protein of the ﬁutants was significantly lower than hormal.
This perhaps indicates that protein as well as starch deposition is
severely affected in the mutant kernel. |
For those mutants in which protein aécumulatidn in the kernel may
be relatively little affected, it might be expécted that lysine accumu~

lation be little affected. This may be true for Compana sexl and segi

and Glacier amol as the mutant-normal difference in percent lysine in

. the grain is positive and significant whether the mutant is shrunken or

calculated as "plump." These results might also indicate that a genetic
deficiency in kernel plumpness increases lysine deposition in the kernel,
as adding starch or weight to the kernel did not‘significantly dilute

the lysine content. For Compana seg3, Betzes segl and -Ingrid

segb and seg/ in which protein deposition in the kernel appears to be
restricted, lysine deposition also appears to be restricted as indicated
by the significant negative adjusted mutant-normal difference.

If these theoretical considerations have validity, a practical
épplication'of the results would be to give the brgeder a basis for

selecting "high lysine" mutants, with which to work, from a relatively

large number of possible candidates. It would appear that those mutants .

that maintain a significantiy higher pérqent lysine in the grain with
calculated added kernel weight or plumpness would be most desirable,

e.g., sexl, ‘segh, amol and perhaps Hiproly .

]
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If remains that the described shrunken endospgrm or low kgrnel
weight mutants of barley have associated high protein and highllysine
&haracters with few poséible excepti&ns. The data presented iﬁ this
ﬁaper indicate that eight "new" mutants should be added to the list of
known high lysine mutants.

These associations were also obtained from seven randomly selected
"new" spontaneous shrunken endosperﬁ mutants from segregating material
and commercial barley fields (Table 1-6). From single paired compari-
sons, five of the mutants were higher in percent proteip than appfoprif
ate normal checks, all were higher 'in lysine content éxpressed as percent
of grain, and five were higher in percent lysine in the protein, indi-
cating that "high lysine" mutants of this type can be rélatijély easily

obtained by searching for shrunken endosperm mutants in barley fields.

Study- IL: Characterization of Induced

Shrunken Endosperm Mutants

Kernel Weight--All mutants, in comparison with their normal iso-

types, had lower kernel weights over the range of environments.iﬁvolvedA
in this study (Table 1-7). The mean mutant kernel weights ranged from
72% (Ris¢d 8) to 94% (Risd 7) of the normal'isotypes.‘ The magnitude of
the mean kernel weight difference is relétivély sma;1 for several of

the mutant-normal pairs (Risé 7, 9, 29, 56, 86), particulérly in com-

parison to the spontaneous shrunken endosperm mutants of barley grown




Protein and lysine comparisons between randomly selected shrunken endosperm mutants

Table 1-6.
- and normal endosperm barley.
. % Protein % Lysine in Grain %Z Lysine in Protein
Variety Mutant Normal Diff. Mutant Normal '~ Diff. Mutant  Normal  Diff.
Segregating
Material +  14.0 12. 1.7 .600 .360 .240 4,28 - 2.93 1.35
X 4.8 16.0  -1.2 .49  .440  .050  3.31  2.75  0.56
" 18.0 12. - 5.5 . .660 460 .200 3.67 3.73  -0.06
i, +  15.5 12. 3.2 .508 .360  .148 3.28 2.93  0.35
" 15.9 18. -2.6 .SOé .436 .072 3.19 2.36 0.83
Klages + 18.1 12. - 5.8 .526 .360 .166 2.91 2.93  -0.02
" t  14.7 12. 2.4 .544 .360 .184 3.70 2.93 0.77
Compaﬁafﬁ_ ———————— 11. 60 3,08 - B
Steptoe 11. .360 3.10
Hiproly 17.9 16. 1.9 .640 .414 .226 3.76 2.58 1

.18

3]
it

+'Betzes' was used as a normal check

in lieu of a normal isotype.




Table I-7. Kernel weight and protein comparisons of induced shrunken endosperm mutants
and their normal isotypes. i

- Mean kernel weight (mg) - Mean protein (%)
"No. of o : No. of
compar— Mutant Normal - Difference compar— Mutant Normal  Difference
Ris$p mutant isons. isotype isotype mutant-normal isons isotype disotype  mutant-normal

7 28 42,2 44.7 ~2.5%% 28 13.2  13.2 . 0.0

8 26 32.6 45.0 —12.,4%% 26 14.4 13.2 1.2%%

9 26 39.6 - 45.1 -5, 5%% 28 13.2 13.2 0.0
13 27 35.6 45.0 -9, 4%% 28 15.0. 13.2 1.8%%

1508 b4 34.3 43.4 Lo.1xk 47 13.8 13.2 0.6%% =

29 33 - 36.5 39.3 . -2.8%% 36 14.0 12.9 1.1%x

56 25 35.9 39.7 | _3.8%x 28 14.7 - 12.9 1.8%%

86 33 34.0 39.2 ~5.2%% . 36 14.7 12.8 1.9%x

**Significant at the 0.0l level.

il
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in similar environmenté (Table 1-1).Doll (1976) detected no difference
in kernel weight between Risd 7 and normal Bomi .
.In the environments involved in this experiment Ris@d mutants 8,

13, 1508, 29, 56, and 86 displayed a shrunken kernel phenotype in which

'Xenia was expressed. Risg mutants 7 and 9 produced kernels that were

plump in appearance. Doll (1976) stated that Risg 9 produced shrivelled

seed under Danish test conditions.

Protein Content--All mutants except Risd 7 and é-had a significantly
higher percentage of seed protein than the normal isotype (Tab;e 1-7).
Forlthose mutant-normal pairs with éignificant diffefeﬁces, the relative
mean mutant protein contents ranged from 104% (Ris¢d 1568) to 115% (Risd
86) of the normal isotype. Risg 7 and 9, as exceptions, do not manifest
a visibly shrunken endosperm as indicated above. Thesg findings are
similar to those for the spontaneous shruﬁken endosperm mutants

(Table 1-1).

Lysine.Content——By microbiological assay all mutants had a higher

lysine content than their normal isotypes whether éxpressed as percent

in the grain or in the protein (g/l6g N)(Table 1-8). Mean . mutant values

ranged from 113% of normal for Risd 9 to 157% of normal for Risgd 1508
for percent lysine in the grain and 113% of normal for Ris¢ 7 to 14% of
normal for Risd 1508 for percent lysine in the protein. In the environ-

ments considered in this study all mutants in general ‘had a higher




Table 1-8. Microbiological assay lysine comparisons of induced shrunken endosperm mutants
’ and their normal isotypes. '

Mean ‘lysine in grain (%) Mean lysine in protein (Z)
‘Egﬁp2£—' Mutant Normal Difference- Mutént Normal Difference
Risgp mutant isons isotype isotype mutant-normal isotype isotype mutant-normal

7 28 .435 . .384 .051** 3.30 2.93 | L37%%
8 26 .548 .386 L162%% - 3.80 - 2.92 .88%%
9 28 434 . 384 .050%% 3.32 2.93 .39%%
13 28 . 544 .384 .160%% 3.68 2.93 .75%%
. 1508 47 . 607 --.386 L2211 %% . 4,39 2,95 . 1.44%%
29 36 ..507 .391 _ L116%% 3.66 3.07 .59%%*
56 28 .538 .379 J159%% _ 3.69 2.97 LT2%%

86 36 . .514 .390 124%% 3,56 3.06 S 50

**Significant at the 0.01 level.

%e
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1§sine in the protein percentage relative to their normal isotypes com-—
pared With'the findings of Ingversen et al. (1973), Doll et al. (1974)
and Doll (1976).
With relatively fewer comparisons by amino acid analysis,

(Table 1-9) Ris¢ 9 was not significantly different from normal Bomi

- in percent lysine in the grain or in the protein, and Risg 56 was dif-

ferent from normal Carlsberg II in percent lysine in the protein at
the p = O.ld level only. All other mutaﬁts ﬁere significantly higher
in percent lysine in the grain and in the protein than their normal
isotybes.

Mutant means significantly different from normal ranged from 110%
(Risgd 7) to 1487 (Risd 13) of the normal isotypes for percent 1ysinéAin
the grain and 112% (Risé 7) to-140% (Ris¢ 1508) for percent lysine in
the protein by amino acid analysis (Table 1-9).

Consideriﬁg shrunken endosperm mutants in general and comparing

the induced Ris¢ mutants with the spontaneous mutants (Section I,

Study I) the relative lysine in the grain percentages are similar. The

Risd mutants have a slightly higher relative percent lysine in the pro-

tein than the spontaneous mutants.

General--The results of this study, support previous findings that
in barley there is usually a negative association between kernel lysine
content and kernel weight or plumpness (Munck et al., 1970; Ingversen

et al., 1973; Doll et al., 1974; Doll, 1976; Balaravi et al., 1976,




Table 1-9. Amino aéid analyzer lysine comparisons of induced shrunken endosperm mutants

and their normal isotypes.

Mean lysine in grain ()

Mean lysine in protein (%)

Egﬁp2£— Mutant Normal Difference Mutant . Normal Difference
Risd mutant isons -isotype isotype mutant-normal isdtype isotype mutant-normal
7 3 T .502 -.456 .046% 4.14 3.69 | J45%%
8 3 .613 .456 J157%% 4.78 3.69 1.09%=*
.9 3 .456 " L4567 ..000 3.80 3.69 .11
13 3 .673 » .456 .217% 4.88 3.69 1.19%=*
1508 7 ‘.594 .428 .166%% 5.05 . 3.62 1.43%=%
29 4 | .571 L450 _.121** 4,58 3.77 .81%%
56 3 .601 - .453 - 148% 4,52 3.90 .62
86 5 .593 441 .152%% 4 3.70 T THE*

A7

*, %**Gignificant at the 0.05 and 0.0l levels, respectively.

T
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Section I, Study I and Séction III, StudyIV). In Seétion I; Study I it-
was postulated tha£ a starch dilution effect could caﬁse mutant-normal
differences <in protein and lysine content. This ﬁypéthesis may be
tested as in Section I, Study I. Adjuéted mutant-normal differences in.
percent protein were non-significant for Risg 29, 56 and 86 (Table 1-10).
The deposition of starch in these mutants may be restricted more than
protein deposition during grain filling. The adjusted percent pfotein
values for the Bomi , Ris¢ mutants were significantly lower thap normal
Bomi , indicating that protein as well as starch deposition is severely
affected in the mutant kernel.

For all.mutants, except Ris¢ 8 and 9, the adjusted mutant percent
iysine in the grain was significantly higher than their normal isotypes.
This may indicate that a genetic deficiency in kernel plumpness or
weigﬁt inéreases lysine deposition in the kerﬁel, as adding starch or
weight to the kernel did not eliminate a prédicted high- lysine content
in a plump kernel. A

It would appear that, if these theoretical considerafions have pre-
dictive value, those mutants that maintain a significaptly higher per-
cent lysine in the grain with calculated added kernel weight shouid have

the mos;'potential in a breeding program for high lysine barley. :It

_must be considered that these theoretical results do not indicate that

the negative association between shrunken endosperm or low kernel weight

and high 1ysiné can necessarily be overcome using these mutants.




Table 1-10.

Theoretical comparisons of induced shrunken endosperm mutants adjusted to
normal kernel weights and their normal isotypes for Kjeldahl protein and
microbiological assay of lysine in the grain.

Mean protein (%)

Mean lysine in grain (%)

Adjusted Observed Adjusted Observed
No. of mutant normal Difference mutant normal Difference
Risg mutant comparisons isotype isotype - mutant-normal isotype .isotype mutant-normal
7 28. 12.5 13.2  ~0.7%% - 412 .384 - .028%
8 25 10.3 13.1 -2.8%% .388 .-386 .002
9 26 11.6 13.2 . =1.6%% .380 .387 -.007
13 27 11.8 13.1 . =1.3%% 433 . .385 .048%% 12
1508 44 11.0 13.3 -2, 3%% 481 .386 1095**‘
29 33 13.2 13.0 0.2 = - 482 .397 ' .085*#
56 25 l3.3- 13.0. 0.3 494 .386 .108%=*
86 3§- 12.9

12.8 -0.1 .456 .397 .059%%

'*,**Significant at the 0.05 and 0.01 levels, respectively.
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Summary

This study has determined that the designated sponfanebus shrunken
endosperm mutants of bgrley (§ggljz:and sexl) are low in kernel weight
and high in grain protein and lysine. The high amylose mutant (amol) of
the>cu1tivar Glacier 'was also found to be low in kernel weight and
high in grain lysine bu£ not protein. This adds eight "new'" mutants to
the list of Bafley high lysine mutants described in the literature.

The induced high lysine Ris¢ mutants studied (Risé 7, 8, 9, 13,
1508, 29, 56, and 86) have a reduced kernel weight and in gehergl have a
higher grain lysine content relative to their normal isotypes in the
environments considered, than has béen previously reported in the liter-
ature. 'All mutants except Risé-7 and 9 had higher seed protein as well.

A similar spectrum of mutants occurred, whether they were spontan-
eous and visually selected or induced and chemically éelectgd. Consider-
ing all the mutants involved in this study, whether they are designated
as '"high lysine'" or '"shrunken endosperﬁ" appear to be a matter 6f choice.
A cause and effect relationship has yet to be established.

- By mathematically,aéjusting the mutant kernel weights to nofmal
kernel weights and recalculating percent protein and lysine in the grain.
for both the spontaneous and induced mutants, a variety of results were

obtained. The adjusted percent protein of the mutants was either the

same or lower than their respective normal isotypes, but none remained

higher. Overall, most mutants remained higher in adjusted percent
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lysine in the grain buf some were the same and some were lower than
their respective normal isdtypes. This indicates that perhaps most of
the mutants would maintain a positive mutant-normal difference in lysine
percentage, if normal kernel weights were achieved through breeding

efforts.
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SECTION II: EFFECT OF ENVIRONMENT ON BARLEY

SHRUNKEN ENDOSPERM MUTANTS

Introduction

In évaluating new or mutant plant types isogenic analysis may play
an essential role. Mutant-normal comparisons of means for selected
characters are important in characterizing a mutant, but these indicate
only average responses. Determining the adaptation and stability of a
mutant over a range of environments or within certain environment
groupings, is also desirable and criticai to the total evaluation of the
mutant. The effect of environment on a plant type is usually termed
genotype X environment interaction. Regression analysis is one general
approach to determining and explaining genotype X environment interac—
tions.

This study encompassed the nine spontaneous and eight induced high
lysine, shrunken endosperm mutants and their normal isotypes, which have
been comprehensively described for kernel weight and lysine and protein
contents-in Section I. The objective of this study was to determine the

| effect of environment on several kernel‘and agronomic characters of
these mutants using a regression analysis approach. Selection of a
given trait of interest should.be enhanced by knowledge of the kind of

environments in which the trait is best expressed.
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Materials and Methods

Seventeen shrunken endosperm or low kernel weight mutants and their
normal variety isotypes were involved in this study; the same mutant-
normal pairs as those considered in Section I, except the Betzes

seg2 - Betzes pair is excluded. The same kernel weight, percent pro-

tein and percent lysine paired data, as in Section I, were utilized here,

except they were used in the application of correlation and regression
analyses. Iﬁ addition, yield, test weight, percent plump, percent thin,
plant height, heading date and pgrcent lodging paired data were analyéed.
WithAthe exception of percent plump and percent thin for some of the sex
and seg mutants, the additional characters were measured invconjunction
with Montana Intrastate and USDA Western Spring Barley Yield nurseries
grown at Bozeman, Huntley, Sidney, Moccasin, Fairfield, Havre and
Kalispell, Montana. A randomized complete block design with four repli-
cations was used in these trials with three or four row plots, 6 or 3
meters in length, respectively, and with alrow spacing éf 30 centimeters.

2

The central 1.44 m“ of each plot was harvested for yield determi-

-nations. Test weights were determined with a standard Ohaus test weight

measuriﬁg device. Pércent plump (on 2.4 x lé mm sieve) and percent thin
(through 2.2 x 19 mm sieve) were determined with a timed sieve shaker
device from 100 g random kernel sampies‘frém the seed harvested from
each plot. Plant heights were the average of three measurements taken

from the groﬁnd to the tip of the main culm (less the awns) in the
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central 1.44 m? of each plot after the plants had fully headed. Heading
date was determined when 50 percent of the plants in fhe plot had headed
(at least 1/2 of the head emerged from boot of the mainlculm). Percent
lodging was determined by the degree and prevalence of lodging at harvest'
time.

Paired data from 1966-1978 over a relatively wide rénge of Western
environments were analyzed. Means were compared by paired t—tesf,'énd
correlation and regression,analyséé were performed for eacﬁ mutant-
normal isotype pair for each character studied. The normai isotype was
assigned the x—array and the mutant isotype thevy—arrayt Regréssion
coefficients (byx) were calculated with the recognition tha£ the x
(normal iéotype) variaBle was not fixed. The assumptioﬁ is made that
for each x, the sample value of y is drawn from a nprmal population.that

L : . 2 '
has a mean, p = o + By ; and a constant variance o (Snedecor and

¥x
Cochran, 1967).

In addition to the statistics (x vy, r2 and byx) derived from the
data, graphs were constructed for each character studied utilizing the
appropriate means and byx values. The namedisotype (y-axisg) was piotted
against the normal isotype (x—axis). If the named isotype is the nor-
mal isotype, a uﬁity line results with a slope and r equal to l.d. If

the named isotype is the mutant isotype, the resulting line is'a linear

regfeséion line with a slope equal to the appropriate byxf
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Results and Discussion

Interpretation of Regression
Analysis :

Thelunity line of the regression plots is interpreted as the:reé
'sponse of the normal isotype and the regression line the response of the
mutant isotype over the range of environments testéd. The assumption
is made that the x-axis represents a range of environments (toward the
X,y axes coordinate are low protein, yield, plant height," etc. gnviron—-
ments and toward‘the_opposite end are high protein, yield, plant height,
etc;, environments) . )

The 1ﬁtercept of the mutant isotype mean with fhe norﬁal isotype
mean'determinés the ?elative‘position of the regresgioq line. fhe slope
of the regression line (byx) is intgrprgted as a measurelof édéptation
or how a mutant responds to changes in envirommental conditions in cqm—'
parison to a selected "check". A t-test is performed to determine if
the calculated regression coefficient is significantly different from
1.0 or the unity line (Snedecor and Cochran, 1967). This aliq&s inter-
pretation of the mutant response relative to the response of the normal
isotype. "It allows for an answer to the questidn, "Does the mutant
isotype respond differently than the normal isotype to changes in the
environment as measured by‘the "check" or narmal isotype?".

The magnitude of the coefficient of determination (fz) indicates

the percentage of the total variation that is accounted for by the

o
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mutant-normal association. The greater the effect of variation in the

environment on the response of either mutant (y) or normal (x),-the lower
the r? valde. _These variations would appear in an analysis of variance
as a portion of the genotype x environﬁent interaction, the remaining
portion being‘represented by deviation c'>f_byX from a slope of ;.O. These
components are not differentiated in the genotype X enviromment inter-
action term in an analysis of wvariance. |

The coefficient of determination is also a measure of the closeness
of fit of the mutant (y) values to the'regreésion line. This may be
equated with a measure of stability (Bilbro and Ray, 1976). ‘Since
mutant isotypes are compared to respective normal isotypgs in this
study, stability is defined.by both r2 and whether byx is different from
a slope of 1.0. For a given character, a stable ﬁutant is one that has

a significant and high r2

and a byx that is not different from a slope
of 1.0. A stable mutant responds with a high degree of predictability
aﬁd is consistently greater than, equal to, or 1ess.than the normal
isotype for a given character in all environments tested.

When considering characters like yield, in which absolute values
are measured and plotted, a be of 1.0 indicates a constant mutant-
normal relationship in absolute units, but this relationship in per-
centage terms changes along the length of the regression line. Con-

versely, when a byx is different from 1.0, the mutant-normal percentage

relationship may be constant, while the absolute relationship varies.
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If tﬁe regression éoefficient is significantly different from 1.0,
we may at;ribute this to an explainable difference associated with a
significant genotype x enviromment interaction as might be observed in

an analysis of variance table, whereas 1.0 - r2

could be interpreted as
the non-associated portion of the genotype X environment interactionm.
Single (non-replicated) paired comparisons can be used in this

regression analysis approach, whereas, they could not be in an analysis

of variance.

Kernel Weight

All mutants were lower in mean kernel weight than their normal iso-
types. The environmental response of the mutants for kernel weight was
variable (Table 2-1 and Figure 2-1). The slopes of the regression lines

of sexl, segh, amol and Risd 9 are not different from 1.0 indicating

environmental responses for kernel weight similar to their respective
normal isotypes over all enviromments tested. The r2 values are rela-

tively low, and for sexl and seg5, r is non-significant, indicating a

considerable amount of vafiation not associated with the responses of
the normal isotypes.

The calculated byx's for the remainder of the mutants are signifi-
cantly different from a slbpe of 1.0 (Table 2-1), which_means that for
a given mutént—normal pair, kernel weight differences are greater or
less depending upon environmeﬁtal responses of the normal isotype.

There may be enviromments where the mutant-normal means are different




Table 2-1. Kernel weight (mg) comparisons between barley shrunken endosperm
mutants and their normal isotypes.

Normal Normal isotype (x) Mutant isotype (y) Difference - 7:

cultivar comparisons mean X-y yx s
Spontaneous mutants
Compana sexl 9 .8 39.1-54.7 39.8 33.4-49.9 8.0%* 0.42 .180
Compana seg3 8 +9 5 39.1=<51.7 26.2 23.1-31.4 20.7%% 0.25%*% ,116
Compana segé 9 .8 39.1-54.7 37.8 35.0-40.3 10.0%* 0.15%*% 157
Betzes segl 17 .3 21.9-40.1 18.8 12.4-22.1 15.4%%* 0.05%* _005
Ingrid segb 8 od « 35:2=43.8 14.5 11.5-18.0 25.2%% 0.54%*% _617%
Ingrid seg? 8 .5 31.2-48.6 27.4 17.4-39.2 10.1* 0.59*% ,202
Glacier seg> 7 .9 40.4-51.4 32.6 26.9-35.9 13,.3%% 0.46 .368
Glacier amol 20 .4 42.1-55.6 46.9 38.3-57.8 2.5%* 0.77 AT79%%
Hiproly Norm Hiproly lysl 26 .2 39.9-57.0 38.4 32.9-45.1 10.8%** 0.48%%  501%**
Induced mutants
Bomi 28 sPa 353 .0 Rl s 34 .8 2,5%% 0.67** ,680**
Bomi 26 20 36.% o 326 25 -9 12.4%* 0.52%%  420%*
Bomi 26 23652 .0 3956 27. 3 5.5%* 0.85 A428%%
Bomi 27 <0 3651 .0 35.7° 360, +6 9.3%% 0.47%% _ 698*%*
Bomi 44 4 34,0 .0 34231 =27 4 9.1%% 0.46%%  7]11%%*
Carlsberg II 33 23.32.3 .8 365 128 = 2.8%x% 0.67*%% _706%*
Carlsberg II 25 o 32,9 .8 3929 30. i 3.8%% 0.55%*% _4]19%%*
Carlsberg II 33 2 "32.3-47.8 34,0 26. 5 | 5.2%% 0.56*%* ,326%%*

*,** Significant at the 0.05 and 0.01 leve
7 Significant differences from a slope of

respectively.
.0 are starred.
+ Significant correlations of paired values are starred.

LE
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Figure 2-1. Kernel weight relationships between barley shrunken
endosperm mutants and their respective normal isotypes.
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and environments where the means are not different. ¥For this grouping of
mutants, in whigh the byx is different from 1.0, the mutant-normal dif-
ferences diminish in the lower kernel weight environments as established
by the nofmal isotype (Figure 2-1). Lower kernel weight environments
probably represent conditions of stress.

If the regression line for Ingrid - Ingrid segb in Figure 2-1 ié'
noted, and the mean difference and r2 in Table Z—i considered, in spite
of the byx being different than 1.0, the conclusion, éven with extrapo-
lation, would be that in all environments segé would have a significaﬁtly
lower kernel weight than Ingrid .

Considering Figure 2-1 for all mutant-normal pairs with a byx.dif—
ferent than 1.0, the greatest mutaﬁt—normal differences are observed in
the higher kernel weigh£ environments. Selection for or against'this
trait would be.most productivg under éondi;ions that favor large seed of
the normal isotype, since this is where the shrunken trait is best

expressed.

’

All mutanté eicept amol, Risg 7 and Ris¢ 9 were higher in meén seed -
protein, percentage than their respective normal_isotypes in the en-
vironments considered, While all correlations are significant and most
r2 values are relatively high (Table 2-2).

For thoée mutant-normal pairs with a b;x not different from 1.0,

the percent protein relationship between mutant and normal would not be-




Table 2-2. Percent grain protein comparisons between barley shrunken endo-

sperm mutants and their normal isotypes.

Normal Number of Normal isotype (x) Mutant isotype (y) Difference % o
cultivar Mutant comparisons mean range mean range X-y yX =3

Spontaneous mutants

Compana sexl 14 14.5 10.0-17.3 17.9 15.4-21.9 =3.4%% 0.74 517%*
Compana seg3 12 14.4 10.0-17.3 16.6 14.5-20.6 =2,2%% 0.62%* _602%*
Compana segh 10 14,2 10.0-17.3 16.5 14.9-19.0 =2.3%% 0.49%*  642%%
Betzes segl 18 14.6 12.3-18.6 15.9 12.8-18.6 =1.3%=* 0.65*%%  768%*
Ingrid segb 13 13.2 11.4-16.2 15.0 11.9-17.2 -1.8%% 0.66 518**
Ingrid seg? 11 12.8 9.6-14.9 15.0° 13.0=16.7 =2.2%% 0.74 810**
Glacier seg5 10 12.6 10.2-14.3 16.3 2176-=20.7 =3.7%x 1.66 634%%
Glacier amol 21 123 8.5-16.2 12.6 8.4-15.5 -0.1 1:2.03 885%*
Hiproly Norm. Hiproly lvsl 26 172" 1302=19¢3 18.4 14.0-20.5 =1.2%% 0.65%% ,530%*
Induced mutants

Bomi Risg 7 2 13.2 8.3-16.8 13,2 9.8-17.1 0.0 0.86% 921%%
Bomi Ris¢é 8 26 352 8.3-16.8 14.4 9.8-17.1 -1.2%% 0.90 862%%
Bomi Risg 9 28 13.2 8.3-16.8 3.2 8.9-17.4 0.0 0.75 467 %%
Bomi Ris¢ 13 28 3.2 8.3-16.8 15.0 “11.5-18.3 =1.8%x* 0.84% 842%*
Bomi Risg 1508 47 13.2 8.3-16.8 13.8 9.3-16.8 ~-0.6%* 0.84% 874%*%
Carlsberg II Risg 29 36 12.9 8.8-17.6 14.0 9.6-18.7 =1.1%* 0,99 923**
Carlsberg II Risd 56 28 12.9°  8.8-16.5 14.7 9.4-19.3 -1.8%% 1.04 741%%
Carlsberg II Risg 86 36 12.7 8.8-17.6 b 7 9.6-21.4 -2.0%* 1:19 798%*

* ** Significant at the 0.05 and 0.01 levels, respectivelv.
Significant differences from a slope of 1.0 are starred.
+ Significant correlations of paired values are starred.

oY
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expected to change significantly from environment to environment for the
environments evaluaged. Mutanﬁ—normal paifs with a byxldifferent from
1.0 have byx Qalues less than one, which indicates that greater mutant-
nofmal differences in pércept protein would be_expected in environments
which favor low prptein_in the normal isotype (Table 2-2 and Fighre 2-2).
Further, if the mutant-normal pairs witﬁ significant mean differences
were grownlonly in environmenfs which favor high grain prqtein concen-
trations in the ndrmal isotype, non-significant mean differences may Se
observed. If the Ris¢d 7- Bomi pair is considered (mean difference |
= Q.O; be = ,88%, 12 = ,921%%), a significant mean différeﬁce méy
occur if only very high or very low protein enyironmenté for 'Bomi' were
evaluated (Figure 2-2). The central concept is tﬁat once a feéressiqn
line with a b?x different from 1.0 islgstéblished (partiéulérly ﬁith:a‘
high'rz) for-a range of environments, then the relationshifAbetween
mu£ant and normal (signifiéance of mean difference) méy change dependent
upén the environment or group of environments evaluated.

Several mutants are quife stable for percent protein, particularly
amol, Ris¢ 8 and 29. This is indicated by a byx not different frém 1.0
and a high r2. A predictable and consistant response relative to their
norﬁal isotypes wéuld be expected from'tﬁese mutants over the range of
envi;onments tested.

It might be expected that parallel responses would occur in these

mutants for kernel weight and percent kernel protein. In general this
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Figure 2-2. Percent protein relationships between barley shrunken
endosperm mutants and their respective normal
isotypes.
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is the case. Low kernel weight in the mutants is best expressed in en;
vironments that favor large seed in the normal isotypes (Figure 2-1) and
high percent protein in theﬁmutants is best expressed in environments
that favor low percent protein in the ﬁormal isofype (Figure 2-2), and
in general, low kefnel weight and high protein enviromnments and High

kernel weight and low -protein environments are synonymous.

Percent Lysine in the Grain

The percent lysine iﬂ the grain mean differences are significant
for all mutant—nofmal pairs and most correlations are significant, al-
thoﬁgh the r2 values are relatively low. Over all, thg response of thg
mutants is quite uniform, indicated by all but two of the byx vélués
Being not different from 1.0 (Table 2-3).

The highly significant mean differences or the relafionships_be—_
tween-the mutant and normal means have positione& the regression lines
well abﬁve the unity line (Figure 2-3). Considering fhe slopes of the
lines, and even with extrapolation, it is concluded that selection for
high lysine using percent lysine in the grain as the criterion could-be
done with these muéant sources in any enviromment. However, percent
lysine in the grain can be strictly a function of percent protein in’ the

grain.




Table 2-3. Percent lysine in the grain comparisons between barley shrunken
endosperm mutants and their normal isotypes.

Normal Number of Normal isotype (x) Mutant isotype (y) Difference o +

cultivar Mutant  comparisons mean range mean range X-y X 2’
Spontaneous mutants
Compana sexl 14 .379 .31-.49 .598 41-.78 =,219%%  2,08%* | 747%%
Compana seg3 12 o391 .32-.49 .534 .37-.64 -.143%% 1.62 .638%*
Compana segh 10 .403 .32-.49 .624 o37=.72 _=.221%% -} .45 .364
Betzes segl 18 .436 .34-.53 .518 .40-.59  -.082%%x  0,34%**% 213
Ingrid segb 13 431 +39-.51 «365 46-.72 -.134%% 0.38 .057
Ingrid seg’ 11 407 .34=.45 .488 .43-.62 -.081%* 0.75 .176
Glacier seg5 10 .369 .31-.47 473 .37-.66  -.104*%* 1,85 .658**
Glacier amol 21 +373 .31-.52 .430 .33-.61 -.057** 1.16 .668%*
Hiproly Norm. Hiproly lysl 26 .448 .36-.52 .581 .42-,167 -.133** 0.99 455%%
Induced mutants
Bomi Risé 7 28 .384 .30-.52 .435 .30-.66 -.051%* PG .498%*
Bomi Risd 8 27 .386 .30-.52 .548 .33-.70 -.162** 1,13 . 384 %%
Bomi Risg 9 28 . 384 .30-.52 434 .33-.66 -.050*%** 0,73 .233%%
Bomi Risg 13 28 . 384 .30-.52 .544 +33=.72 -.160%* 1.28 .493%%
Bomi Risd 1508 47 .386 .30-.52 .607 .40-.80 -.221*%x 1,02 L247%%
Carlsberg II Risd 29 36 + 391 272355 .507 .35-.70 -.116** 0.87 .388%%
Carlsberg II Risd 56 28 .379 .27-.49 e 934 .28-.77 -.159%* 1,34 RASEL
Carlsberg II Risé 86 36 .390 <27=.55 .514 «33=.75 =.124%% 0.66 .124%

* ** GSjgnificant at the 0.05 and 0.01 levels, respectively.
i Significant differences from a slope of 1.0 are starred.
Significant correlations of paired values are starred.
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Figure 2-3. Percent lysine in the grain relationships be-
tween barley shrunken endosperm mutants and
their respective normal isotypes.
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Percent Lysine in the Protein

The responses of the mutants relatiye to their normal isotypes for

lysine percentage in the protein (Table 24 and Figure. 2«4) &ag*con¢

siderably more variable than for lysine percentage in the grain

(Tablg 2-3 and Figuré 2—3).

Three basic respoﬁse trends are observed for percent lysine in the
protein (Table 2-4 and Figure 2-4). Those mutant-normal pairs that do
not display a significant mean difference in percent lysine in the pro-
tein (seg5- Glacier and seg7- Ingrid ) have significant correlations
and byx vall;es that are not different from 1.0. This iﬁdiqates that
non-significant mutant-normal difference in pércent lysipe in the pro-
tein is probable in any environment, and that the difference in lysine

in the grain between mutant and normal is due to the shrunken kernel

type only,

Another group of mutant-normal pairs have significaﬁt mean differ-
ences and byx values not different from 1.0. These mutants éhouid'main—
tain lysine in the protein percentages above their nofﬁal isotyﬁes re-
gardless of environmental conditions. Two of these mutants, sexl and
segh are particularly stable in their response relativé to <Compana ,
their normal isotype. |

The third group of mutants, typified by Risd 1508, Risd 8 and

Hiproly lysl are higher in percent lysiné in the protein than their

respective normal isotypes, and the respective byx values are less than




Table 2-4. Percent lysine in the protein comparisons between barley shrunken

endosperm mutants and their normal isotypes.

Normal Number of Normal isotype (x) Mutant isotype (y)

Difference

cultivar Mutant comparisons mean range mean range X-y vx'L rz’
Spontaneous mutants
Compana sexl 14 2.66 2.03-3.52 3.37 2.33-4.67 -0.71%** 1.40 L738%%
Compana seg3 12 2,76 2.132-3.52 3.40 2.20-5.10 -0.64%* ¥o25 L464%
Compana segh 10 287 2,312=3,52 3.79 2.34-4.56 -0.92%% 1.41 132%%
Betzes segl 18 3.05 2.62-3.59 3.25 2.65-4.08 =0.20%* 0.58* L401%%
Ingrid segb 13 3.29 2.76-3.73 3.75 3.16-4.56 -0.46%% 0.53 .101
Ingrid seg? 11 3.20 2.77-3.54 3.25 2.75-4.03 -0.05 1.22 L497%
Glacier seg5 10 2.94 2.35-.345 2.93  2.10-3.59 0.01 0.95 .584%
Glacier amol 21 3.00 2.43-3.88 3.44 2.64-4.51 -0.44%% 0.95 .498%*%
Hiproly Norm. Hiproly lysl 26 2.61 2.18-3.09 3L30 25 Y3=1 086 -0.54%% 0.14** 016
Induced mutants
Bomi Risé 7 28 2.93 2.27-3.81 3.30 2.70-4.69 ~0.37%% 0.76 .318%*x%
Bomi Ris¢ 8 26 2.92 .2.27-3.8B1 3.80 3.19-4.65 -0.88** 0.34*% 121
Bomi Risd 9 28 2.93 2.27-3.81 3.32 2.54-4.65 -0.39%* 0.29** 056
Bomi Risg 13 28 2.93 2.27-3.81 3.68 2.76-4.86 -0.75%% 0.66 «299%*
Bomi Risg 1508 47 2.95 2.27-4.31 4.39 3.23-5.43 ~1.44%% 0.22%* 037
Carlsberg II Ris¢ 29 36 3.07 2.35-4.01 3.66 2.90-4.59 ~0.59%* 0.45%% | 160%
Carlsberg II Risé 56 28 2.97.-2.35-3.74 3.69 2.69-5.26 -0.72%% 0.74 .238%%
Carlsberg II Risé 86 36 3.06 2.35-4.01 3.65 1.78-6.32 -0.50%%* 0.32% .026

*,** Significant at the 0.05 and 0.01 levels, respectively.

. Significant differences from a slope of 1.0 are starred.
+ Significant correlations of paired values are starred.
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Figure 2-4. Percent lysine in the protein relationships between
barley shrunken endosperm mutants and their respec-
tive normal isotypes.
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1.0. For these mutants the trait is best expressed in environments con-
ducive to low percent lysine in the protein of the normal isotypes. In
sﬁite of the low byx value of Ris¢$ 1508- Bomi , the position of the
regression line is such that selection for high percent lysine in the
proteiﬁ should be successful in any of the environmentsevaluated. This
conclusioﬁ cannot be made for some of the other mutants with"byx‘values

different from 1.0, e.g., Ris¢ 9.

Yield

Risgd 7 and 9 and' amol: were ﬁot different in yield from their normal
isotypes (Table 2-5). This relationship should be stable over fhe raﬁgg
of environmegts evaluated for amol (byx not different from 1.0 and high -
r2), There are environments in which Risg¢ 7 and 9 could be‘signifi—
cantly higher or lower in yield‘than Bomi (ny less than 1.0), but
little association was determined between Risé 9 and Bomi iﬁdicated by
a non-significant correlation ana by a low r2 (Table 2-5 and Figure 2-5).

The remainder of the mutants were lower in yield Ehan their re-
spective noxmél‘isotypes. For some of the mutant-normal péiré this
relationship should be stable over the range of enviromnments tested,
e.g., Risg 2_9,-(byx not different from 1.0 and high rz), while for thé
others, the mutant-normal absolute &ifferencé significéntly diminished
in the lower yield enviromments for the normal isotype, e.g., Ris¢ 86

(byx less than‘l.O). Because of the position of the'fegréééion7line§




Table 2-5. Yield (quintals/ha) comparisons between barley shrunken endosperm
mutants and their normal isotypes.
Normal Number of Normal isotype (x) Mutant isotype (y) Difference 3 Zi
cultivar Mutant comparisons mean range mean range X-y yX h R
Spontaneous mutants
Betzes segl 9 32.8 11.5-49.2 10.1 4.,9-31.9 22.7*% 0.56%* 677%%
Glacier amol 8 34.3 16.1-45.3 33.6.- 13.3-43.9 0.7 0.82 .801%**
Hiproly Norm. Hiproly lysl 8 21.9 10.8-35.8 14.9 8.6-27.2 7.0%* 0.75 .886%*
Induced mutants
Bomi Ris¢g 7 8 38.7 10.2-53.3 35.0 10.5-49.3 oy 0.78% .956%*
Bomi Risd 8 8 38.72 10:2-53.3 28.5 6.7-47.5 10.2%%* 0.69 Gl
Bomi Risg 9 8 38.7 10.2-53.3 28.0 18.8-39.2 10.7 -0.14%% 137
Bomi Ris¢ 13 8 38.7 10.2-53.3 28.5 7.3-50.2 10.2%* .73 L793%%
Bomi Risg 1508 25 36.6 10.2-60.6 29.3 8.3-52.7 7.3%% 0.80* .780%*
Carlsberg II Risé 29 16 34.8 10.1-56.8 30.6 7.9-53.6 4, 2%% 0.91 .935%%
Carlsberg II Risd 56 9 33.2 15.7-56.8 26.6 7.2-42.8 6.6%% 0.83 L911%*
Carlsberg II Risd 86 16 34.8 10.1-56.8 26.6 6.0-43.8 8.2%% 0.81% .897%x%

*, %% Significant at the 0.05 and 0.01 levels, respectively.
. Significant differences from a slope of 1.0 are starred.

+ Significant correlations of paired values are starred.

0s
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Figure 2-5. Yield relationships between barley shrunken endosperm
mutants and their respective normal isotypes.
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it is probable the significant segl- Betzes yield difference'would be

- maintained in all environments in spite of its less than 1.0 byx value

(Table 2-5 and.Figdre 2-5). -

Ao uitimate goal is to ﬁavefavailable.an accepfable yieidiﬁg high
lysine commercial feed variety for non-ruminant 1ivestock, particuiarly
in she NorohWesfern U.S., where cossly'protein suppleoents must.be -
shipped io. Rls¢ 1508 is the best mutant source of graln lysine
( 6074, Table 2-3). Based on the 1y31ne requlrement for swine (-65/
average, Natl Res. Council 1973) approx1mately 85/ of the soybean oil

meal (2.9% 1y51ne, Church and Pond 1974) could be saved in an average

'swine ration using Risd 1508 over normal Bomi . However, based on

current average market values (barley - $5./45 kg, soybean 0il meal -

$7./23 kg), a grower would stand to lose approximately 6% economically,

considering the 20% yield reduction of Risd 1508 compared toa‘Bomi
(calculated from the daoa in,Table 2-5). These,calculatioﬁsiare based
on means, but the fesults are not altered'appreciably.ovef,ohe raﬁgeiof
environmerits evaluated. Based on these data Ris¢-i508 should be an
excellent source of high lysine material for the bfeeder,_‘

A ﬁeannmutant—normal yield difference-was not detected for éEQi a
add Risé %, and based on percent lysine in the grain exoeetafions,:
about 20% of ‘the soybean oil meal in a swine safioo-eouid-be saved“dsing '
edther ofithesenmusants"ove? theif_ﬁorﬁal isotypes.s This't}ansiatesstd i

ihtO'abou;'a 3%'dollag‘savihgs;'_Atia predicted yield leﬁéiﬁof
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18'quintals/ha (33.5 bu/a) for Risd 7 (b . = .78%, Figure 2—5) and'embl

(byx = 82), a 19% and 13% dollar sav1ngs, respectlvely, could be ex—

: pected. This does not take into account the lysine d1gest1b111ty of -

these barleys compared with that of soybean 0il meal, but’for nbrmal.‘
barley it is Iess (Eggum,. 1973);  An 18 qﬁintal/ha yiel&-leﬁel is not
unrealistic in Montana under dryland conditipns;'and'fﬁrthef testing'of

‘Glacier amol and- Bomi Risg .7 under tbese-cqﬁditibhs ie,indicated;

Test Weight =

Most mutants had a lower test weight than their*respectiVe'normél
isotypes, but a variety of envirommental responses. was observed -

(Tablel2—6.and;Figure-2—6): In general; there is cdnsiderable mutent',e

variability that cannot be explained on the basis of the mﬁtant—nofmei.. T

2

association, indicated by telatively low r“ values.

The response of segl relative to normal Betzes is the most

- deviant (Figﬁre 2-6) in comparison with the other mutant re9ponses;

(letge negative bYX)- Glacier , amol and perhaps Risd 7 are .not dif-

ferent in test:ﬁeight over the range of environments considered. The

response of amol is considerably more stable than that of Risé 7.
The means of.the_remaindet of the mutant-normal paiﬁs diffet_
significantly. This difference should be maintained by those mutant—

normal pairs with a- byx not. dlfferent from 1.0. .For thoSe mutant-

,normal pairs with a byx dlfferent from 1. 0; the mutant—normal dlfference.




Table 2-6. Test weight (kg/hl) comparisons between barley shrunken endosperm
mutants and their normal isotypes.

Normal Number of Normal isotype (x) Mutant isotype (y) Difference b 1

cultivar Mutant comparisons mean range mean range X=y D 2.3 rz‘
Spontaneous mutants
Betzes segl 8 63.2 59.2-67.7 42.4 30.3-55.7 20.9%% -2 47%%x  5]12%
Glacier amol 8 57.6 58.3-60.6 56.6 50.9-60.6 1.0 0.90 L647%
Hiproly Norm. Hiproly lvsl 8 71.4 67.7-77.5 66.1 58.2-71.6 5.3%* 0.78 652
Induced mutants
Bomi Risgd 7 7 63.0 59.2-65.1 62.3 60.0-65.9 0.7 0.38 .197
Bomi Risd 8 7 63.0 59.2-65.1 53.7 48.2-58.0 9.3*% 0. F3 .196
Bomi Risd 9 7 63.0 59.2-65.1 56.4 49.9-61.0 6.6%* 0.74 .170
Bomi Risg 13 7 63.0 59.2-65.1 5650 52.5-57.,7 7.0%* -0.29*% .126
Bomi Risg 1508 24 63.2 53.8-67.6 56.4 48.9-63.1 6.8%*% 0.33*% .075
Carlsberg II Ris¢ 29 15 62.1 50.8-67.1 57.3 48.5-62.4 4 8** 0.61% S575%%
Carlsberg II Risg 56 8 62.4 60.0-65.1 56.7 53.0-62.4 S5.7%% -0.35 .036 W
Carlsberg IT Ris¢ 86 15 62.1 50.8-67.1 54.2 49.0-60.4 7.9%% 0.40%* ot I =

**x Significant at the 0.05 and 0.01 levels, respectively.
Significant differences from a slope of 1.0 are starred.

*
2
+ : .
+ Significant correlations of paired values are starred.
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Figure 2-6. Test weight relationships between barley
shrunken endosperm mutants and their respec-
tive normal isotypes.
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diminishes in the lower.kerﬁel'weight envirénments estabiished'by the
normal isotypes.
The lofty position of4the Hiproly ~lHiproly Normal regressionv

line is in part due to the fact that these cultivars are hulless.

Percent Plump and Percent Thin

Similar results wefe obtained for these two characfers‘(Tébies'257
and 2-8). The oppositeness of the traits is reflected'ip fhe means
themselves, and the sameness of the énvironmental responsés of the mu-
tants relative to their normal isotypes had prodﬁced essentiglly mirfbr'-
image regression lires or graphs of the two frailts (Figures 2~7 and 2-8).

Ris¢.7 and amol were not different from Bomi and Glacier , re~
spectively in percent plump and percent»thin,.and both respdnded in é
relatively.stgble manner as their normal isotypes do, as ind@éatéd by
the fespective byx values being not different from l.O‘and relati&ély
high r2 values.

The rest of the mutant—ﬁormal.mean.differences for each mﬁtant for.
each character are significant. TFor thosé mutant-normal pairs with 'a
byx different from 1.0, the difference dimipishes in low petrcent plump
and high percent thin environments. Selection for or against these
traits would be best.accomplished_under conditions that favor 1arge seed
in the normal isotype. This is in agreement with the conclusion pre=~
viously madé concerning kernel weight and the environments in which the

shrunken character of these mutants is best expressed.




Table 2-7. Percent plump (on 2.4 x 19 mm sieve) comparisons between barley
shrunken endosperm mutants and their normal isotypes.

Normal Number of Normal isotype (x) Mutant isotype (y) Difference + ;4
cultivar Mutant comparisons mean range mean range X=y yX r

Spontaneous mutants

Compana sexl 9 81.7 67.1-94.8 25.8 7.5=63.6 - 55.9%% 0.49 .078
Compana seg3 8 81.0° 67.1-94.8 10.1 3.2-27.2 0.9**  -0.32%% 184
Compana segh 9 81.7 67.1-94.8 22.3 3.0-58.6 59.6%* 0.32 .032
Betzes segl 19 46.8 0.0-74.3 3.9 0.0-31.6 2295 g LO%* 0 13
Ingrid seg? 8 75.1 40.0-93.1 22.3 4.2-44.0° 52.8*% 0.54 .546%
Glacier seg5 v 84.0 70.1-94.3 72.5 50.2-83.7 1.5% 0.46 137
Glacier amol 20 86.3 59.8-97.1 84.3 58.7-97.2 2.0 0.89 <655%*
Hiproly Norm. Hiproly lysl 26 73.7  15.8=95.3 17.7 1.0-47.3 55.0%% 0.25%* 141
Induced mutants

Bomi Risgd 7 9 60.5 30.4-91.7 52.7 16.4-86.7 7.8 0.94 «919%
Bomi Risg 8 9 60.5 30.4-91.7 16.2 2.1-29.3 44 .3%% 0.48%%  659%%
Bomi Risd 9 9 60.5 30.4-91.7 3206 . 5.5-52.0 0 27 .9%* 0.53 .301
Bomi Ris¢d 13 9 60.5 30.4-91.7 16.7 = 1.5-61.7 = 43.8%% 0.39 .188
Bomi Risd 1508 24 2.0 15.2=95.0 36 % (= 1.6=88.7 % 25.3%* 1.08 .766%*
Carlsberg II Risd 29 15 63.1 15.3-96.0 40.7 - 1.9-85.3 " 22.4** 1.07 .645%%
Carlsberg I1 Risé 56 9 55.0 15.3-89.7 26.6 1.7-63.4 28.4%% 0.66 .350
Carlsberg II Risé 86 15 63.1 15.3-96.0 33.0 1.3-86.0 _30.1%* 0.89 J653%%

|
|
|
|

* ** Significant at the 0.05 and 0.01 levels, respectively.
. Significant differences from a slope of 1.0 are starred.
+ Significant correlations of paired values are starred.

LS




Table 2-8. Percent thin (through 2.2 x 19 mm sieve) comparisons between
barley shrunken endosperm mutants and their normal isotypes.

Normal Number of Normal isotype (x) Mutant isotype (y) Difference Ve ok

cultivar Mutant comparisons mean range __mean __range X-y VX e
Spontaneous mutants
Compana sexl 9 7.4 2.6-15.4 3745 11.2-80.1 -30.1** 0.68 .022
Compana seg3 8 7.6 2.6-15.4 757 7.7-89.4 -68.1** -1.57 21D
Compana segh 9 7.4 2.6-15.4 41.3 15.6-84.6 -33.9%* 0.18 .001
Betzes segl 19 27.8 6.5-91.1 88.7 39.5-100.0 -60.9*%* 0.11** ,023
Ingrid seg? 8 9:3 1.9-24.6 59.5 26.4-85.5 -50.2%%* 1.69 .380
Glacier seg5 7 59 2.8-11.8 10.5 5.2-16.0 =4, 7% 0.7 .214
Glacier amol 20 4.2 0.7-10.8 5.0 0.6-21.7 -0.8 1.09 .490%*
Hiproly Norm. Hiproly lysl 26 203 1.3-57.2 46.0 13.0-93.6 =-33.9%** 1.16 L416%%
Induced mutants
Bomi Risd 7 9 16.4 3.3-39.5 22.0 4.1-54.5 -5.6 1:35 LT72%%
Bomi Risé 8 9 16.4 3.3-39.5 55.9 21.5-88.2 -39.5%%* 1599 .690%*
Bomi Risd 9 9 16.4 3.3-39.5 S22 15.8-61.4 -15.8%%* 1.22 . 548%%
Bomi Risé 13 9 16.4 3.3-39.5 59.4 13.6-94.2 -43.0%* e ) .406
Bomi Risé 1508 20 18.4 1.6-49.8 35.4 2.7-76.7 =17.0%%* £.39 .613%*
Carlsberg II Risé 29 12 17.8 1.2-58.4 33.3 1.7-70.0 -15.5% 1.14 C415%
Carlsberg II Risd 56 9 20.9 3.7-58.4 41.0 7.0-88.4 -20.1% 0.81 <227
Carlsberg II Riséd 86 12 17.8 1.2-58.4 42.1 1.7-88.9 =24, 3%* 1.20 .376%

|
i
|
!
|

*,%*% Significant at the 0.05 and 0.01 levels, respectively.
, Significant differences from a slope of 1.0 are starred.

+ Significant correlations of paired values are starred.

8S
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Figure 2-7. Percent plump (on 2.4 x 19 mm sieve) relation-

ships between barley shrunken endosperm mutants
and theilr respective normal isotypes.
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Figure 2-8. Percent thin (through 2.2 x 19 mm sieve) rela-
tionships between barley shrunken endosperm
mutants and their respective normal isotypes.
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Plant Height

Although some mutants were significantly shorter than their normal
isotypes, the magnitude of the differencés were not great (Table 2-9).
This is further emphasized by the cluster of regression lines about the
unity line (Figure 2—9); However, the mutant-normal pairs with signifi~
cant mean plant height differences ;re stable in this relationship-as
indicated by byy values not different from 1.0 and high r? values. With
regard. to those mutants not different in plant height from their ﬁormél
isotypes, the response oflgggi, Ris$ 8 and 29 was stable relative to
their normal isotypes, while that of the other mutants (gggl, Hiproly®
lysl and Ris¢d 86) was unstable in their respoﬁse. fhere may be environ-
ments in which a significant mutant-normal difference would be obtained.

Differences in plant height could indicate vigor responses associ-

ated with differences in the relative weight of the seed planted.

Heading Date

Several mutahts,.on the average, head later than their respective
'normal isotypes, and of these Risd 7 and 8 are relatively stable in their
response relative to their normal isotypes (Table 2-10 and'Figure 2-10).
Because the byx of the Risé_86 ~ Carlsberg 1II péir ié different f;om
1.0, there may be environments in which the difference in their heading
dates is non-significant. This méy be the case fof Hiproly 1lysl aiéo

considering the byy and rZ values.




Table 2-9. Plant height (cm) comparisons between barley
mutants and their normal isotypes.

shrunken endosperm

Normal Number of Normal isotype (x) Mutant isotype (y) Difference i +

cultivar Mutant comparisons mean range mean range X-y yx r?
Spontaneous mutants
Betzes segl 9 79.5 50.0-116.8 78.2 54.1-108.7 153 0.79*% ,938%%*
Glacier amol 7 72.2 40.6- 94.0 72.6 40.6-101.6 -0.4 132 . 973%%
Hiproly Norm. Hiproly lysl 7 74.7 40.6-101.6 2,2 43.2- 96.5 2.5 0.90* ,992%**
Induced mutants
Bomi Risd 7 7 80.9 66.0- 91.4 7 A5 66.0- 91.4 3.6*% 0.98 .878%*
Bomi Risé 8 7 80.8 66.0- 91.4 82.0 66.0- 94.0 -1.2 0.97 B44*%
Bomi Risgd 9 7 80.9 66.0- 91.4 76.9 61.0- 86.4 4.0% 0.90 .878%%
Bomi Risg 13 7 80.9 68.2- 91.4 76.2 58.4- 88.9 4 7% 17 .976%*
Bomi Risé 1508 23 71.3 - 361~ 99.1) 68.8 38.1- 97.0 2.8** 0.97 .957 %%
Carlsberg II Risg 29 15 68.1 43.2- 91.4 68.6 43.1- 91.4 -0.5 0.96 974%%
Carlsberg II Risé 56 7 76.9 58.4- 94.0 70.0 85 9=r83 3 6.9%* 0.76 .865%*
Carlsberg IT Risé 86 16 69.7 43.2- 94.0 70.5 48.3- 91.4 -0.8 0.86* ,942%*

t,** Significant at the 0.05 and 0.01 levels, respectively.
. Significant differences from a slope of 1.0 are starred.

Significant correlations of paired values are starred.

29




63
7 >
/. -
o
N 0,.
w R/ 4
a P
£ 904 4
2
o /4
w
=
<
z
<101
L=
'._
L")
o
(18}
- %
; x> _/.
j 50 A P .
D
a i
4
-/.
0 50 70 90 110

PLANT HEIGHT (CM) - NORMAL ISOTYPE

Figure 2-9. Plant height relationships between barley shrunken

endosperm mutants and their respective normal
isotypes.




Table 2-10. Heading date (days from Jan. 1) comparisons

between barley

shrunken endosperm mutants and their normal isotypes.

Normal Number of Normal isotype (x) Mutant isotype (y) Difference % t

cultivar Mutant  comparisons mean range mean range X~y by’ 2
Spontaneous mutants
Betzes segl 9 180.1 173.5-185.6 183.4 171.0-192.4 -1.8 1.71%% 998 **
Glacier amol 6 170.0 169.0-175.0 169.8 170.0-171.0" 0.2 0.17%% = 205
Hiproly Norm. Hiproly lysl 6 175.5 175.0-179.0 178.5 175.0-182.2 -3.0% 0.38 223
Induced mutants
Bomi Risg 7 7 181.8 168.0-204.0 183.1 170.0-205.0 -1.3%% 0.98 . 997 %%
Bomi Risd 8 7 181.8 168.0-204.0 184.2 171.0-206.7 =2.4%%* 0.96 .986%*
Bomi Risé 9 7 181.8 168.0-204.0 183.8 171.0-207.0 -2.0 0.70 «910
Bomi Risé 13 7 181.9 168.0-204.0 182.7 170.0-205.0 -0.8 0.95 .992%%
Bomi Ris¢ 1508 19 183.5 159.0-210.0 184.1 160.0-207.0 -0.6 0.94%* . 990%*
Carlsberg II Risg 29 12 187.4 170.0-206.0 189.8 173.0-206.0 -2.4 0.84 .881%*
Carlsberg II Risd 56 7 181.4 170.0-203.0 188.4 179.0-205.7 -7.0%%* 0:72 .852%%
Carlsberg II Risg 86 12 187.4 170.0-206.0 192.8 179.0-208.0 -5.4%*%* 0.73* B864%%

*,** Significant at the 0.05 and the 0.01 levels, respectively.
Significant differences from a slope of 1.0 are starred.
Significant correlations of paired values are starred.

%9
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Figure 2-10. Heading date (days from Jan. 1) relationships between

barley shrunken endosperm mutants and their respec-
tive normal isotypes.
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The méan difference in heading date is not different for six of
the mutant—nofmal pairs, three of which (segl- Betzes , ggglf-Glaciérj
and Risgd 1508~ Bomi ) could have significant differences in some eﬁ-
vironments (byX is different from 1.0). Risg 9, 13 and 29 sho;Id have
the same relative heading date as their respective normal isotypes over

the range of environments tested (byx not different from l.O).A\;

Percent Lodging

No sigﬁificant mutant—normal diffe;ences in percent‘lodgiﬁg were
detected, but the magnitude of difference of several pairs was large
(Table 2-11). The response of Risé'Z? and 86 were comparatively sfable
relative tb ‘Carlsberg II', while Risg 1508 was unstéble relative to

Bomi . Overall, few comparisons Wefe made, so no graph wa; prepared

as few conclusions could be made.

Summary

Correlation and regression analysis was used to determiﬁe the en-
viropmental adaptation and stability of seventeen barley shrunken eﬁdo—
sperm mutants relative to their normal‘isotypes for eleven chemical and
physical kernel and agronomic characters. This was an extension of
mutant characterization by:paired.mutant-normal mean gomparisoné. Thé
respective mutant and normal meané and, therefore, the mean differences

" depend upon the environments or groups of environmenté represented and_'

most prevalent. Regression analysis allows an evaluation over a range




Table 2-11. Percent lodging comparisons between barley shrunken endosperm

mutants and their normal isotypes.

Normal Number of Normal isotype (x) Mutant isotype (y) Difference z j

cultivar Mutant comparisons mean range mean range X-y ?yx' r2
Spontaneous mutants
Hiproly Norm. Hiproly lysl 2 46.0 3.0-90.0 25.0 0.0-50.0 21.0 0.54 1.000
Induced mutants
Bomi Risd 7 3 37.3 11.0-58.0 33.3 6.0-52.0 4.0 0.87 .748
Bomi Risgd 8 2 34.5 11.0-58.0 60.5 42.0-79.0 -26.0 -0.79 1.000
Bomi Risé 9 3 37.3 11.0-58.0 78.3 45.0-95.0 -=41.0 -0.25 .042
Bomi Risd 13 2 34.5 11.0-58.0 55.0 39.0-76.0 -20.5 -0.89 1.000
Bomi Risg 1508 9 54.2 11.0-80.0 52.0 3.0-80.0 2.2 0.16* .034
Carlsberg ITI Ris¢g 29 7 56.1 11.0-80.0 51.6 10.0-80.0 4.5 0.96 .653%
Carlsberg II Risd 56 3 58.0 32.0-72.0 42,7  16.0-87.0v +15.3 1.08 .400
Carlsberg II Risé 86 8 49.8 5.0-80.0 49.1 10.0-80.0 0.7 0.80 L791%*

,*¥* Significant at the 0.05 and 0.01 levels, respectively.
Significant differences from a slope of 1.0 are starred.

*
+
-
+ Significant correlations of paired values are starred.
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of environments, environment by environment. Assuming comparable ranges
of environments and normal isotype responses, mutant—mut;ntvcomparisﬁns
can be made with more precision also.

The regressi&n coefficient (byy) was interpreted as a measure of -
the adap;ation of a mutant relative to its normal isotype for'a given
trait. The stability of the response &as.determined by cohéidering the .
coefficient of detefmination (rz) and regression coefficient. AA stabie
mutant is defined as one with a byx'not different'from 1.0 an& a'higﬁ
r2, The reéponses of the various mutants for the various characters °
were quite variable, as was the stability of the responses,

It was concluded from interpreting the regression lines for éhe
characters that déscriﬁe shrunken.endospe;m (kernel weight, percent
plump and percent thin) that this general trait is best expressed in
environments that favor largg seed in the normal isotypés., Selection
for of againét shrunken endosperm should be mostAproductiﬁe in these.
environmenﬁs, which are frobably characterized in Montané by édequéte
moisture during the growing season. Parallel'mﬁtant responses wére'ob—
served for percent protein. |

With the mutants involved in this study selection qouid be made in
any environment for high lysine using perceﬁt lysine in the grain as
the criterion. If percent lysine in the protein is the criterion for
high 1§sine, selectién with sqme.muﬁants could be made in any environ-

‘ment shile ﬁith others, environments favotrable for low percent lysine in
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the protein of the normal isotypes would he more. productive if not’
required. Perhaps the "ideal' high lysine source for breeding purposes
_would bé f;om a mutant wifh a maxiﬁum positive mutant-normal mean dif-
ference in percent 1ysiné in the'protein and a sféble eﬁvironmental
.response (byx and r2 of 1.0). Nomne of the mutants:fit all of these
criteria, but perhaps Ris¢ 1508, Compana , gggl,and §gg£‘c§mé the
closest. |

Most of the mutants were lower in yield and test weight than their
respective normal isotypes; The environmental resﬁonses Qere variabié.
The mean differencés and environmental respdnses were vgriablé'for plant
height, heading date and percent'lqdéing.

Ris¢ 1508 is perhaps the best soﬁrqé'of lysine in the grain, but
considering its yield response compared to Bomi it is not ecaﬁomically
feasible to grow it commercially as ‘a (swine) feed barley under current':‘
market conditions. It ﬁéy be feasible ;o grow the lower lysine, but
higher yielding Risg 7 and amol, particularly iﬁ 1owef/§ielaing-(dry—‘j

land) environments,




SECTION III: INHERITANCE OF THE ASSOCIATED
KERNEL CHARACTERS, HIGH LYSINElAND

SHRUNKEN ENDOSPERM, OF BARLEY

Introduction

Several inheritance studies were conaucted with some pf the mutants
considered heretofore. The overall opjective of theee gepetic stﬁdiesl
was eo previde a basic understanding of the geﬁes involve&; which would
allow a breeder of high lysine.barley to better_manipulate ;he geees
fer the production of improved-barley germplasm and/or varieties.

Specifically, the studies involved determination of 1) allelic
feletionships, 2) chromosome loeetion of genes, 3) mode-of inheritaﬁce;

and 4) High lysine-shrunken endbsperm relationships.

Materials and Methods

Study I: Allelism Evidence for High .
Lysine, Shrunken Endosperm Xenia
(sex) Mutants

Bemi , Risd mutants‘lB and 1508 and ‘CarlébergAII . Risé 29, énd.
86 express a shrunkep endosperm xenie-trait ds well as high.lysine in |
our environmments. These mutants and Compana sexl were infercreSSed to
determine alleliem'among the mutants for the asseciated shruqken endo~

sperm xenia trait.. The females for all crosses were genetic male
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steriles. Plump:shrunken classification of F2 seed on the F1- plants-was
the major criterion for the §g§_allélism test.
As a égcpnd approéch, twelve F; seed from all but one cross (Risé
13 x Risé 1508)nwefe analyéed for lysine by microbiological assay teéh-
nique in which half kernels are.piaced on agar plates which contain the

bacterium Leuconostoc mesenteroides, which is lysine requiring, in a

lysine bioassay medium (Difco). The radius of visible bacpefialvgrowth
around the kernel is cdrrelated.witﬁ kernel lysine content. (Sands,
Dull and Eslick, manuscript in preparation).

Study II: . Chromosome Location of

High Lysine Genes or Genes of
Associated Traits

Bomi , Risd mutants 8, 13, and 1508, Carlsberg II , Risé 29, 56
and 86 display a shrunken endosperm phenotype that e#presses xenia in
our environments; Glacier amol displays a high'amylése (46%) trait
(Merritt, 1967). A highrlysihe‘trait is associated with a low kernel
weight and the high amylose trait (Section I, Stﬁdy I). The high amy-
hlose trait was followed in this study by an gssociated‘syarch granule
~ morphology trdit as desqribed-by Walker and Merritt (1969). fhese
mutants were créssed with a series of Betzeé primary trisomics to
assign the. various traits of these‘muténts to chromosomes as &escribed

by Tsuchiya (1964).

The three Fy endosperm.genotypes (Sex Sex, Sex sex, égx'sex) were

sometimes difficult to differentiate in crossed progeny for some mutants
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under some conditions. The degree of shriveling of the kernels varied
.somewhap with the epvironment.‘ Where difficﬁity was experienced, ob-
served (over éll crossés), 3:1 and/or 1:2:1 ratios wefe tésted by Chi-
square analysis to try'to sort out discrepencies. |

Becéuse of particular classification difficulties, 1ysiﬁe'analyses
by microbiologicél assay (Waters, 1976) were done on the trisomic x
Risg$ 8 and 56 F2 progeny to supplement the blump:shrunkenvclassification
data. | |

Study III: Protein and Lysine
Maternal Inheritance Effects in

'Hiproly'

To determine if there are maternal effects in the inheritance of
protein and/or lysine in Hiproly, reciprocal'éroSses were made between
Hiproly and éhe "normal" barley variety Betzes. Twelve F] seed ffom
each cross were screened for lysine content by the half kernel micro-
biological assay téchniquel(Sands, Dull and Eslick, manuscript in pre-
paration). Thé.Fz seed from four Fq plants.from each cfoss were ana-
lyzed-for protein by tﬁe macro Kjeldahl technique (N x 6.25) and for

lysine by a modified microbiological assay (Waters, 1976). Data were

analyzed by among and within analysis of wvariance.
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Study IV: Inheritance and Associ-
ation of the Shrunken Endosperm
and High Lysine Traits of Bomi ,

Risgd 1508

Risg 1508 was crossed with 10 normal endosperm barley cultivars

(Compana, Carlsberg II, Betzes, 'Heines Hanna', CI 4961, 'Hector',

' 'Steptow', 'Unitan', 'Piroline', and .'"Erbet'). Inheritance was based

on the expression'df the mutant phenotype in the ¥y (seed on Fj plants)
and F3 (éeed on Fp plants) generations.

Linkage studies involviné known genés were used to assign the
shrunken endpsperm trait of Risd 1508 to a chromosome. Risd 1508 - 1s.
crossed with stocks carrying éenetic'male éterile (msg) genes, one
located near the gentomere of each of the éeven-chromoéomes of barley
(Compana msglQ, Compana msg2, .Carlsberg II msg5, Betzes msg24, -

Betzeé msgl, Cémpana msgl, Heines Hanna msgb and CI 4961 235125

(Table 3-13). ’Risé 1508 was also crossed with a Betzes derived stock

_of the short rachilla hair gene (§). All recombination estimates and

-standard errors were based on partial F3 data (F3 ratios for endosperm

type, FQ ratios for the other traits) and calculated by‘the maximum
likelihood method (Allard, 1956). -

The -relationship between the shrunken endosperm'and high lysine
traits of Ris¢ 1508 were determined by plotting frequency distributions
of the lysine contents- of Fj progeny kF3'seed from Fy plants) from

Risg 1508 crosses with.9 of the lO'normai endosperm cultivars listed
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adbove, and identifying the endosperm genotypes on the histogram. Hetero-

geneity chi-square tests of the frequency distributions were also applied.'

Mean percent lysine data of the normal endosperm parents and F3 pfdgeny
were compared by unpaired t-test, and tﬁe Risg 1508 pareﬁt lysine con-
tent values (single observations) were compared with thé:meahs qf‘the
other parents and progenies by a modified t-test (Sokal and Rohlf, 1969).
Lysine contents are expressed as percent in the grain and'percentA
in the protein and were obtained by a modified-microbidlogical assay
. teghnique (Watefs, 1976). Protein contents upon which percent lysine in
the protein values were based were determined by the Neotec Grain -
Quality Analyzer Model 1 with updated light source.
The material for these studies waé grown in spabé—planted.roWs at

Bozeman, Montana and Mesa, Arizona.

Results and Discussion

Study I: Allelism Evidence for
High Lysine, Shrunken Endosperm
Xenia (sex) Mutants

Risg 86 and Comﬁana sexl and Risé 86 and Risé 29 were the oniy
mutant sources found to be allelic, as no plump seed werée found on Fj
plants (Table 3-1) or on F) plants from these crosses. It is concluded
that the sex traits of Risd 29 andv86 are allelic with séxla of

Compana’'. This is.consistant with trisomic analysis data (see Section

III, Study II) which'brovided evidence for monofactoral recessive
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Table 3-1. Segregation of F) seed from Fi plants for shrunken endosperm
from sex mutant crosses to determine allelisms. .

~ Ratio

Cross. _ 'Pluﬁp Shrunken. Total _tested - sz . P level
Risd 13 x sexl 176 608 784 9:7 363 - < ,01
1:1 238 < .01
3:5 75.8 < .01
1:3 2.721  .05-.10
' Risg 13 x Risg 29 350 472 822 9:7 61.:9 < .01
, : 1:1 18.0 .. < .01
3:5 9.04 < .01.
. _ _ 1:3 135 < .01
Risd 13 x Risd 86 341 500 841 - 9:7 '85:0 . < .01
' 1:1 30.0 < .01
, 3:5 3.327  °.05-.10
Ris 13 x Risé 1508 306 523 © 829 9:7 125.4 < .01
, : - 1:1 56.8 < ,01
. 3:5 0.122 . .50-.75
Risd 86 x sexl 0 all - - : - ' -
Risd 86 x Risg 29 0 all . - - - -
Risd 86 x Risé 1508 456 354 810 9:7 0.000  1.00
Ris¢ 1508 x sexl 413 338 751 9:7 0.440  .50-.75
Risé. 1508 x Risé 29 509 307 -816 9:7 12.4 < .01
1:1

inheritance and the éssignménﬁ of the sex traits of Risg Zé and 86 to .
chromosome 6. Jarvi and Eslick (1975) uéing‘translocétion breakpoint
linkage.informatibn assigned Cpmpana sexl to chromosome 6. It is pro-
" posed that the sex traits of Risé 86 and'ZQ.be designated-sexld and
§g§lg{ respectively, following the barleylgene symbél nomenclaturée

suggested by Eslick and Hockett (1976c¢).
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The independent non-allelic genes in crosses with one another
should segregate on Fy. heads in a 9:7; plump:shrunken, seed retio, while
-linked non-allelic gene segregation.should approach a 1:1 retib; assum-~
ing monofactorial recessive gene action for each mutant. Single reces~—
sive gene action has been demonstrated for Compaea sexl (Jarvi and
Eslick, 1975), Risg 1508 (Section III, Study IV), 29 and 86 (éection
III, Study II) and for Risg 13 (Doll, 1976), Furthermore, evidence was
provided for the.location of the sex trait of Risg i3 on chromosome 6
and' Ris¢ 1508 on chromosome 7 (Section IIT, étudy IT and IV). A 947
or 1:1 Fp see& pregeny ratio was not found for eome of the crosses
-(Table 3-1). For these crosses, in generai, a deficiency of plump seed
was oﬁeerved. There are indonsistancies amoné croeSes, pefticuleriy
those involving Risp 13. No definite conelusiops can be drawn and ﬁore
~ investigation is needed, but perhaps endpsperm dosage_effecfs and/or'>
epistatic interactions between genes is indicated. ‘Miner or'nmdifier
genes in the various genetic Eackgrouhdslrepresented may elso be involyed.

Aesuming that high lysine and shrunken endosperm are associeted
tfaits in the mutants under conéi&efetion'(see Doll, 1976; Karlsson,
1977; and Ullrich and Eslick, 1977 and Section III, Study IV), lysine
data in Table 3-2 generally support tﬁe'égz_allele test results. With
allelism, the F; should be equal to, but not'less than oﬁe'of both
parents. With non—allellsm, the Fl should be lower than one or hoth.

parents, In general, over the range of crosseS‘made, the Fl‘s tended to
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Table 3-~2., Microbiological assay lysine index+ data of F; seed from
sex mutant crosses to determine allelisms.

Cross, . Mean radii of bacterial growth (mm)
PpxF By B Py P B
Risé 13 x sexl 9.9 7.9 10.5 - 2.0%  2.6%
Risd 13 x Risé 29 - . 10.4 9.5 9.7 : 0;9¥" - 0.2
Risg 13 x Risé 86 ~10.2 8.9 8.8 1.3%%  -0,1
Risé 86 x sexl 9.5 11,7 116 -2.2% 0.1
Risé 86 x Risé 29 o 10.2 9.8 9.2 - 0.4 . 0.6
-Risd 86 # Ris¢ i508 11.6 10.2 10.3 - - 1.4t . 0.1
Risg 1508 x sexl 11.2 9.1 11.2 2.1% 2.1%
Risg 1508 x Risé 29 10.6 9.2 0.3 L. 1.1

+, *, %% Significant at the 0.10, 0.05 and 0.01 levels, respectively,
. as determined by paired t-test.
T From half kernel microbiological assay technique.

§ P1 analyses were on seed from the rows- in which'the female -
parents occurred, since the females were male sterile,.

be_higher in 1ysine‘than.expected. This, as with the plump:shrunken
endosperm ratios observed, may indicate éﬁistatic relatioﬁships hetween .
mutant genes.

Additional iqformation is needed to definitely estabiish the gene

action involved in some of these crosses. - SN
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Study II: Chromosome Location of
High Lysine Genes or Genes of
Associated Traits

High Amylose (amol)--Evidence for the location of amol on chromo-

" some 2 is presentéd in Table 3-3. Additionally, the occurrencé oﬁ homo; .
zygoﬁs recessive F3 rows from Fé trisomics from crosses with t;isomics
3, 4 and 7 eliminates ch?omosﬁmes 3, 4 and 7 from consideration. Tfi—
somic 5 cross data are lacking, but Walker (1969) has indicated.failure
to detect 1ink;ge befween amol and mérker genes on chromdédmes 4,5 and
7. Linkage data from a relatively smail population for gggl'and V indi-
cated that the two traits were independent. Rémage and‘ESlicE (1975)
assigned the j_locué approximately 24 recombination unitS‘f;om.the
centromere and msg2 on the long arm of chromosome 2. Additiénal_infof—
mafion is needed to specifically locate amol on chromosome 2.

Table 3-3. Fy segregation from Betzes trisomic x High Amyloée Glacier
(amol) Crosses. ' :

Z:izzzzc F, plant clgssification (no.) ) P for fit,
" with amol A-- a2 aa -~ Total X to 3:1 ratio

1 21 4 25 1.080 - - .25-.50
2 57 g8 - " 86 5.584 - < ,05%
3 110 35 145 0.057 .75~.90
4 106 31 137 0.411 .50-.75
6 176 : 49 - 225 . 1.245 . - .25-.50
7

72 32 - 104 o 1.847 .10-.25

. * reject the 3:1 hypothesis.

Heterogeniety XZ based on a 3:1 rati
X

15, p < .0l. Heterogeniety
minus -the trisomic 2 cross x 3 :

1, p = .10~,25.-.

\e1e)
T u
TN o
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Risg 1508 (sex3c)--Considering the data of Table 3-4 in total, the
shrunken endosperm xenia trait of Ris¢ 1508 would be assigned to chromo-
some 7. This conclusion is well sﬁpportéd by linkage data presented by
Karlsson (1977) énd-in Section III, Study IV. Scheuring and Raﬁége (1976)
assigned sex2b to an §g§.mﬁtant on chromésome 7 that is, in effect, a
zygotic lethal mutant. It is-prbposed that the sex trait of Risg 1508

be designatéd sex3c.

Risd 86 (sexld) and Risg 29 (sexle)~-In Section III, Study I,

evidence is presented that Risg 29 and 86 are allelic to each other and
with Compana sexla. jarvi and Eslick (1975) assigned sexl to chromo-
some 6, and Eslick'and ﬁeis (1976) furthier positioned it near the ;entro-_
mere of chromosome 6. The trisomic analysis data of Table 3-5 and 3-6
indicate that the shrunken endosperm loci of both Risg 29 and 86 are on
chromosome 6. Additional support for this éonclusion comes from the Fq
row data from Fé trisomic plants presented in Table 3-7. No hombzygous
recgssiﬁe (sex sex) F3 .rows are expected from Fy plants that are tri-
'somic for the chromosome oﬁ which the gene in question is located. The
specific gene actioﬁ (segregation) of the shrunken endoSperm or high
lysine chéracters'of Risd 29 and 86 has not been reported. Since the
sex tréits are allelic with Compana . sexl, monoféctoriél recessive éene
‘action might be assumed. If the segregation of shrunken eﬁdbsperm pre—"
sented in Tables 3-5 and 3-6 (minus trisomic 6 cross data) are éon—

sidered then single recessive gene action is concluded for the sex

s




Table 3-4. F2 plant segregation from Betzes trisomic x Bomi, Risd 1508 (sex3c)

crosses.
Tri?°?i°-, ] Classification (no.) ] Ratio

crossed with Sex— Sex Sex Sex sex sex sex Total tested 2 P 1l 1
Risd 1508 Sex— ~ s X eve.
2 - 2 5 0 7 observed 1.470 .25-.50
- 2 5 0 7 1:2:1 2.429 ,25-.50
7 - - 0 7 3:1 2.333 .10-.25
3 - 50 78 17 145 observed  0.650 .50-.75
- 50 78 17 145 1:2:1 15.855 < .01

128 - - 17 145 3:1 13.629 < .01
4 - 57 118 39 214.  observed 5.540 .05-.10
- 57 118 39 214 1:2:1 5.290 .05-.10

175 - - 39 214 3:1 5.240 < .05
5 - 41 83 21 145 observed 1.925 ,25-.50

- 41 83 o 21 145 1:2:1 8.558 < ,05

124 - - 21 145 3: 8.554 < .01

6 - - 64 98 48 210 . observed 13.761 < .01
- 64 98 48 210 1:2:1 3.372 .10-.25
162 - - 48 210 3:1 0.514 .25-.50

7 - 117 153 23 293 observed 12.219 < .01
- © 117 153 23 293 1:2:1 60.890 ‘< .01..

270 - - C3:1 45,963 < .01

23

293

08




Table 3-5. F, plant segregation from Betzes trisomic x Carlsberg II,
‘ Risg 29 (sexle) crosses. '
Trisomic . . ' N
crossed with — ] Classification (no.) . Ratio 2
Riséd 29 Sex- Sex Sex Sex sex sex sex Tot;l ) tested X P level
B 1 - o 5 4 9 . observed 5.050 .05-.10
- 0 5 4 9 1:2:1 3.772 .10-.25
5 - - 4 9 3:1 1.870 .10-.25
2 - 69 - 141 62 272 observed 6.614 <,05
- 69 141 62 272 Cl:2:1 0.728 .50~.75
210 = - 62 272 3:1 0.705 .25~.50
3 - 150 219 120 489 observed 1.372 .50—;75
- 150 219 120 489 1:2:1 8.999 - <.05
369 - - 120 489 3:1 0.055 .75-.90
4 - . 48 87 41 176 . observed 2,087 .25-.50
- © 48 87 41 176 1:2:1° 0.580 .50-.75
135 - - 41 176 3:1 0.273 .50-.75
5 - 67 67 37 171 observed 4.002 .10-.25
‘ - 67 67 37 171 . 1:2:1 18.532 <.01
134 o= - 37 171 3:1 1.031 .25-.50
6 - 93 70 23 186 observed 30.625 <.01
- 93 70 23 186 1:2:1 ‘64,064 <.01
163 - - 23 186 3:1 15.835 <.01
7 - 30 . 48 29 107 . observed 1.635 .25-.50
' - 30 48 29 107 1:2:1 1.149 .50-.75
78 - - 29 107 3:1° - 71.955 .10~.25
" Noter VHeterogehiety %2 based om 1:2:1 ratib = 58.260, p.< .0%. Heterogéniety xZ without trisomic

6 cross data = 20.013, p = .02-.05. Heterogeniety x2 without trisomic 5 and 6 cross, data
= 10.097,. p = ,.25-.50. %2 on totals without trisomic 5 and 6 cross data based on 1:2:1
ratio = 5.131, p = .05~.10. Heterogeniety X2 based on 3:1 ratio = 16.685, p < .05. Heter-
ogeniety X2 without trisomic 6 cross data ='5.153, p = .25-.50. X“ on totals without
trisomic 6 cross data based on 3:1 ratio = 0.736, p = .25-.50.

18

1
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Table 3-6. Fo plant segregation from Betzes trlSOmlc x Carlsberg I1I,
"Risd 86 (sexld) crosses.

Trisomic ' 7 2

crossed ' x* for

with ) Classification (no.) 1:2:1

. Sex Sex SeX sex sex sex Total ratio P level

Risd 86 -
2 17 26 9 52 2.462 .25-.50
3 42 93 53 188’ 1.299  .50-.75 -
4. 30 - 37 .23 90 3.923 .10-.25
5. Y 66 36 149 . 3.564 .10-.25
6 3% 30 ‘ 10 74 18.215 < .01

7. 23 67 22 122 4.34 .10-.25

Note: .Heterogenity XZ based on 1:2:1 ratio = 27.895, p < .0l. )
' Heterogenity x2 without trisomic 6 cross data = 14.436, p = .05
- .10. xz on totals without trisomic 6 cross data based on
1:2:1 ratio-= 1.152, p = .50-.,75.
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Table 3-7. Fg row segregation from F) trisomic plants from Betzes |
' trisomic x Bomi and Carlsberg II Risd sex mutant crosses.

83

Trisomic
crossed with

Ris$ mutant

Number of rows

3
4

Risd 8 Risd 13 Risg 29 -
sex.sex -Total . sex sex Total sex sex Total
- - 2 21 - -

- - 6 48 - -

0 22 4 33 2 30
2 20 0o . 32 0 29

Number of rows L
Risé 56 Risg 86- Risgd 1508
sex'sex Total sex sex Total sex sex Total
0 21 4 24 0 33
- - .3 25 - -
0 31 3 22 1 18
0 8 1 16

0 . 13
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traits of Risd 29 and 86. Considering all the data available, it is
proposed that the shrunken endospefm xenia trait of Risg 86 be desig-

nated sexld and that of Risd 29 sexle.

Risg 13 (séx&f)-— The trisomic aﬁalysis data of Risf 13,‘preseﬁted
in Table 3-8, indicate that the §§§ locus be assigned to cﬁrbmosome 6.
This is supported by the F3 row segregations giﬁen in ‘Table 3-7. 1In
Section III, Study I evidence is presented that the ggg_geﬁe af Risd 13
is non—allelic with sexl (of chroﬁosoﬁe'G) of 'Compana , Risd 29 and
Riéé 86 as well as with sex3 of Ris¢ 1508. -Hence, it is proposed that

the shrunken endosperm xenia character of Risg .13 be designated sex4f.

Ris¢ 8 (sex5g)--The trisomic -analysis data presented in Table 3-9
indicate that the sex locus of Risd 8 is associated with chromosome 5.

The F3 row Segregation data of Table 3«7 support this conclusion. Siqce

Dgll (1976) has established the apparent absolute association between
shrunken endosperm and high percent lysine in the protein for Ris¢ 8,
the 1ysine data in the histograms of Fiéures 3-1 and 3-2 also indica;e
that chromosome 5 (lack of sex sex progeny), and not chromosome 6, is
the location of the sex gene of Risg 8. Since chromosome 5 is not ghe.‘
location of any of ;he other sex mutants deécribed to date, it is pro-

posedthat this gene be designéted éeng.




- Table 3-8. Fy ﬁlant segregation'frOm Betzes trisomic x. Bomi, Ris¢.l3.(sex4f) crosses. .-

S 19 .

‘-“89

_3_;1 .

0.633

Trisomic ) ‘ Ciaséificatiqﬁ (no.) o ‘Ratio ' :
. crossed with . - - - - -2

. 7 . . . Sex- Sex - Sex sex sex sex = Total tested X P level

- Risgd 13 ~ ; - L o i
2 .33 42 - 14 89 observed  2.666 . :25-.50

% 33 - 42 14 89 1:2:1 8.393 < .05

. - 14 89 3:1 4.079 < .05

3. RS BN © 45 165 observed  .6:974 < .05
A1 .79 45 - 165 1:2:1 0.491  .75-.90

Z - 45 165, 3:1 0.455 .50

4 37 104 34 175" observed  6.313 < .05

37 . 104 34 - 175 1:2:1 6.325 . < .05
- - 34 175 3:1. 2.897  .05-.10
5. 48 . 93 30° 171’ “observed  0.693  .50-.75
48 . 93 30 171 1:2:1 5.106  .05-.10

- - 30" 171 ' 3:1 . 5.071 < .05

6 44 32 7 83 observed  23.446 < .01

44 32 7 .83 1:2:1 37.337 < .01

- - A 83 3:1 12,148 < .01
7 .24 - 46 19 89 . observed. 0.374 .75.-90
24 46 19 89 1:2:1 0.664  .50-.75
_ - .25-.50

<8

P10




Table 3-9. F, plant segrégation from Betzes trisomic x Bomi, Risd 8 (sex5g) crosses.

Trisomic

' Classification (no.)

Ratio

CEQSsgé with Sek;— Sex Sex Sex sex sex sex Totdl - tested - X2 " P-level
RlS¢S 8 ) R ) — N ~ . - - |
2 - - 45 52 18 115 observed 0.822 . ,50-.75
: - 45 52 18 . 115 1:2:1  13.731 < .0l
97 - - 18 115 3:1 - 5.360° < .05
"3 - 36 42 32 110° observed '11.149 < .01
- 36 - 42 32 110 1:2:1. 6.436 < .05
78. - - 32 110 3:1 0.981 .25-.50
4, - 33 44 8 85  observed 5.561  .05-1.0
g - 33, 44 8 85 - I:2:1  14.812. < .01
71 - - 8 ' 85 3:1 11.016 < .01
5 - 44 25 2 71.  observed 16.288. < .01
s - 4t .25 2 71 1:2:1  55.901 . < .01
69 - - 2 71 3:1 18.633 < .01
6 - 21 33 14, 68 observed 3.216 .10-.25
' - 21 33 14 68. 1:2:1 1.499 .25-.50
54 - - 14 68 - 3:1- 0.705  .25-.50
7 ~ .35 15 " 15 65  observed 8.733 < .05
. - ©35° 15- 15 65 1:2:1 . 31.15%4 < .05
50- - - 3:1 .128 .50-.75

15

D65

98

7
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Figure 3-1. Frequency distribution of percent lysine in the
protein of F2 plants from Betzes trisomic 5 x Bomi,
Risd 8 crosses.
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Figure 3-2. Frequency distribution of percent lysine in the
protein of Fj plants from Betzes trisomic 6 x Bomi,

Risp 8 crosses.
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Risgd 56 (sex,h)-—- Thé trisomic data available for Risé 56 is sketchy
at best. The sex trait is~difficu1t to read and the number éf progeny
from most crosses is small. _.Some conclusions may be .drawn, if one |
assumes singie recessive gene action and a shrunken endosperm-high lysine
associa;ion._ The best evidence from Table 3-10 indicafe§ chromoéome 4
is the location of the ggg_traif of Risé. 56, The lysine data presentéd
in Figures 3-3, 3-4 and 3-5 indicate chromosome 5 as the associated |
chromosome while probably eiiminating chromosomes 3 and 6. The data for
Risé 56 in IaBle 3-7 perhaps supports chromosome 5 as the gene location.
Additionél‘linkage investigation is certainly indicated with perhaps an
emphasis on work with chromosome 4 and 5.

Additional linkage'study is also-indicated for the othe; §E§;mutants
involved in this study particularly Ris¢8 and.lB..

The chromosome location of a given géne of interest to the plant
breeder has value in implementing gene transfer systems. In addition, a
located gene may bécome a marker gene for subsequent genetic studies and

breeding work.
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Table 3-10. Fé plant segregation from Betzes trisomic x Bomi, Risd 56

(sex,h) crosses.

Trisomic
';§zﬁsed Classification (no.) ‘Ratio 9 _
Risd 56 Sex—  sex sex Total tésted oxT P level
1 3 2 5 observed  1.937.  .10-.25
.- - - ©3:1 . 0.600 .25-.50
2 . .25 5 . 30 observed  0.010  .90-.95
- Z - 3 1.111 .25-.50
3 43 8 51 ‘observed 0.006 ' .90-.95
: - - - 3:1 2.360 .10-.25
4 167 27 194 observed '0.673 .25-.50
: e - - 3:1 12.708 < .01
5 15 4 19 © . observed 0.384  .50-:75
- - - 3:1 0.157° - .50-.75
.6 16: 1 17- .  observed 1.272 .25-.50 -
- - - 3:1° 3.313  .05-.10
7 7 6 13 ..observed 8.638 < .01
- - - . 3:1 3.103  .05-.10

Noté: Heterogeniety x2 based on observed ratios = 12.920, p < .05.
Hererogeniety x~ without trisomic 7 cross data = 4.083,
P = .50-.75. Heterogeniety X2 based on 3:1 ratio = 9.483, .
P .10-.25, - - s
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Study III: Protein and Lysine
Maternal Inheritance Effects in

Hiproly

The‘half kErnél‘iysiné évélgation iﬁdiﬁated_fha£ tﬁe Fy see&-from
the Hiprqiy X Betges cross-were higher iﬁ lysine tﬁén thé ‘Betzes
x Hiproly Fp seed,(Taple 3—11).I'Both percent prdtéin-and:percent
lysigé were highef'iﬁ the fz seed frém the‘ Hiproly' x “ﬁetzes ,é?bss
éﬁan in thé Bet;és X Hiﬁroly'_c;oss,

These reéu;té provide gvidénce for maternal effects in the‘inhéfi—5
tance of ﬁrotein and lysine.iﬁ Hiproly. Endospe?m dbsage'éffects,aloné

cannot account for the significaht differences pbtainedfin both the Fj

and Fy seed -generations. Indirect supportive eyidencé for these conclu- -

' sions was presgnted by,Péruanskii et al. (l976).iﬁ which thgy ogservéd
that- Hiproly x nofﬁai véfiety:progeny were higher in ﬁroféiﬁ ééﬁtént':
tﬁaﬁ the progeiny éf reciprocal crpéses. |
According fé S. 0. S. Thomke (perédﬁél commﬁniéa;ion), Sﬁédiéh-

investigaqus have fouhd.that an earlief than normal‘constrictidn”of.
the véséular.bﬁndlesneptéring thg kéfnels occurs in Hiproly . ;This
' cquid eipléin thé hiéﬁer lysineAcontepf of‘Fl seed hérvesfed from;"

Hipfoly‘ plants as contrasted to those Fq éeed harvested frqmg'Betzes
.plants. The diffe;eﬁce in F) seed from reciprocgi c;osses-cgnnqt Ee
'expléiﬁed on'this basis. C&;oplasmic 1nhéritance could éxplain thé rer
. sults of bbthjpypés bf,progéniés;' The déta;Suggesfs addiﬁidﬁa} infgfrt

mation is née&éd for Hiproly and 6ther.high,lySine‘mﬁtahfs.
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Table 3-11. Mean protein and lysine data of F; and Fp seed from recipro-
‘cal crosses between 'Hiproly' and 'Betzes'.

.Character ‘ .Hiproiy x Betzes Betzes x Hiproly Differenée
F, lysine index; mm - 6.2 - 5.1 1.1%

Fy pfoéein, % R .14.6. : 12.9 1.7%

Fo 1§sine in grain, Z ' | .468 : ..380 : .086*
:Fz 1ysiﬁe in protein, % ' 3.21 - : é.95f C0.26%

*Significant at the 0.05 level.

for the breeder, knowledge.of maternal inherifance effects fér a
given trait is critiéal, if maximum.use of available genetic potential
is to be realized. If cytoplasmic effects exist in a mutant of-interest,x
then it should be used as the female parent in crosses with normal
variéties to derive full beﬁefit from the génetic.transfei of the tféitf
éoﬁsidered.'. | |
Study IV: Inheritance and Association

of the Shrunken Endosperm and High
Lysine Traits of Bomi, Ris¢ 1508

Shrunken Endosperm Inheritance--The shrunken endosperm trait of

Risd 1508 is recessive as indicgted by acceptable fits to 3:1, 1:2:1 and
combined ratios for most of the crosses (Table 3-12). Since it has
shown xenié in all first crosses it was propbsed that the trait be

desigﬁated'sex3c;




Table 3-12. The expression of shrunken endosperm in Fo seed from F; plants

. Normal varieties

and of F2 plants from Bomi, Risd 1508 crosses.

X2 for 3:1,

P for fit to

used in crosses Material. : N 1:2:1 or appropriate
_ with Risg 1508 _analyzed .Sex3— Sex3 Sex3 Sex3 sex3 sex3d seX3 7potal  combined ratios ratio
Compana . Fy seed 613 - - 182 795 1.88 .10-.25
Fp plants - 56 138 65 259- 1.74 .25-.50
Combined 1054 3.62 .25~-.50
Carlsberg II  Fy seed 523 - - 147 670 3.34 .05=.10
. : Fo plants - 14 .29 12 55 0.30 .75-.90
Combined 725 3.64 .25-,50
Betzes Fj seed 503 - - -~ 137 640 4.41 <.05°
F7 plants - 77 126 61 - 264 2.48 .25-.50 -
Combined 904 6.89 .05-.10
Heines Hanna® - Fp seed 445 - - 103 548 11.25 <.01
' Fp plants - 17 20 5 42 6.95 © <.05
Combined =~ * ) 590 .18.20 <,01
Hector’ Fo seed 575 - Z 101 676 36.48 <.01
’ F, plants - 37 83 25, 142 5.03 .05-.10
Combined 818 41.51 <.01
. Steptoe F2 seed 401 - - 101 502 6.38 <.05
Fy plants -~ 22 67 23 112 4.33 .10-.25
Combined 614 10.71 <.05
Unitan Fo seed 276 - - 104 380 1.14 .25-.50
F, plants - 27 71 24 122 3.42 .10-.25
Combined 502 4.56 .10-.25
Piroline F2 seed 310 - - 101 411 0.04 .75-.90
F7 plants - 24 100 25 149 17.47 <.01
Combined - 560 17.51 <.01
CL 4961 Fg seed 404 - - 104 508. 5.55 <.05
- 24 40 | 14 78 2.61 .25-.50

Erbet,

Fy plants
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-Departure from 3:1-and 1:2:1 ratios may be noted in Table 3w12,”and
may be due to the presence of suppressor genes or modifiers for shrﬁnken_
endosperm ox differential survival of male gametes or.pollen grains
‘carrying the sex3 éllele, as no obvious female sterility was noted. In
 all cases but one, rejection of the 3:l:or 1:2:1 H&pothesgé'wéé'dué‘to..

deficiency of shrunken - seed.

Shrunken Enddsperm Linkage-~Independence is indicated between sex3

and male sterile genes (msg) located on chromosomes 1 through 6 (Table

3-13). Nearly complete linkage is indicated between sex3 and msgl9 which
is located in chromosome 7 éccording to Eslié# (1971) and Ullriéh aﬁd "
Eslick (1977). Neither the coupled sex3 msgl9 genotype from 105 Fg
progeny from shrunken seed nor the couﬁled Sex3 Msgl9 genotype from
428 F3 progeny from F, heterozygous plants were recovered.

Linkage was also indicated Between thé short rachilla hair gene,
(s), and sex3. Partial Fy linkage data show 28.6 + 3.4 pefcent recombi~
nationjof the two geneé (Table 3-14). Karlsson (1977) has stated that
these two character; are independent. |

Tﬁe short—haired rachilla gene, Qg), is usually assigned to the
long arm of chromosome 7‘(Haus,'1977). Karlsgon (1976) has indicated
the high lysinelgene, lZﬁl’ of Hiproly dis probably 12 units distal_to
g:in the same arm. Eslick (1971) and Ullrich_and Eslick (1977) coﬁw.
sidered ‘msgl9 to be in the short arm near the centrqmerg of chromosomé 77

The results feported would indicate then, that the sex3 gene of Ris¢.1508




Table 3-13. Partial F3 llnkage data for male sterile genes (ms sg) X Bom1, Ris¢ 1508 shrunken
: endosperm xenia mutant (sex3) crosses. :

© CI 4961 msgl9

86

. Partial F, classification
Cross, location . 3
msg X Risd 1508, of msg Msg - Msg - Msg - . % Recombination
sex3 gene Sex3sex3 Sex3sex3 sex3sex3 msg msg
- Compana msglO 1 10 36 8 12 Independent
Compana msg2. 2 8. 30 11 20 "Independent
Carlsberg II msgb 3 14 31 12 24 Independent
Betzes msg24 4 14 27 13 17 Independent
Betzes msgl 5 18 30 9 24 Independent
Compana msgl 5 12 20 10 i5. Independent
Heines Hanna msgb 6 - 17 21 5 21 Independent
CI 4961 msgl9 7 0 33 12 19 0.0
CT 4961 msgl9 7 - - 105 0 0.0
7 0 428 - - © 0.0
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Table 3-14. Partial F3 linkage data for rachilla hair length (s) and

Bomi Risé 1508 shrunken endosperm mutant (sex3), Fp
genotype S sex3/ s Sex3.

-t-

Genotype Frquency

© 5— Sex3 Sex3 31
S5~ Sex3 sex3 _ 100
5— sex3 sex3 , - 54
ss Sex3 Sex3 23
ss Sex3 sex3 i 23
ss sex3 sex3 2
Total ' 233

% Recombination and S.E. 28.6 + 3.4

+The S—:ss ratio is 185:48 which fits a 3:1 ratio with X° = 2.4048,

p = .217. The SexSex:Sexsex:sexsex ratio is 54:123:56 which fits
a 1:2:1 ratio with x® = 20.7596, p = .690. : :

is probably distal to the centromere in the short arm of chromosome 7,
‘which is in agreement with Karlsson (1977). This dbés not conflict wi£h
the findings of Muench et al. (1976) concerning the independeﬁce of

Risg 1508's high 1yéine character and lysl on chromosome 7. Trisomic_
analysis supports the location of §g§§:on chromosome 7, also (éee

‘Seetion III, Study II).

Lysine Association with Shrunken Endosperm--The frequency distribu-~

tions, Figures 3-6 and 3~7 suggest a discrete percent lysine distribution

; - Lo 2.
for each endosperm genotype, and this was confirmed by heterogeneity X .
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Figure 3-6, Frequency distribution of percent lysine in grain
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tests of the frequency distributions of the plump and heterozygous 
classes represented in both figures. Probability of the same frequency
was < ,001. It may be noted in Figure 3-6 that a heterozygous indi-
vidual is included in the shrunken endosperm aistribption. Upon analysis
of the progény of this individual, no high lysing plump or hetér&zygoué
individuals were found, indiéating a l?sine analysis error for tﬁe
hetgrozygous individual.

A close association betﬁeen the high ;ysine character and ghe
shrunken éndosperm character is evident in Figures 3-6 and 3—7.and
Table 3-15. The Risd 1508 parent and F3 shrunken progeﬁy wére-not dif-
ferent from‘each other in percent lysine in the barley 6r in the pro-
tein but both were higher than the other parents orvprogenies. rThe
heterozygous F3 progenies were intermediate in both characters. Pluﬁp
parents were not different for percent lysine in the barley (Table 3-15).

The/heferozygous F3 progeny are hiéhef in lysine than the plump
F3 progeny, .493 percent vs. .441 percent in the barley, reépéctively
(Table 3-15). If xenia is assumed and adjustment for percent iysiné in
the barley made from the observed frequencies of plump and shrunken
kernels (calculated from the da;a in Table 3-12) .79 and .21, respec-
tively (e.g;, A4l x .79 + ,756 x .21 = ,507), the observed .493
approximates the calculated theoretical .507.

It follows that the normal lysine characteristic, in agreement

with Doll's report (1973), expressed complete dominance. In addition, .




Table 3—15. Summary of Fg ly31ne data for- varlety x Boml, Risg 1508 crosses and parents
’ represented .in Figures 3- 6 and 3-7.

.01)

Normal parents

13.4+.9°

3.11+.11

] Mean and confidence limits (p ] .
, No. of : No. of Lysine in  No. of
o . Protein  observa-. Lysine in -.observa- grain- observa-
Seed analyzed (%) tions protein (%) -__tioms (%) tions
' Risd 1508 parent  13.1 1 5.65 1 . 740 1
Fy shrunken 13.14.4 - - 41 5.76+.22 41 .756+.018- 62
_Fy heterdzygous . 14.5+:3° - 124 3.41+.07 f124 © . 493+.010 130"
Fy plump 14.2+.4 66 3.13+.08 " 66 441+.010 71
15" 15 418+, 023

‘15

€01

i B il
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the high lysine character also expresses xXenia in the same manner as thé
shrunken endosperm'charactgr.

The two most likely exﬁlahations for the above results would be
that oné trait is a pleiotropic effect of the other or that'ghey are twé
closely linked genes, oﬁe for shrunken endosperm, the-oﬁher hiéﬁ lysine.
My experience and that of others (Jenkins et al., 1977'énd Karlssén,.
1977) favors the former hypothesié, since no plump high lysiﬁé progeny

have been found from Risd 1508 x normal variety crosses.

Summary

Thé §g§.traits.of-Ris¢'29 and 86 were found to be allelic with
Compaﬁa' sexl.
| With trisomic analyéis evidence, the shrunken endosperm xenia traits
of Risé 86 (ggglgj, 29 (sexle) and 13 (sex4f) were assigned to chromo-
some 6; Risg 8 (sex5g) to chromosome 5; and Risg 56 (sex,h) possibly to
éhromosome 4:or 5 with more investigation require&. The high:aﬁYlose
trait (amol) of Glacier was assigned to chromosome 2. -
| Ma£ernal inheritance effects for seed protein and lysing contents
were indicated for the high prdteiﬁ, high lysine mufant, Hiproly .
The shrunken endosperm trait of Risé lSOé was found to express xenia
and to be inherited as a single recessive gene. It was proposed the gene
be dééign;ted Eggég. Marker gene linkage and trisomic analysis informa~

tion indicated the gene be aésighed to-chfomdSome.7."Thg higﬁ lysiné 
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trait was absolutely associated with the shrunken endosperm trait in
these studies, indicating a pleiotropic or closely linked gene rela-

tionship.




SUMMARY AND CONCLUSIONS FROM ALL STUDIES WITH

HIGH LYSINE MUTANTS OF BARLEY

By characterizing the spontaneous shrunken endosperm and/or low"

kernel weight mutants of bar}ey (seg, sex‘and amol mutants)’as being
high in seed protein and lysine content, eight "new" mutants have been
added to the list of barley high lysine mutants described in the liter-
ature. |

Several Risd induced high lysiﬁe mutants were characterized as.
being low in kernel weight and high in seed protein and lysine.content
over a range of Western U.S. environments;

The spontaneous mutants were selected visually for shruﬁken endp—
sperm and the induced mutants were selected chemically for high lysine.
Both'types of mutagenesis and both methods of selection produéed a simi-
lar spectrum of mutants. A cause and effect relationship has yet to.be
established for the high lysine—shrunkeﬁ endosperm phenomenopn iﬁ barley.

A mathematical manipulatioﬁ predicted the lysine levels of‘the
various mutants on thelbasis of normal kernel weights, Ittabpeafs thét
moétlof the mutants would maintain a high lysine grain content if a |
normal kérnel weight were achieved through breeding efforts.

As an exténsion of the mutant characterizations fof kernel weight
and protein and lysine content; the effect of environﬁent on the eipres—
sion of thése and eight other agronomic characters was-&éterpined.: A

regression analysis approach was uéed, whi¢h-provided for viéual as well
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as a statistical insite into mutant-normal and mutant-mutant relation-
ships. The adaptation of the various mutants for the various characters
was quite variable, as was the stability of the responses. Adaptation
was defined by the regressibn coefficient and stability by a combination
of the coefficignt of determination and the regressién cqeff;cient.

It was concluded that the characters that describe shrunken endo~
sperm (kernel weight, percent plump and percent thin) are best‘expressed
in enviromments that favor large seéd in the normdl isotypes. 'This prb— .
vides a basis fof_selection for or against shrunken endosperﬁ.

Selection fof high lysine using these mutant sourcés could be done
in any environment with percent lysine in the grain as the criterion. If
percent lysipe in the protein is the ériteribn, selecﬁion with some
mutants could be done in any environment, but for others, selection in
environments favofable for low percent lysine in the protein of the normal

isotype would be most productive. Risg 1508, Compana sexl and segh

come the closest fo fitting a model of the "ideal" high lysine mutant de-
finéd by adaptation and stability parameters for‘percenf lisine iﬁ the
protein.

ﬂost of the mutants were lower in yield and test weight than their
respectivé normal isotypes and environmental éesponses were yariable,
The meéﬁ differences and énvironmental_responées-were yariable for plant

height, heading date and percent lodging.
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Risgd 1508 is probably the best mutant source of lysine in the grain'
bﬁt considering its yield potential it is not economically feasible to
grow it commerciaily as a feédlbarley undgr present market cbnditions;

It méy be feasible'to_gfow commefcially Glacier Eggi and/or Risd 7
particularly under lower yielding (dryland) conditiqng.

Thg shrunken endosperm traits of Risg 1508, 29 éna 86 were found
to be inherited as single recessive genes that expfess xenia, and Risgd 29
and 86 were found to be allelic with Coﬁpana sexl. The absolute assoéi—‘
ation between shrunken endosperm and high lysine Qas established in
Risg 1508. The shrunken endosperm xenia expressingztraits of these and
several other Risg mutants (8, 13 and 56) and amol were assigned to
chromosémes by trisomic analysis; Maternal inheritance effecés fbr seed
protein and lysine contents were indicated for Hiﬁroly ligl. Addition~
ally, inheritance, allelism and linkage information is indipated for some
of the genes involved to suﬁport some of the data obtained iﬁ tﬁesé
studies.

These genetic sfudies and the characterization and adaptafion in~
vestigations have helped provide information for the basic understanding
of a group of high lysine mutants, wﬂich will allow the breeaer of high
lysine barley to better manipulate the genes involved for the prodﬁction'
of imp;oved barley gerﬁplasm and/or cultivars.

“The association bétween high lyéine and shrunkeﬁ endospe;ﬁlin.

barley appears to be quite general. The nature of this asso@iatipn is
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understood. Linked genes or pleiotropy may be postulated. For

commercial exploitation of this type of high lysine mutant, the detri-

mental association between high lysine and shrunken endosperm must be

overcome. The following points are offered as suggestions for diminish—

ing or overcoming the association, which gives direction to continuing

research: -

1.

If linked genes are involved, select for plump?high
lysine recombinants.

Breed for very large shrunken seed.

Search for or induce a suppressor gene for the shrunken
endosperm trait that does not affect the high lysine
trait.

Intercross shrunken endosperm-high lysine mutants and
look for plump-high lysine types that result from
epistasis.

Search for or induce and accumulate minor genes for
high lysine in plump barley lines.

Isolate a new family of mutants that are high in lysine
bpt plump.

Nutrition studies with high lysine barley mutants have indicated

that the_

exploitation of high lysine mutants is warranted.
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