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ABSTRACT

'Compana’ sexl, seg3 and segh, '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 thelr 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,' Ris¢$ mutants 7, 8, 9, 13 and 1508 and 'Carlsberg II', Ris¢
mutants 29, 56 and 86, induced high lysine, shrunken endosperm and/or
low kernel 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.5. intermountain environments. All mutants
were lower in kernel welght 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, seghi, 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 1n the grain 1s expressed more
or less equally in 211 environments.

The shrunken endosperm and high lysine traits of Risg 1508, and the
.shrunken endosperm trait of Ris¢ 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 Risd mutants and amol were assigned to chromosomes by
trisomic analysis. Maternal inheritance effects for seed protein and
lysine contents were indicated for Hiproly .

The associztion between shrunken endosperm and high lysine in
barley was firmly established. Sclutions of this problem for breeders
is presented,
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Risd 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

fHigh Amylose Glacier seem to have potential in their present state
as commerclal varieties, particularly under dryland conditions in
Montana.



INTRODUCTION

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

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 and North Afria.

With the advent of high lysine barley came a renewed awareness and
interest‘in cereal quality, especially protein quality. HNutritional
superiority was quickly demonstrated for the "new" high lysine barley
mutants. Development of commercial high lysine' cultivars has ﬂeen slow
because shrunken endosperm or low kernel welght is associated with the
high lysine property of barley..

The impetus for the research reported herein came from the require-~
ment for basic information and understanding of high lysine barley mu-
tants for effective progress in breeding barley cultivars 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 basiec informa-
tion on the genes involved such as gene action, chromosome location and

allelic relaticmships.



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 "Hiproly'
(CI 3947) of Ethiopian origin (Munck et al., 1970). It was selected from
the World Barley Collection by the dye-binding capacity (DBC) method 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 mutants as higﬁ lysine mutants 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 the most important amino acids that are essential
for the growth and maintenance of monogastric animals. They demonstrated
that lysine 1s essential and is the most limiting aminc 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., 1977),
the Risé mutants (Doll et al., 1974; Kdie et al., 1976; and Newman and
Eslick, :'|.976) and the notch mutants (Bala:ravi et al., 1276 and Bans_al
et al., 1977) have overwhelmingly demonstrated the nutritional superi-
ority of high lysine barley mutants -over normal barley cultivars.
Herein lies the ultimate justifacation for studying high lysine barley
nutants.

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 costly protein supplements in non-ruminant feed rations
with high lysine barley would greatly benefit the economy of the.Northu
west. Newman et al. (1978) have presented evidence with swine to indi-
cate this may be feasible.

Properties of High Lysine Barley
Mutants )

Genetic studies have revealed single recessive gene comtrol of the-
’high lysine property in barley (Munck et al., 1970; Doll, 1973 and 19763
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 Ké¢ie, 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 Kéle et 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 lysine glute;
lin, albumin and/or globulin fractions accompanied ﬁith shifts w£thin
fractions (Kéie 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 difference in the protein matrix-
sLarch 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-
ticn that equates protein body component change with low to high lysine
protein fraction shifts,

Hiph lysine barley mutants have an associated shrunken seed or
reduced seed weight phenotype (Munck et al., 1970; Ingversen et al.,
1973; Doll et 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 speculation 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 Enviromment 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 variance. Regression analysis is
another method.

In 1921 Mooers, perhaps, was the first to employ the regression
analysis approach for determining envirommental responses of 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, Bberhart and Russel (1966) with corn and Bilbro and Ray (1976)
with cotton. In all of these attempts to grasp the genotype x environ-
ment interactionm, Fhe basic objective has been to identify superior
genotypes for release and recommendation of varieties to be grown under
specified environments. The Montana Agricultural Experiment Station
breeders have been utilizing a regression analysis method for recommend-
ing varieties of small grains since 1969 (Hockett, 1970). Specific
mutant characterization in relation to a normal isotype for environmen-
tal responses for given tralts was first presented by Eslick and Hockett
(1977) for two erectoides mutants of barley and Eslick aﬁd Ullrich (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 1is true for
all the mutants considered in this investigation that have been studied.
The mode of inheritance of the high lysine érait of Hiprely 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 of
barley, The gene action of high lysine for Ris¢ mutants 7, 8, 9, 13,
and 1508 was determined by Doll (1973 and 1976). For Riséd 1508,
Karlss;n,(1977) and Ullrich and Eslick (1977) found that the trait ex-
presses xXenia and they have presented initial evidence for the iocation
of the high lysine gene on chromosome 7. Doll (1976) demonstrated for
Risd 8 and 13 that shrunken-ehdosperm and high lysine express xenia,
and are inherited together as a single recessive gene(s).
Pomeranz et al. (1972) indicated that the high amylose mutant of
the cultivar 'Glacier' had a higher seed lysine content than normal
Glacier . The high amylose trait (40% amylose) of lGlacier barley
first described by Merritt (1967) was found to be inherited as a single
recessive gene and to 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 spontaneous shrunken endosperm

mutants (sexl and segl - egSS in barley and their potential for hybrid
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barley production and as genetic markers were discussed by Jarvi and
Eslick (1975). Ramage and Scheuring (1976) reported on the inheritance

of segb and seg7.




SECTION T: 1LYSINE AND PROTETN CHARACTERIZATION or

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 investigatiom of the described shrunken endosperm mutants of
barley. The objectives of these studies were to 1) describe the known
spontaneous shrunken endosperm mutants Iin terms of kernel 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 induced high
lysine, shrunken endosperm mutants in a number of varied Western U. S,
intermountain environments, and 3) determine if there are any obvious
differences between the induced and the spontaneous shrunken endosperm

mutants for the characters considered.

Materials and Methods

General

Seventeen mutants were involved in the studies. Paired compari-
sons were made over a range of environments betweeﬁ the mutants and
their respective normal isotypes for #ernel 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, etc.) at varlous seeding
rates under dryland and irrigated conditions,

Kernel weight determinations were made on 30g sampies of each line
from each environmeﬁt. Proteln percentages were based on the macro
kjeldahl technique (N x 6.25). Lysine determinations were made by AAA
Laboratories of Seattle, Washington using an Automatic Amino Acid Analy-
zer with standard hydrolysis times, and in our laboratory by a modified
microblological assay technique (Waters, 1976). All chemical analyses
were performed on ground whole kernel samples. Statistical analyses
included'méan comparisons between mutant and normal isofypes by paired
t-test for the various characters studiled.

As an approach to explalning why shrunken endosperm mutants are
higher in percent protein and lysine than normal barley,‘aéﬁusted pro-
tein and lysine in the grain percentages were calculateg on the basis
of adjusting the mutant kernel weight to the normal kernel welght. The
following simplified formuié was used for this manipulation:

adjusted mutant % ; observed mutant % (protein.or lysine)
(protein or lysine) normal kernel wt./mutant kernel wt.

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

The spontanéous mutants in this study are characterized by a
visible shrunken endosperm and/or a detectable 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 seg?2;
'Compana' seg3 and segh; Glacier seg5 (Jarvi and Eslick, 1975);
'Ingrid' seg6 and segl (Ramage and Scheuring, 1976); Compana sexl ,
originally reported as Compana seb (Jarvi and Eslick, 1975) but subse-
quently redesignated as compana sexl (Eslick and Hockett, 1976b); and
Glacier amol, high amylose (Meritt, 1967; Pomerané et al., 1972),
Hiproly compared with Hiproly Normal (CI 4362) was included in fhe !
study as a spontaneous mutant high lysine check. Seven randomly selected
(from barley fields) spontaneous shrunken endosperm mutants were also
analyzed for seed protein and lysine content. MWaterial was grown from
1967-77 at various locations including Bozeman, Huntley, Sidney,
Moccasin, Havre and Kalispell, Montana and Mesa and Marana, Arizoma.

Betzes seg? is usually propagated from the balanced tertiary tri-
gsomic because of the very small seed and difficulty of establishing
field stands. Information based on the one or two samples available is
included in the tables with no further comment.

Study II: Characterization of Induced
Shrunken Endosperm Mutants N

Eight chemical and radiation induced mutants were involved in this ‘
study, -designated Ris¢ mutant 7 (thermal neutrons), 8, 9, 13 (ethyl
methane sulfonate) and 1508 (ethyleneimine) induced in the normal culti-
var Bomi , and 56 (Y-rays), 29 and 86 (ethyl methane sulfonate) “induced

in the normal- cultivar 'Carlsberg TII'. Initial mutant and hor¥mal
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isogenic seed stocks were obtained through the courtesy of the Agric.
Res. Dept., Danish AES Risd Roskilde, Denmark.
This material was grown from 1974-77 at 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 387 ( Ingrid seg6) to 957 ('Glacier amol) of normal.

All mutants except High Amylose Glacier have a significantly
higher percentage of seed protein (Table 1-1). Significant mufant—
normal mean differences range from 1,2% protein for Hiproly-Hiproly
Normal to 3.7% protein for Glacier segd - Glacier ; or from 109% to
129% of normal, respectively. 'High Amylose Glacier', as an exception,
does not have a visibly shrunken endosperm. Its lower kernel weight
may be due to slightly smaller or léss dense seed aglthough this is not
detectable with yield, test weight, percent plump and percent thin

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

Lysine Content—-The lysine analysis data obtained by miecrobiologi-

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



Table 1-1. FKernel weight and protein comparisons of shrunken endosperm

mutants and their normal isotypes.

Kernel welght Protein
‘No. of Mutant  Normal No. of Mutant Normal

Mutant compatr- isotype isotype compar- isotype isotype

Variety gene 180M8 means means Differences iszons means means Differences
(mg) (mg) (%) (%)

Compana sex 1 8 38.6 47.6 ~ 9,0%* 14 17.9 l4.4 3, 5%
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 -10,0k% 10 165 14,2 2, Joene
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 geg 6 3 15.1 39.9 -24 8k 7 14.5 12.6 1,94k
Ingrid geg 7 8 26.8 36.7 - 9,94 11 15.0 12.8 2. 2%
Glacier Beg 5 7 32.6 45.9 ~13. 3% 10 16.3 12.6 3, 7%%
Glacier ' amo 1 20 46.9 49.4 - 2,5k 21 12.6 12.5 0.1
Hiproly lys 1 26 38.4 49,2 =10, 8% 26 18.4 17.2 1, 2%%

4% gignificant at the 0,0l level.

Al



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

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

Variety gene comparisona isotype isotype Difference isotype Lsotype Difference
Compana gex 1 14 .598 .379 J219%% 3.37 2.66 At
Compana seg 3 12 534 .391 L L4 3%% 3.40 2,76 65%%
Compana seg 4 10 624 L403 L221%% 3.79 2,87 LGl
Betzes aeg 1 18 ,518 436 Q8 2%k 3,25 3.05 20k
Betzes seg 2 2 . 704 .320 .384 4,38 2,18 2.20
Ingrid seg 6 7 514 .387 L127%% 3.55 3.09 N1
Ingrid seg 7 11 488 407 .08 1*x% 3.25 3.20 .05
Glacier seg 5 10 473 .369 . LD4%% 2,93 2,94 ~.01
Glacier amo 1 21 430 .373 L057%% 3.44 3.00 AL
Hipraoly lys 1 26 .581 448 «133%* 3.15 2.61 Stpxex

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

£T
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the amino acid analyzer (AAA) are presented in Table i~3.

When considering percent lysine in the grain determined by both
MBA and AAA, all mutants have a higher lysine content than their normal
isotypes. WMicrobiological assay average mutant values range from 115%
( Glacier' amol) to 158% ( Compana sexl) of normal while AAA average
mutant values range from 109% (. Glacier amol)to 160% ( bompana sexl)
of normal. -

Lysine content expressed as percent of the protein (g/16gN) egual-
izes differences in protein when making comparisons. All mutants com-—
pared tc the normal have significantly higher percent lysine in the -
protein when determined by AAA except Glacler seg5 (Table 1-3) and
when determined by MBA except Ingrid seg7 and Glacier segs
(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 seg7 to 136% of
normal for Ingrid segh by AAA analysis. Similar lysine and protein
results were obtained for two of the mutants considered here; Hiproly
and Betzes segl by Ahokas (1977).

Seed size within a splke 1s quite variable for Glacler segb
(Jarvi and Eslick, 1975). The presence of plump séed in the samples is
a possible explanation for the non-significant difference between

Glacier segd and Glacier in percéné lysine in the protein. When

sieve size fractions were obtained from bulk samples of Glacier segl



Table 1-3. Amino acid analyzer lysine comparisons of shrunken endosperm
mutants and their normal isot¥pes.

Mean lysine in grain (%) Mean lysine in protein (%)

Mutant No., of Mutant Normal Mutant Normal
yariety gene comparisons isotype isotype Difference igotype isotype Difference
Compana gex 1 3 +729 454 .27 5%k 4,17 3,30 .B7%
* Compana gex 3 3 +630 454 . 176%% 4.10 3.30 .80%
Compana seg &4 3 .701 454 L2547+ 4.21 3.30 91%
Betzes seg 1 4 .587 .469 . 118%* 4,07 3.62 4 5%
Ingrid seg 6 3 .609 408 20 Lk 4,50 3.32 1.17%*
Ingrid Beg 4 , .582 464 L118% 4,08 3.93 15%
Glacier seg 5 3 . 544 427 L117% 3.58 3.47 .11
Glacler amo 1 8 481 A4l 040+ 4.19 3.76 LG3kk
Hiproly lys 1 16 .791 542 L 249%% 4.35 3.23 1.12*%%

*, *% Significant at the 0.05 gnd 0.01 .levels,.respectively.

€T
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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. M™ean 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 (%)
on 2.8 x 19 mu 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

Plump seed may be obtained from homozygous 'Ingrid' seg?7 plants in
some environments (R. T. Ramage, pe.rsonal communication). Some plots
within the range of enviromments involved in this study also yielded
plump seed. Microbiological assay analyses involved all environments
in which seg7 was grown 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/7 from each enyironment in which it was grown, the mﬁtan;—
norﬁal mean difference in MBA percent lysine in the protein (-0.11%) was
non-significant. 'Oé the other hand, only seg’7 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 mutant-normal differences
from common enviromments 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 considerably higher for thé MBA

analysis.

General--It could be postulated that nmormal 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 hypothesis can be
tested, at least theoretically, by adjusting the mutant kermnel weight
upwards to the normal kernel weéight and calculating §djusted protein
and lysine in the grain percentages. The data presented in Table 1-3
represent this type of manipulation made possible by the fact that mutant-
normal pairs are isogenic lines and the data are paired.

The mutants do not "behave" similarly when they are calculated as
"plump." The adjusted mutant-normal difference in-percent protein was
non-significant for some mutants; The deposition of starch in these

shrunken mutants may be restricted more than protein depoéition 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 Ho. of mutant normal mutant normsl

Variety gene comparisons bisotype isotype Difference isotype isotype Difference
Ccompana sex 1 g 14.6 14.1 0.5 .568 412 . 156%%
Compana seg 3 8 9.5 13.9 by fkk .328 415 . 087%%
Compana seg & 9 13.2 14.1 -0.9 .518 412 . LOG%*
Betzes gog L 16 B.6 14.5 w5, Gk .281 435 = . 15947%k
Ingrid seg 6 3 5.1 12.3 7. 2%k . 184 .396 -, 21 2%k
Ingrid - seg 7 8 9.8 12.5 w2, Tk 310 401 -,091*
Glecier seg 3 6 10.6 11.9 -1.3 .327 .375 « 048**
Glacier amae 1 20 12,0 12.5 -0.5 402 .375 L027%
Hiproly lys 1 26 14.4 17.2 -2,8% 456 448 .008

*, %% Gignificant at the 0.05 and 0.01 levels, respectively.

+ Adjusted mutant 7 =

observed mutant 7, (protein or lyaine)}

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 mutants was significantly lower than normal.
This perhaps indicates that protein as well ag starch deposition is
severely affected in the mutant kernel.
For those mutants in which protein accumulation in the kernel may
be relatively little affected, it might be expected 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 s?gnificantly dilute
the 1yqi£e content. For Compana seg3, Betzes segl and Ingrid
gggg_and seg7 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
application of the results would be to give the breeder a basis for
selecting "high lysine" mutants, with which to work, ffom a relatively
large number of possible candidates. It would appear that those mutants
that maintain a significantly higher percent 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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I£ remains that the described shrunken endosperm or low kernel
weight mutants of -barley have assoclated high protein and high lysine i
éharacters with few possible exceptions. The data presented in this

paper indicate that eight "new" mutants should be added to the list of
known high lysine mutants.

These associations were alsc 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 protein than appropri-
ate normal checks, all were higher in lysine centent exﬁres;ed 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 relatiéely easily
obtained by searching fo? shrunken endosperm mutants in barley fields.

Study II: Characterization of Induced
Shrunken Endosperm Mutants

Kernel Weight--All mutants, in comparison with their normal iso-
types, had lower kernel welghts over the range of environments involved
in this study (Table 1-7). The mean mutant kernel weights ranged from
72% (Ris¢ 8) to 94% (Ris¢ 7) of the normal isotypes. The magnitude of-
the mean kernel weight difference is relatively small for several of
the mutant-normal pairs (Ris¢é ?, 9, 29, 56, 86), particularly in-com- .

parison to the spontanéous shrunken endosperm mutants of barley grown



Table 1-6. Protein and lysine comparisons between randomly selected shrunken endosperm mutants

and normal endosperm barley.

% Protein

% Lysine in Grain

% Lysine in Protein

Variety Mqtant Normal Diff. Mutant MNormal Diff, Mutant Normal Diff,
Segregating
Material + 14.0 12.3 1.7 .600 .360 .240 4,28 - 2,93 1.35
" 14.-8 16.0  -1.2 .490 440" .050 3.31 2.75  0.56
" 18.0 12.5 -5.5 . 660 .460 .200 3.67 3.73 -0.06
" + 15.5 12.3 3.2 .508 .360 .148 3.28 2.93 0.35
" 15.9 18.5 -2.6 .505 436 .072 3.19 2,36 0.83
Klages + 18.1 12.3 5.8 .526 .360 .166 2.91 2.93  -0.02 &
" +  14.7 12.3 2.4 544 .360 .184 3.70 2.93 0.77
Compana B llj; B B .360 3.08 -
Steptoe 11.6 .360 3.10
Hiproly 17.9 16.0 1.9 .640 .226 3.76 2.58 1.18

* 1414

+'Betzes' was used das a normal check in lieu of a normal isotype.



Table 1-7. Kernel weight and protein comparisoms of induced shrunken endosperm mutants
and their normal isotypes. o

Mean kernel weight (mg)

Mean protein (%)

zgépar— Mutant  Normal Difference compar— Mutant Normal Difference
Riséd mutant isons isotype disotype mutant~normal isons isotype isotype 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%%
11508 bt 34.3 43.4 —g,1#% 47 13.8 13.2 0.6k
29 33 36.5 39.3 -2,8%% 36 14.0 12.9 1.1%%
56 25 35.9 39.7 -3.8%% 28 14.7 12.9 1.8%%*
86 33 34.0 36 14.7  12.8 1.9%%

39.2 —5.2%%

#%Significant at the 0.01 level.
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in similar enviromnments (Table 1-1).Doll (1976) detected no difference
in kernel weight between Ris¢ 7 and normal Bomi .
in the environments involved In thls experiment Risé mutants 8,
13, 1508, 29, 56, and 86 displayed a shrunken kernel phénotype in which
"xenia was expressed. Risé mutants 7 and 9 produced kernels that were
plump in appearance. Doll (1976) stated that Ris¢g 9 produced shrivelled

seed under Danish test conditions.

Protein Conten;——All mutants except Risgd 7 and 9 had a significantly
higher percentage of seed protein than the normal isotype (Tab}e 1-73.
For those mutant-normal pairs with significant differences, the‘relative
mean mutant protein contents ranged from 104% (Risé 1568) to 115% (Risé ‘
86) of the normal isotype. Risd 7 and 9, as exceptions, do not manifest
a visibly shrunken endosperm as indicated above. These findings are
similar to those for the spontaneous shrunken endosperm mutants

(Table 1-1).

Lysine‘Content—-By microbiological asséy all mutants had a higher

iysine content than their normal isotypes whether expressed as percent
in the grain or in. the protein (g/lég N)(Table 1-8). Mean mutant values
ranged from li3% of normal for Risé 9 to 157% of normal for Risd 1508
for percent lysine in the grain and li3% of normal for Risd 7.t0 149 of
normal for Risé- 1508 for percent lysine in the protein. In the environ-

ments considered in this study all mitants in general -had a higher



Table 1-8. Microbiological assay lysine comparisons of, induced shrunken endosperm mutants
and their normal isctypes.

Mean lysine in grain (%) Héan lysine in protein (%)
Eg;p25~ Mutant Normal Difference Mut;ﬁt Normal Difference
Risgd mutant isons isotype_ isotype mutant-normal isotype_ igsotype mutant—nqrmal

7 28 .435 .384 L0514* 3.30 2.93 L37%%
8 26 .548 386 . .l62% 3.80 2.92 .88
9 238 L4344 . 384 . 050%* 3.32 ' 2.93 L 39%%
13 28 . 544 .384 . 160% 3.68 12.93 L75%%
1508 47 . 607 -.386 221 %% 4,39 2.95 1,44%%
29 36 .507 .30l L 116%% 3.66 3.07 . 59%#:
56 28 .538 .379 .159%% 3.69 2.97 L72%%
86 36 . 514 -390 L124%% 3.56 3.06 T 50

ve

#%Significant at the 0.0l level.
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lysine in the protein percentage relative to their normal isotypes com-
pared with the-findings of Ingversen et al. (1973), Doll et al. (1974)
and Do;; (1976).

With relatively fewer comparisons by amino acid analysis,

(Table 1-9) Ris¢d 9 was not significantly different from normal Bomi
in percent lysine in the grain or in the protein, and Ris$ 56 was dif-
fereat from normal Carlsberg II in percent lysine in the protein at
the p = 0.10 level only. All other mutants were significantly higher
in percent lysine in the grain and in the protein than their normal
isotypes.'

Mutant means significantly different from normal ranged from 110%
(Risd 7) to 148% (Risd 13) of the normal isotypes for percent lysine in
the grain and ilZ% (Risd 7) to 140%Z (Risd 1508) for percent lysine in
the protein by amino acid analysis (Taﬁle 1-9).

Considering shrunken endosperm mutants in general and comparing
the induced Risd mutants with the spontaneous mutants (Section I,
Study I) the relative lysine in the grain percentages are similar. The
Ris$ 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., 19733 Doll et al., 1974; Doll, 1976; Balaravi et al., 1976,



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

and their normal isotypes.

Mean lysine in protein (%)

Mean lysine in grain (%)

Ez$p2£- Mutant Normal Difference Mutant Normal Difference
Risd mutant isons isotype isotype mutant—norma; isotype isotype mutant-normal
7 3 .502 (456 . 046% 4.14 3.69 5%
8 3 .613 .456 L157%% 4.78 ) 3.69 1.09*f
9 37 .456 456 .000 3.80 3.69 11
13 3 .673 .456 L217% 4.88 3.69 1.19%=%
1508 7 <594 428 166%% 5.05 3.62 1.43%%
29 4 .571 450 .121%% 4.58 3.77 LB L%
56 3 .601 .453 . 148% 4.52 3.90 .62
. 4,47 3.70 VL

86 5 .593 L4441 < 152%%

9c

*,*%%Significant at the 0.05 and 0.0l levels, respectively.
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Section I, Study I and Section III, Study IV). In Section I, Study I it
was postulated that a starch dilution effect could cause mutant-normal
differences ‘In protein and lysine content. This hypothesis may be
tested as in Section I, Study I. Adjusted mutant-normal differences in
percent protein were non-significant for Risé 29, 56 and 86 (Table 1-10).
The deposition of starch in these mutants may be restricted more than
protein deposition during grain f£illing. The adjusted percent protein
values for the Bomi , Ris@d mutants were significantly lower than normal
Bomi , indicating that protein as weli as starch deposition is severely
affected in the mutant kerﬁel.

For all mutants, except Risé 8 and 9, the adjusted mutant percent
lysine in the grain was significantly higher than their normal isotypesf
This may indicate that a genetic deficiency in kernel plumpness or
weight increases lysine deposition in the kernel, as adding starch or
weight to the kernel did not eliminate a predicted high lysine content
in a plump kernel.

It would appear that, if these theoretical considerations hdave pre-
dictive value, those mutants that maintain a significantly higﬁer'per—
cent lysine in thg grain with calculated added kernel weight sh0u1d‘have
the most potential in a breeding program for high lysine bariey. It
must be considered that these theoretical results do not'indi;ate that
the neggtive association between shrunken endosperm or low kernel weight

and high lysine 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 (Z%)

Mean lysine in grain (%)

Adjusted Observed

Adjusted Observed

No. of mitant normal Difference mutant normal Difference
Risd mutant comparisoms 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 l3.2/ =1.6%* .380 . 387 -.007
13 27 11.8 13.1 =1.3%% 433 : 385 L048%% 12
1508 44 11.0 13.3 - -2.3%% 481 .386 .095%%
29 33 13.2 13.0 0.2 .482 .397 .085**
56 25 13.3 13.0 0.3 494 .386 .108%*
'86 33 12.9 12.8 ﬂ -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 désignated spontaneous shrunken
endosperm muténts of barley (segl-7 and sexl) are low in kernel. weight
and high in grain protein and lysine. The high amylose mutant (amol) of
the cultivar Glacier was also found to be low in kernel weight and
high in grain lysine but not protein. This adds eight "new" mutants to
the list of barley high lysine mutants described in the literature.

The induced high lysine Risd mutants studied (Risé 7, 8, 9, 13,
1508, 29, 56, and 86) have a reduced kernel weight and in general have a
'higher grain lysine content relative to their normal isotypes in the
environments considered, than has been previously reported in the liter—
ature. All mutants except Risg 7 and 9 h;d higher seed protein as well.

A similar spectrum of mutants occurred, whether they were 5pontan-j
eous and visually selected or induced and chemically selected. Consider-
ing ail the mutants involved in this study, whether they are designated
as "high lysine" or "shrunken endosperm" appear to be .a matter of choice.
A cause and effect relationship has yet to be established.

By mathematically adjusting the mutant kernel weights to normal
kernel weights and recalculating percent protein and lysine\in the grain
for both the spontaneous and iﬁduced 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 isotypes. This indicates that perhaps most of
the mutants would malntain a positive mutant-normal difference ip lysine
percentage, if normal kernel weights were achieved through breeding

efforts.



SECTION I1: EFFECT OF ENVIRONMENT O BARLEY

SHRUNKEN ENDOSPERM MUTANTS

Introduction

In evaluating 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 enviromment
groupings, 1s also desirable and critical 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 generzl
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 agromomic 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 welght, 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. In addition, yield, test weight, percent plump, percent thin,
plant height, heading date and percent lodging paired data were analysed.
With the exception of percent plump and percent thin for some of the sex
and seg mutants, the additional characters were measured in conjunction
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 a row spacing of 30 centimeters.

The central 1.44 n’ of each plot was harvested for yield determi-
nations. Test weights were deéermined with a standard Ohaus test welght
measuring device. Percent plump (on 2.4 x 19 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 samples from the seed harvested from
each plot. Plant heights were the average of three measurements taken

from the ground 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 the plot had headed
(at least 1/2 of the head emerged from boot of the main culm). Percent
lodging was determined by the degree and prevalence of lodging at harvest
time.

Paired data from 1966-1978 over a relatively wide range of Western
environments were analyzed. Means were compared by paired t-test, and
correlation and regresslon analyses were performed for each mutant-
normal isotype pair for each character studied. The normal isotype was‘
assigned the x-array and the mutant isotype the y-array. Regression
coefficients (byx) were calculated with the recognition thaé the x
(normal isotype) variable was not fiied. The assumption 1s made tha£
for each x, the sample value of y is drawn from a normal population that

has a mean, p = o + Bxi and a constant varilance 02 (Snedecor and

¥x
Cochran, 1967).

In addition to the statistics (x y, r2

and byx) derived from the
data, graphs were constructed for each character studied utilizing the
appropriate means and byx values. The namedisotype (y-axis) was plotted
against the normal isotype (x-axis). If the named isotype is the nor-
mal isotype, a unity line results with a slope and r equal to 1.0, If

the named isotype is the mutant 1sotype, the resulting line is a linear

regression line with a slope equal to the appropriate byx'
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Results and Discussion

Interpretation of Regression
Analysis

The unity line of the regression plots is interpreted as the re~
sponse of the normal isotype and the regression line the response of the
mutant isotype over the range of environments tested. The assumption
is made that the x—axis represents a range of enviromments (toward the
X,y axes coordinate are low protein, yield, plant height, etc. environ—
ments and toward the opposite end are high protedin, yieid, plant height,
etc., enviromments).

The intercept of the mutant isotype mean with the normal isotype
mean determines the relative position of the regression line. The slope
of the regression line (byx) is interpreted as a measﬁre of adépfation
or how a mutant responds to changes in envirommental conditicons in com~-
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 allows inter-
pretation of the mutant response relative to the response of the no;mal-
isotype. It allows for an answer to the question, "Does the mutant
isotype respond differently than the normal isotype to changes in the
environment as measured by the "check" or normal isotype?",

The magnitude of the coefficient of determination (;2) indicates

the percentage of the total variation that is accounted for by the
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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 r2 value. These variations would appear in an analysis of variance
as a portion of the genotype x enviromment interaction, the remaining
port?on beinglrepregented by deviation of byx from a slope of ;.0. These
components are not differentiated in the genotype X enviromment inter-
action term in an amalysis of wvariance,

The coefficient of determination is also a measure of thé closeness
of fit of the mutant (y) values to the regression line. This may be
equated with a measure of stability (Bilbro and Ray, 1976). Since
\mutant isotypes are compared to respective normal isotypes in this
study, stability is defined by both rZ2 and whether byx is éifferent from
a slope of 1.0. For a given character, a stable mutant is one that has
a significant and high 2 and a byx that 1s not different from a slope
of 1.0. A stable mutant responds with a high degree of predictability
and is consistently greater than, equal to, or less than the normal
isotype for a given character in all environments tested.

When considering characters like yield, in which absolute values
are measured and plotte&, a byx 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 the regression coefficlent is significantly different from 1.0,

we may attribute this to an explainable difference associated with a

significant genotype x environment interaction as might be observed in

an analysis of variance table, whereas 1.0 - r2

-re

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

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

of wvariance.

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, segh5, 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 segh, r is non-significant, indicating a

considerable amount of variation 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 slope of 1.0 (Table 2-1}, which‘means that for
a given mutant-normal pair, kernel weight differences are greater or
less depending upon environmental responses of the normal isotype.

There may be environments where the mutant-~normal means are different



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

Normal Number of Normal isotype (x) Mutant isotype (y) Diffezence + 2;

cultivar Mutant comparisonsg mean range mean range X=y VX r
Spontaneous mutants
Compana sexl 9 47.8 39.1-54.7 39.8 33.4-49.9 §.0%* 0.42 L1380
Compana seg] 8 46.9 39.1-51.7 26.2 23.1-31.4 20.7%* =0.25%% ,116
Compana segh 9 47.8 39.1-54.7 37.8 35.0-40.3 10,0%%* 0.15%% 157
Betzes segl 17 34,3 21.9-40.1 18.8 12.4-22.1 15.4%%* ~0.05%% ,005
Ingrid segb 8 39.7 35.2-43.3 14.5 11,5-18.Q 25,2%* 0.54%% _G517*
Ingrid seg? 8 37.5 31,2-48.6 27,4 17.4-39.2 10.1% -0.59* 202
Glacier segd 7 45.9 40.4-51.4 32,6 26.9-35.9 13.3%% 0.46 .368
Glacier amol 20 49.4 42.1-55.6 46.2 38.3-57.8 2.5%% 0.77 LATgRA
Hiproly Norm Hiproly lysl 26 49.2 39.9-57.0 38,4 32,9-45.F  10.8%%  0.48%k  SOL**
Induced mutants
Bomi Risd 7 28 44,7 35.3-54.0 42,2 34.6-50.8 2,.5%% 0.67** ,680**
Bomi Risd 8 26 * 45.0 36.1-54.0 32.6 25.0-42.9 12, 4%*% 0.52%%  42(0%*
Bomi Risd @ 26 45,1 36.1-52.0 39.6 27.8-54.3 5,5%% 0.85 428%%
Bomi Risg 13 27 45.0 36.1-55.0 35.7 30.1-41.6 9. 3%=* 0,47%%  698x*
Bomi Risdé 1508 54 43,4 34.0-54,0 34.3 27.7-42.4 g, 1%% Q.46%% 7114
Carlaberg II Risg 29 33 39,3 32.3-47.8 36,5 28.7-43.1 2.8%% 0.G7%% 706%™
Carlgsberg II Rasd 56 25 19.7 32.9-47.8 35.9 30.8-41.1 3.8%% 0,55%% 4] Q%%

Ris¢ §6 33 39.2 32.3-47.8 34.0 26.6-42.1 5.2%% 0.56%* ,326%*

Carlsberg II

* %% Significant at the 0.05 and 0.0l levels, respectively.
t Significant differences from a slope of 1.0 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 which the-byx is different from 1.0, the mutant-normal dif-
ferences diminish in the lower kernel weight environments as established
by the normal 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 i;
noted, and the mean difference and r? in Table 2-1 considered, in spite
of the byy being different than 1.0, the conclusion, even with extrapo-
lation, would be that in all environments segb would have a significantly
lower kernel- weight than ZIngrid .

Considering Figure 2-1 for all mutant-normal pairs with a byx dif-
ferent than 1.0, the greatest mutant-normal differences are observed in
the higher kernel weight environments. Selection for or against this
trait would be most productive under conditions that favor .large seed of
the normal isotype, since this is where the shrumken trait is best

expressed,

Percent Protein

All mutants except amol, Risd 7 and Risd 9 were higher in mean seed
protein, percentage than their respective normal isotypes in the en—‘
viromments considered, while all correlations are significant and most
r2 values are relatively high (Table 2-2).

For those 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 thelr normal isotypes.

Normal - Number of Normal i1sotype (X} Mutant isotype {y) Difference - i

cultivar Mutant comparisons nean range mean range Xy vx ' 2
Spontanecus mutants
Compana sexl 14 14.5 10.0-17.3 17.9 15.4-21.9 =3, 4%%* 0.%4 JS17A*
Compana seg3 12 14.4 10.0-17.3 16.6 14.5-20.6 —2.2%%* 0.62%%  §02%*
Compana seph 10 14,2 10.0-17.3 16.5 14,9-19.0 -2, 3%% 0.49%%  §42%%
Betzes gsegl 18 14.6 12.3-18.6 15,9 12,8-1B.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 L518%%
Ingrid seg? 11 12.8 9,6-14,9 15.0 13.0-16.7 =2, 2%% 0.74 ,810%%
Glacier segs 10 12.6 10.2-14.3 16.3 11.6~20.7 =3, 7N 1,66 LE34%*
Glacier amol 21 12.5 B.5-16.2 12.6 8.4-15.5 -0.1 1.03 L8854*
Hiproly Horm., Hiproly lvsl 26 17.2 13.2-19.3 18.4 14.0-20.5 =1.2%% 0.65%* ,530%*
Induced mutancs
Bomi Risg 7 28 13.2 8.3-16.8 13.2 9.8-17.1 0.0 0.88% ,921%%*
Bomi Ris¢ 8 26 13.2 8.3-16.8 14.4 9.8-17.1 ~1,2%% 0.%0 LBH2A*
Bomi Risd 9 28 13.2 8.3-16.8 13.2 8,9-17.4 0.0 0.75 LY
Bomi Risd 13 23 13.2 8.3-15.8 15.0 11.5-18.3 =1,8%* 0.84%  B42%*
Bami Risd 1508 47 13.2 8.3-16.8 13.8 9,3-16.8 =0,6%* 0.84%  874%%
Carlsberg IT Risd 29 36 12.9 8.8-17.6 14.0 9.6-18.7 =1l.1%* 0.99 L323%%
Carlsberg IT Risd 56 23 12.9 8.8-16.5 14.7 9.4-19,3 —-1,8%x% 1.04 T4k
Carlsberg II Ris¢ 86 36 12.7 §.8-17.6 14.7 9.6-21.4 ~2, Q%% 1.19 _798%%

k,** Significant at the 0.05 and 0.01 levele, respecrively.
! Siguificant differences from a slope of 1.0 are starred.
Significant correlations of palred values are starred.

oY
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expected to change significantly from environment fo environment for the
environments evaluated. Mutant-normal pairs with a byx different from -
1.0 have be values less than one, which indicates that greater mutant-
normal differences -in percent protein would be expected in environments
which favqr low protein in the normal isotype (Table 2-2 and Figure 2-2).
Further, if the mutant-normal pairs witﬁ significant mean differences
were grown only in environments which favor high grain protein concen-
‘trations in the normal isotype, non-significant mean differences may be
observed. If the Ris¢ 7- Bomi pair is considered {(mean difference

= 0.0, b, = .88%, r2 = ,921%%), a significant mean difference may -

.4
occur if only very high or very low protein environments for 'Bomi' were -
evaluated (Figure 2—2): The central concept is that once a regression
line %ith a byx different from 1.0 is established (particularly with a
high ¥2) for a range of enviromments, then the relationship betweén
mutant and normal (significance of mean difference) méy change- dependent
upén the enviromment or group of environments evaluated.

Several mutants are quiﬁe stable for percent protein, particularly

ampl, Ris¢$ 8 and 29. This is indicated by a by, not different from 1.0

X
and a high rz. A predictable and consistant response relative to their
normal isotypes would be expected from these mutants over the range of
environments 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 ‘harley shrunken
endosperm mutants and their respective normal
isotypes. .
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is the case, Low kernel weight in the mutants is best expreésed in en-
viromments that favor large seed in the normal isotyﬁes (Figure 2-1) and
high percent protein in the’mutants is bést expressed in environments
that favor low percent protein in the normal isotype (Figure 2-2), and
in general, low kernel weight and high protein environments and high

kernel weight and low protein environments are synonymous.

Percent Lysine in the Grain

The percent lysine in the grain mean differences are significant
for all mutant-normal palrs and most correlations are significant, al-
though the r2 values are relatively low. Over all, the response of the
mutants is quite uniform, indicated by all but two of‘the bYx values
being not different from 1.0 (Table 2-3).

The highly significant mean differences or the relaﬁioﬁéhips be-
tween the mutant and normal means have positioned the regression lines
well above the unity line (Figure 2-3). Considering the 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 mutant sources in any environment. 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) Diffezence b7 2;

cultivar Mutant comparisons mean range mean range Xy VX T
Spontaneous mutants .
Compana sexl 14 .379 .31-.49 .598 A41-,78 0 =,219%k 2 0Bkk [ 747**
Compana segd 12 391 .32-,49 .534 .37-.64 =.143%* 1.62 L638%*
Compana segh 10 403 L 32~.49 .624 .37-.72 — 221 %% 1.45 .364
Betzes segl 18 436 .34-.53 .518 40,59 -, 0B2%% 0.34%% 213
Ingrid segh 13 L431 +39~,51 .565 A46-.72 =, 134%* 0.38 .057
Ingrid seg? 11 407 34~ 45 488 L43-,62 —,081%* 0.75 .176
Glacier segd 10 . 369 L31-.47 473 L37-.66  =,104%* 1.85 .658**
Glacier amol 21 .373 .31-.52 430 .33-.61 -.057%*% 1,16 ,668%*
Hiproly Norm. Hiproly lysl 26 L448 .36-.52 .581 L42-,167 —-,133%%  0.99 A455%%
Induced mutants
Bomi Risd 7 28 .384 .30~.52 L435 .30-.66 -.051*%*% 1,11 L498**
Bomi Risd 8 27 .386 .30-.52 .548 L33-.70 =.162%*x 1,13 L3B4 %%
Bomi Risé 9 28 .384 . 30-.52 434 .33-,66 -.050%* 0,73 L 233%%
Bomi Risd 13 28 . 384 .30-.52 <« 544 .33-.72 ~.160%% 1.28 G 93%*
Bomi Ris¢ 1508 47 .386 +  .30-.52 .607 .40-.80  -.221%% 1,02 W 247 %*
Carlsberg II Risé 29 36 .391 .27-.55 .507 .35-.70 -,1i6%** 0,87 . 388%x
Carlsberg IT Risgd 56 28 .379 w27=.49 .538 .28-.77 —.159%% 1.34 AR
Carlsberg II Risd 86 36 .390 .27-.55 .514 .33-.75 ~,124%% 0,66 L124%

*,**' Significant at the 0.05 and 0.01 levels, respectively.
t Significant differences from a slope of 1.0 are starred.
¢ Significant correlations of paired values are starred.

By
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Figure 2-3. Percent lysine in the grain relationships be-
tween barley shrunken endosperm mutants and
thelr respective normal isctypes. )
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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 2-4 and Figure 2«~4) was con~
siderably more variable than for lysiné percentage in the grain
(Table 2-3 and Figure 2-3),

Three basic response 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 (seg3- Glacier and seg7?- Ingrid ) have significant correlations
and byx val;es that are not different from 1.0. This iﬁdicates that
non~significant mutant-normal difference in percent lysine in the pro-
tein is probable in any environment, and that the difference in iysine
in the grain between mutant and normal is due to the shrunken kernel
type only. ‘

Another group of mutant-normal pairs have significant mean differ-
ences and byx values not different from i.O: These mutants éhould main-
tain lysine in the protein percentages above their norﬁal isotypes re-
gardless of environmental conditions.- Two of these mutante, sexl and
segh are particularly stable in their response relative to Compana ,
their normal isotype.

The third group of mutants, typified by Ris¢ 1508, Ris¢ 8 and

Hiproly 1lysl are higher in percent lysine in the protein than their

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



Percent lysine in the protein comparisons between barley shrunken

Table 2-4,
endosperm mutants and thelr normal ilsotypes.
Normal Number of Normal isotype (x) Mutant isotype (y)_ Difference T
cultivar Mutant com X=y Byxt 24
parisons mean range . mean range X=y ¥ r
Spontaneous mutants
Compana gexl 14 2.66 2.,03-3.52 3.37 2.33-4.67 -0,71%%  1.40 L738%%
Compana seg3 12 2.76 2.12-3.52 3.40 2.20-5.10 -0,64%* 1,25 B4
Compana segh 10 2.87 2.12-3,52 3.79 2.34-4,56 =0.92*%* 1.4l LT32%k%
Betzes segl 18 3.05 2.62-3.59 3,25 2.,65-4.08 —0.20%% 0.58% 401 %%
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 1.22 497
Glacier seg5 10 2,94 2.35-,345 2.93 2,10-3.59 0.01 0.95 L584%
Glacier amel 21 3,00 2,43-3.88 3.44 2.64-4,51 -0,44%% 0,95 49B*%
Hiproly Nerm. Hiproly lysl 26 2.61 2.18-3.09 3.15 2.53-3.46 -0,54*%*  0.14%% ,0l6
Induced mutants
Bomi, Risd 7 28 2.93 2.,27-3.81 3.30 2.70-4.,69 -0.37%% 0.76 .318#%
Bomi Risg 8 26 2,92 2,27-3.81 3.80 3.19-4.65 —0.88%% 0.34%%x 121
Bomi Ris¢ 9 28 2.93 2.27-3.81 3.32 2.54-4.65 -0,39%%x  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%%x  0,22%% 037
Carlsberg IL 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 2,69-3.26 -0.72% (.74 L 238%%
3.06 2.35-4.01 3.65 1.78~6.32 -0,50%* 0,32% ,026

Carlsberg IT Risg 86 36

* k% GSigpnificant at the 0.05 and 0.0l levels, respectively.
. Significant differences from a slope of 1.0 are starred.
+ Significant correlations of paired values are starred.

Ly
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Figure 2-4, Percent lysine in the ‘protein relationships. between
barley shrunken endosperm mutants and thelr respec-
tive normal isotypes.
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1.0. TFor these mutants the trait is best expressed in environments con-
ducive to low percent lysine in the protein of the normal isotypes. 1In
spite of the low by, value of Risg$ 1508- Bomi , the position of the
regression line is such that selection for high percent lysine in the
protein should be successful in any of the environments evaluated. This
conclusion camnot be made for some of the other mutants with byx values

different from 1.0, e.g., Risd 9.

Yield

Risd 7 and 9 and amol were not different in yield from their normal
isotypes (Table 2-5). This relationship should be stable over the range
of environments evaluated for amol (byx not different from 1.0 and high
r2). There are enviromments in which Risé 7 and 9 could be signifi-
cantly higher or lower in yield than Bomi (byx less than 1.0); but
little association was determined between Risd 9 and Bomli Indicated by
a non-significant correlation and by a low r? (Table 2-5 and Figure 2-5).

The remainder of the mutants were lower in yield than their re-
gpective normal isotypes. For some of the mutant-normal pairs this
relationship should be stable over the range of environments tested,
e.g., Risg 29, (byx not different from 1.0 and high r?), while for the
others, the mutant-normal absclute &ifference significantly diminished
in the lower yield environments for the normal isotype, e.g., Ris¢é 86

(byx less than 1.0). Because of the position of the regression line,



Table 2-5. Yield {quintals/ha) comparisons between barley shrunken endosperm
nmutants and their normal isotypes.

Normal Number of HNormal isotype (x)} Mutant isotype (y) Difference b+ 2*
cultivar Mutant comparisons mean range mean range x-y v r

Spontaneous mutants

Betzes segl 9 32.8 11.5-49.2 10.1 4.9-31.9 22, 7** 0,56% L677RE
Glacier amol 8 34.3 16,1-45.3 33.6 13.3-43.9 0.7 0.82 LBO1**
Hiproly Worm. Hiproly lysl & 21.9 10.8-35.8 14.9 8.6-27,2 7.0%% 0.75 .BBE**

Induced mutants

Bomi Ris¢ 7 8 38.7 10.2-53.3 35.0 10.5-49.3 3.7 0.78% .956%*
Bomi Risgé 8 8 38.7 10.2-53.3 28.5 6.7-47.5  10.2%% 0.69 .B23**
Bom{ Ris¢ 9 8 38.7 10,2~53.3 28.0 18.8-39.2 10.7 =0.24%% 137

Bomi Risé 13 8 38.7 10.2-53.3 28.5 7.3-50.2  10,2*% 0.73 L793%%
Bomi Ris¢ 1508 25 36.6 10.2-60.6 29.3 B.3=52.7 7. 3%% 0.80* . 780%*
Carlsberg TI Risé 29 16 34.8 10.1-56.8 30.6 7.9-53.6 &4, 2%% 0.91 .935%*
Carlsberg II Risg 56 9 33.2 15.7-56.8 26.6 7.2-42.8 6.6%% 0.83 L911R*
Carlsberg TI Rasd 86 16 34.8 10.1-56.8 26.6 6.0-43.8 §,2%% 0.81% .89 7%

* %% Sipnificant 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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it is probable the significant segl- Betzes yield difference would be
maintained in all environments in spite of its less than 1.0 byy value
{Table 2-5 and Figure 2-5).

An ultimate goal is té have avdilable an acceptable yielding high
lysine commercial feed variety for non-ruminant livestock, particularly
in the Northwestern U.5., where cqstly protein supplements must be |
shipped in. Risg 1508 is the best mutant source of grain lysine
(;6072, Table 2-3). ﬁased on the lysine requirement for swine (.65%
average, Natl. Res. Council, 1973) approximately 85% of the soybéan oil
meal (2.9% lysine, Church and Pond, 1974) could be saved in an average
‘swine ration using Risp 1508 over normal Bomi . However, based on”
current average market values (barley - $5./45 kg, soybean oil meal‘—
$7./23 kg), a grower would stand to lose approximately 6% economically,
considering the 20% yield reduction of Ris¢d 1508 comﬁéred to Bomi
(calculated from the data in Table 2-5). These. calculations are based
on means, but the results are not altered appreciably ovér the range of
environments evaluated. Based on these data Risd 1508 should be an
excellent source of high lysine material for the breeder.

A mean mutant-normal yield difference was not detected for amol
and Risp 7, and based on percent lysine in the grain expectatioms,
about 20% of the soybean oil meal in a swine rafion-could be gaved using
either of these mutants over their normal isotypes. This tfanslates

into about a 3% dolia; savings. At a predicted yleld level of
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lé quintals/ha (33.5 bu/a) for Risd 7 (byx = ,78%, Figure 2-5) and amol
(byx = .82), a 19% and 13% doliar savings, respectively, could be ex~
pected. This does not take into account the lysine digestibility of
these barleys compared with that of soybeén 01l meal, but for normal
barley it is less (Eggum, 1973). An 18 quintal/ha yleld level is not
unrealistic in Montana undér dryland conditions, and further testing of

'Glacier amol and Bomi Ris# 7 under these conditions is indicated.

Test Weight

Most mutants had a loﬁér test welight than thedr respéctive normal
isotypes, ‘but a varietf of environmental responses was observed
(Table .2-6 and Figure 2-6). In general, there is considerdble mutant
variability that cannot be explained on the basis of the mutaﬁt—nérmal

2 values.

assoclation, indicated by relatively low r

The response of segl relative to normal Betzes 1is the most
deviant (Figure 2-6) in comparison with the other mutant responses
(lérge negative byy). Glacier , amol and perhaps Ris$ 7 are not dif-
ferent in test weight over the range of environments considered. The
response of amol is considefably more stable than that of Risé 7.

The means of the remainder of the mutant-normal pairs differ
significantly. This difference should be maintained by those mutant-

normal pairs with a byx not different from 1.0. For those mutant-

normal pairs with a byy different from 1.0, the mutant-normal diﬁference



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

cultivar Mutant comparisons mearn range mean range K=y ny+‘ r2¢
Spontanegus mutants B
Betzes segl 8 63.2 59.2-67.7 42.4 30.3-55.7 20,9%* —2.,47%% 512%
Glaciler anol 8 57.6 58.3-60.6 56.6 50.9-60.6 1.0 ° 0,90 64T*
Hiproly Norm. Hiproly lvsl 8 1.4 67.7-77.5 66.1 58.2-71.6 5.3%% 0.78 .652

Induced mutants

Bomi Risg 7 7 63.0 59.2-65.1 62.3 60.0-65.9 0.7 0.38 .197
Bomi, Risg 8 7 63.0 59,2-65.1 53.7 48.2-58.0 9.3* 0.73 .196
Bomi Risd 9 7 63.0 59.2-65.1 56.4 49.9-61.0 6, 6%% 0.74 W170
Bomi Risg.13 7 63.0 59.2-65.1 56,0 52.5-57.7 7.0%%  _0.29% ,126
Bomi * Ris¢ 1508 254 63.2 53.8-67.6 56.4 48.9-63.1 6,8+ 0.33 .05
Carlsberg II Risg 29 15 62:1 50.8-67.1 57.3 48.5-62.4 4, Bk 0.61%  ,575%x%
Carlsberg IT Risd 56 8 62.4 60.0~65.1 56.7 53.0-62.4 5.7%%  -0.35 .036
Carlsberg IT Risd 86 - 15 62.1 50.8-67.1 54.2 49.0-60.4 7.9%% 0.40% NYE

f,** Significant at the 0.05 and 0.0l levels, respectively.
" Significant differences from a slope of 1.0 are starred..
¢ Significant correlations of paired values are starred.

k2]
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TEST WEIGHT (KG/HL} - NAMED ISOTYPE

TEST WEIGHT (KG/HL)- NORMAL ISOTYPE

Figure 2-6. Test weight relationships between barley
shrunken endosperm mutants and their respec-
tive nermal 1sotypes.
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diminishes in the lower kernel weight environments estahlished hy the
normal isotypes.
The lofty position of the Hiproly - Hiproly Normal regression

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

Percent Plump and Percent Thin

Similar results were obtained for these two characters (Tables 2~7
and 2-8). The oppositeness of the traits is reflected in the means
themselves, and the sameness of the environmental responses éf the mu-
tants relative to their normal isotypes had produced eséentially mirror
image regression lines or graphs of the two traits (Figures 2-7 and 2;8).

Risd.7 and amol were not different from Bomi and Glacier , re-
spectively in percent plump and percent thin, and both responded in a
relatively stable manner as their normal isotypes do, as indicated by
the fespective byx values being not different from 1.0 and relatively
high r? values.

The rest of the mutant-normal mean differences for each mﬁtant for
each character are significant, For those mutant-normal pairs with a
byx different from 1.0, the difference diminishes in low percent plump
and high percent thin environments. Selection for or against these
traits would be best accomplished under conditions that favor large seed
in the normal isotype. This is in agreement with the conclusion pre-
viously méde concerning kernel weight and the enviromments 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.

Nortmal Number of Normal isotype {x) Mutant isotype (y) Difference b + I
cultivar Mutant comparisons mean range " mean range X=y YX r2

Spontaneous mukants

Compana T sexl 9 81.7 67.1-94.8 25.8 7.5-63.6 55.9%% 0.49 .078
Compana segl 8 81.0 67.1-94.8 10.1  3.2-27.2 70.9%%  -0,32%* ]84
Compana segh 2 81.7 67.1-94.8 22.1  3.0-58.6 59.6%% 0.32 .032
Betzes segl 19 46.8 0.0-74.3 3.9 0.0-31.6 42 ,9%*% 0,10%* 113
Ingrid seg’ 8 75.1 40,0-93.1 22.3  4.2-44.0 52.8% 0.54 546k
Glacier seg5 7 84,0 70.1-94.3 72,5 50.2-83.7 11,5% 0.46 .137
Glacier amol 20 86,3 59.8-97.1 84.3 58.7-97.2 2.0 0.89  B535%%
Hiproly Novm. Hiprely lysl 26 73.7 15.8-95.3 17.7  1.0-47.3  55.0%* 0.25%% 141
Induced mutants

Bomi Risd. 7 9 60,5 30,4-91.7 52.7 16.4-86.7 7.8 0.94 .519%
Bomi Risg 8 9 60.5 30.4-91.7 16.2 2,1-29.3 44, 3%% 0.48*%% _650%*
Bomi Risg 9 9 60.5 30.4-91.7 32.6 5.5=-57.0 27.9%% 0.53 301
Bomi Risg 13 9 60,5 30,4~91.7 16,7 1.5-61.7 43.8%% 0.39 .188
Bomi Risé 1508 24 62,0 15.2-95.0 36.7 1.6-88.7  25.3*%% 1.08 L 766%%
Carlsberg II Risd 29 15 63.1 15.3-96.0 40.7 1.9-85.3  22.4%% ' 1.07 N R
Carleberg II Risé 56 2 55.0 15.3-89.7 26.6 .1.7-63.4  2B,4%% 0.66° .350
Carisberg II Ris¢é 86 15 63,1 15.3-96.0 33.0  1.3286.0 30.1%* 0.89 L653%*

% %% Sipnificant 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.

Kormal Number of Normal isotype (x) Mutant igotype (y) Difference b 3 2;

cultivar Mutant  comparisons mean range mean range X=y vX r
Spontanecus mutants
Compana sexl 9 7.4 2.6-15.4 37.5 11.2-80.r -30.1** 0.68 .022
Compana se 8 7.6 2.6-15.4 75.7 37.7-89.4  -68,1%% -1,57 .215
Compana segd 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 1.9-24.86 59.5 26.4-85,5 =50.2%% 1,69 .380
Glacier segh 7 5.9 2,8-11.8 10.5 5.2-16.0 -4, 7% 0.70 L214
Glacier amol 20 4.2 0.7-10.8 5.0 0.6-21.7 -0.8 1.09 L490%*
Hiproly Norm. Hiproly lysl 26 12,1 1.3-57.2 46.0 13.0-93.6 =33,9%%* 1.16 L4LekE
Induced mutants
Bomi Risg 7 9 16.4  3.3-39.5 22.0 4,1-54.5 =5.6 1.35 L772%%
Bomi Risd 8 9 16.4  3.3-39.5 55.9 21.5-88.2 -39, 5%%* 1.99 . 690H*
Bomi Ris¢ 9 9 16.4  3.3-39.5 32.2 15.8-61.4 =-15.8%% 1.22 .548%%
Bomi Ris¢ 13 9 16.4  3.3-39.5 59.4 13.6-94.2 ~43.0%% 1,72 L6406
Bomi. Risé 1508 20 18.4 1.6-49.8 35.4 2.7-76.7 ~17.0%% 1.3% L613%%
Carlsberg II Risg 29 12 17,8 1.2-58.4 33.3 1.7-70.0 «15.5% 1.14 L415%
Carisberg II Risgd 56 9 20.9 3.7-58.4 41.0 7.0-88.4 =~20.1% 0,81 .227
Carlsberg II Riad 86 12 17.8  1.2-58.4 42,1 1.7-88.9 -24.3%* 1.20 .376%

%,%*% Sipnificant 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.

8¢9
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Figure 2-7. Percent plump (on 2.4 x 19 mm sieve). relation—
ships 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 differences were not great (Table 2-9).
This 1is further emphgsized by the cluster of regression lines about the
unity line (Figure 2-9). However, the mutant-normal pairs ﬁifh signifi-
cant ‘mean plant ﬁeight differences are stable in this relagionship as
indicated by byy values not different from 1.0 and high r2 values. With
regard to those mutants not different in plﬁnt height from :their normal
isotypes, the- response of amol, Risd 8 and 29 was stable relative to
their normal isotypes, while -that of the other mutants (segl, Hiproly®
1lysl and Risd 86) was unstable in their response. There may bé environ-
ments in which a significant mutant-normal difference would bé qbtained.

Differences in plant height could indicate vigor responses associ-

ated with differences in the'relativg weight of the seed planted.

Heading Date

Several mutants,’on the avefage, head later than thelr respective
‘normal isotypes, and of these Risd 7 and 8 are relatively stable in their
response relative to their norqél isotypes (Table 2-10 aﬁd:Figure 2-10).
Because the byx of the Risé=§6 - Carlsberg II péir ié different from
1.0, there may be enviromments in which the difference in their heading
dates’ is non-signifdicant. This maﬁ be the case fsr Hiprély ‘lzgi also -

considering the byy and r2 values.



Table 2-9, Plant height (cm) comparisons between barley shrunken endosperm

mutants and thelr normal isotypes.

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

cultivar . Mutant comparisons medn range mean range r2
Spontaneous mutants
Betzes segl 9 79.5 50.0~116.8 78.2 54,1~108.7 .938%*
Glacier amgl 7 72.2 40.6~ 94,0 72,6  40,6-101.6 L973%%
Hiproly Norm. Hiproly lysl 7 74.7 40.6-101.6 72.2 43,2~ 96.5 L9922 %k
Induced mutants
Bomi Ris¢ 7 7 80.9 66.0- 91.4 77.3 66.0- 91.4 3.6% L878%*
Bomi Ris¢ 8 7 80.8 66.0- 91,4 82.0 66,0~ 94,0 -1,2 L Bhh Rk
Bomi Rigd 9 7 80.9 66.0- 91.4 76.9 61.0- 86.4 4.0% L878%*
Bomi Risé 13 7 80.9 68.2- 91.4 76.2 58.4- 88.9 4.,7%* L976%%
Bomi Rigé 1508 23 71.3 36.1- 99.1 68.8 38.1- 97.0 2.8%% L9557 %%
Carlsberg IT Risd 29 15 68.1 43.2- 91.4 68.6 43.1- 91.4 -0.5 J974%%
Carlsberg IT Risd 56 7 76.9 58.4- 94.0 70.0 55.9- 81.3 6,9%% .865%*
Carlsberg IT Risé 86 16 69.7 43.2- 94.0 70.5 48,3~ 91.4 -0.8 L9G2%*

* %% Significant at the 0.05 and 0.(C1 levels, respectively.
t Significant differences from a slope of 1.0 are starred.
¢ Significant correlations of paired values are starred.

9
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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 + *

cultivar Mutant comparisons mean range mean range X-y byx %
Spontancous mutants
Betzes segl 9 180,1 173.5-185.6 183.4 171.0-192.4 -1.8 L.,71%% 998 %%
Glacier amol 6 170.0 165.0-175.0 169.8 170.0-171.0 0.2 0.17%% 205
Hiproly Form, Hiproly lysl 6 175,53 175.0-179.0 178.5 175.0-182.2 -3.0% 0.38 .223
Induced mutants
Bomi Rigd 7 7 181.8 168.0-204,0 183.1 170.0-205.0 -1.3%%* 0.98 L997%*
Bomi. Risd 8 7 181.8 168.0-204.0 184.2 171,0-206.7 =2.4%% 0.96 .9BA**
Bomi Riag 9 7 181.8 168.0-204.0 183.8 171.0-207.0 -2.0 0.70 .510
Bomi Risd 13 7 181.9 168.0-204.0 182.7 170.0-205.0 -0.8 0.95 L992%*
Bomi Risd 1508 19 183.5 159,0-210,0 184,1 160,0-207.0 -0.6 0.94*%  _990%*
Carlsberg II' Risd 29 12 187.4 170.0-206.0 189.8 173.0-206.0 -2.4 0.84 .8B1%%
Carlsberg II Risé 56 7 181.4 170.0-203.0 188.4 179.0-205.7 -7.0%* 0.72 .852%%
Carlsberg II Risd 86 12 187.4 170.0-206.0 192.8 179.0-208.0 -5.4%* 0.73*  ,B64k*

* %% Significant at the 0.05 and the 0.0l levels, respectively,
! Significant differences from a slepe of 1.0 arc starred.
7 Significant correlations of paired values are starred.

7?9



65

Ll

o

>_

l_

O

@ .

a 200 -

Ll

s

<

z

<

2 180 -

o

L

L

l_

<

(]

&) .
Z L)

= 160{
< i

L e T T T
X 160 180 200

HEADING DATE (FROM 1/1)- NORMAL ISOTYPE

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

barley shrunken endosperm mutants and their respec-
tive normal isotypes. )



66
The méan difference in heading date is ;ot different for six of
the mutant-normal pairs, three of which (segl- Betzes ’,EEElT Glacier:
and Risd- 1508~ Bomi 9 could have significant differences in 'some en-
vironments (byx is different from 1,0). Risg 9, I3 and 29 should ﬁafe
the same relative heading date as their respective normal isotypes over

the range of enviromments tested (byx not different from 1.0)..

Percent Lodging

No significént mutant—nor@al differences in percent lodging were
dgteéted, but the magnitude of difference of several pairs was large
(Table 2-1155 The response of Risd 29 and 86 were éomparatively stable
relativg t6 “Carlsberg II , while Risd 1508 was unstable relative to

Bomi . Overall, few comparisons were made, So no graph was prepéfed

as few conclusions could be made.

Summary

Correlation and regression analysis was used to determine the en-
vironmental adaptation and stability of seventeen barley shrunken endo-
sperm mutants rglative to their normal isotypes for eleven chemical and
physical kernel and agronomic characters. This was én extension -of
mutant characterization~by‘paired mutant-normal mean comparisons. The
respective mutant and normal means and, therefore, the mean diffeéences
depend up;n the environments or groups of environments rebresenééd 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 (v) Difference N +
cultivar Mutant  comparisons mean range mean Tange X=y byx r

Spontaneocus muktants

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 Rigd 7 3 37.3 11.0-58.0 33.3 6.0-52.0 4,0 0.87 748
Bomi Risg 8 2 34.5 11.0-58.0 60.5 42.0~79.0 ~26.0 -0.79 1.000
Bomi Ris¢ 9 3 37.3 11.0-58.0 78,3 . 45.0-95,0 =41.0 ~0.25 042
Bomi Risg 13 2 34.5 11.0-58.0 55.0 39.0-76.0 =20.5 -0.89 1.000
Bomi Ris¢ 1508 g 54.2 11.0-80.0 52.0 3.0-80.0 2.2 0.16% .034
Carlsberg II Risd 29 7 56.1 11.0-80.0 51.6 10,0-80.0 4.5 0.96 .653%
Carlsberg II Risé 56 3 58.0 32.0-72.0 42,7 16.0-87,0 15.3 1.08 400
Carlsberg II Risd 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.
i Significant correlations of paired values are starred.

9
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of enviromments, environment by enviromment. Assuming comparable ranges
of environments and normal isotype responses, mutant—mutght comparisons
can be made with more precision also. ‘

The regression coefficient (byx) was,inéerpreted as a measure of
the adaptation of a mutant relétive to its normal isotypé for a given
trait. The stability of the responge was determined by considefing the
coefficientxof determination (r2) and regressiou coefficient. A stable
mutant is defined as one with a byy not differeat from 1.0 and a higﬁ
rZ, The responses 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 the
characters that descrige shrunken endosperm (kernel weight, peréent
plump and percent thih)'thaF this general trait is best expressed in
environments that favor large seed in the normal isotypes. Sélectign
for or against shrunken endosperm should be most pfoductiyé in these
environments, which are ﬁrobab1Y'characterized in Montana-by adequate
moisture during the growing season. Parallel mutant responsés were ob-
served for percent protein. ‘

With the mutants involved in this study selection could be made in
any enviromment for high lysine using percent lysine in the grain as
the criterion. If percent lysine in the protein is the critefion for
high lysine, selection with sqme_muﬁants‘could be made in anj environ-

ment shile with others, environments favorable 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
lwould be from a mutént with a maximum positive mutant-normal mean dif-
ference in percent lysine in thé protein and a stable environmental
response (b},x and r? of 1.0). None of the mutants fit all of these
criteria, but perhaps Risg 1508, Compana , sexl and segh come the
closest.,

Most of the mutants were lower In yleld and test weight than their
respective normal isotypes. The envirommental responses were variable.
The mean differences and environmental responses were variable for plant
height, heading date and percent lodging.

Ris¢ 1508 is perhaps the best source of lysine in the grain, but
considering its yield response compared to Bomi it is not economically
feasible to grow it commercially as a (swine) feed barley under current
market conditions. It may be feasible to grow the lower lysine, but
higher yielding Ris$ 7 and amol, particularly in lower ylelding (dry-

land) environments,



SECTION III: INHERITANCE OF THE ASSOCIATED
KERNEL CHARACTERS, HIGH LYSINE AND

SHRUNKEN ENDOSPERM, OF BARLEY

Introduction

Several inheritance studies were conducted with some of the mutants
considered heretofore. The overall objective of these genetic studies
was to provide a basic understanding of the genes involved, which would
allow a breeder of high lysine barléy to better manipulate the genes
for the production of improved-barley germplasm and/or varieties.

Specifically, the studies involved determination of 1) allelic
relationships, 2) chromosome location of genes, 3) mode of inheritance,

and 4) high lysine-shrunken endosperm relationships.

Materials and Methods

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

Bomi , Ris¢ mutants 13 and 1508 and Carlsberg II , Ris¢.29, andﬁ
86 express a shrunken endosperm xenia trait as well as high lysine in
our environments. These mutants and Compana sexl were intercrossed to
determine allelism among the mutants for the associated shrunken endo-

sperm xenia trait. The females for all crosses were genetic male
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_ steriles. Plump:shrunken clasgification of F2 seéd on the Fp plants~gas'
the major criterion for the sex allélism test.

As a secpnd approach, twelve F, seed from all but one cross (Risé
13 x Risé$ 1508) were analyzed for lysine by microbiological assay tech-
nique in which half kernels are.placed on agar plates which contain the

bacterium- Leuconostoc mesenteroides, which is lysine requiring; in a

lysine bioaésay~medium (Difco). The radius of visible bacterial growth

around the kernel is correlated with kernel lysine content.. (Sands,
Dull and Fslick, manuscript in preparation).
Study II: Chromosome Location of

High Lysine Genes or Genes- of
Agsgociated Traits ’

Bomi , Ris¢ mutants 8, 13, and 1508, Carlsberg II , Risé 29, 56
and 86 display a shrunken endosperm phenotype that expresses Xenia in
our environments. Glacier amol displays a high-amylﬁse (40%Z) trait
(Merritt, 1967), A high.lysihe trait is associated with a low kernel
Weight and the high amylose trait (Section I, Study I). The high amy-
-lose trait was followed in this study by an associated starch granﬁle
morphology trait as described by Walker and Merritt (1969). These
nutants were crossed with a series of -Betzes primary trisomics to
assign the various traits of these mutants to chromosomes as described

by Tsuchiya (1964).

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

sometimes difficult to differentiate in crossed ﬁrogeny for some mutants
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under some conditions. The degree of shriveling of the kernels varied
somewhaF with the environment. Where difficﬁlty was experienced, ob-
served (over all crosses), 3:1 and/or 1:2:1 ratios were tested by Chi-~
square analysis to try to sort out discrepencies.

Because- of particular classification difficulties, lysine'analyses
by micrbbiologicai assay (Waters, 1976) were done on the trisomic x
Risg 8 and 56 F9 progeny to supplement the plump:shrunken classification

data.

Study III: Protein and Lysine
.Maternal Inheritance Effects in

‘Hiproly'

To determine if there are maternal effects in the_inheritance of
protein and/of 1ysiné in Hiproly, reciprocal crosses. were pade between
Hiproly afd ghe "normal" barley variety Betzes. Twelve Fj seed fgom
. each cross were &creened for lysine content by the half kernel micro-
biological assay technique (Sands, Dull and Eslick, manuscript in pre-
paration). The E2 seed from four Fy plants from each c&oss were ana-
lyzed for protein by the macro Kjeldahl technique- (N x ‘6.25) and for-
lysine #y a modified microbiological assay (ﬁaters, 19763. Data were

analyéed by among and within analysis of wvariance.
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Study IV: TInhexitance and Associ-
ation of the Shrunken Endosperm
and High Lysine Trailts of Bomi ,
Risg 1508

Risg 1508 was crossed with 10 normal endosperm barley cultivars
(Compana, Carlsberg II, Betzes, 'Heines Hanmna', CI 4961, 'Hector',
'Steptow', 'Unitan', 'Piroline', and 'Erbet'). Inheritance was based
on the expression of the mutant phenotype in the Fp (seed on Fq plants)
and F3 (seed on Fp plants) generatioms.

Linkage studies involving knoum genes were used to assign the
shrunken endosperm trait of Ris¢ 1508 to a chromosome. Riséd 1508 - as
crossed with stocks carrying genetic male sterile (msg) genes, one
located near the centomere of each of the seven chromoscomes of barley
(Compana msglQ, Compana msg2, Carlsberg IT msg5, Betzes msgl4,

Betzes msgl, Compana msgl, Heines Hanna msgé and CI 4961 msgl9)

{Table 3-13). Ris¢ 1508 was also crossed with a Betzes derived stock
of the short éachilla hair gene (s). All recombination estimates and
standard errors were based on partial F3 data (F3 ratios for endosperm
type, Fy 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 F3 progeny (F3 seed from Fo plants) from

Ris¢ 1508 crosses with 9 of the 10 normal endosperm cultivars listed
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above, 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 progeny
were compared by unpaired t-test, and the Risg 1508 parent lysine con-
tent values (single obsexvations) were compared with the means of the
other parents and progenies by a modified t-test (Sokal and Rohlf, 1969).

Lysine contents are expressed as percent in the grain and percent
in the protein and were obtained by a modified microbiological assay
technique (Waters, 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 was grown in space-planted rows at

Bozeman, Montana and Mesa, Arizona.

Results and Discussion

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

Risé 86 and Compana sexl and Risé 86 and Risd 29 were the only
mutant sources found to be allelic, as no plump seed were found on Fj
plants (Table 3-1) or on F9 plants from these crosses. It is concluded
that the sex traits of Ris¢g 29 and 86 are allelic with sexla of

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

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

.- Ratio .
Cross | Plump Shrunken Total - tested x2 . P level
Ris¢ 13 x sexl 176 608 784 9:7 363 < .0l
1:1 238 < .01
3:5 75.8 < .01
1:3 2.721 .05-,10
Ris¢ 13 x Ris¢ 29 350 472 822 9:7 61.:9 < .01
1:1 .18.0 < .01
3:5 9.04 < .01
. 1:3 135 < .01
Ris¢ 13 x Risg 86 341 500 841 9:7 85.0 < .01
1:1 ° 30.0 < .01
3:5 3.327 .05-.10
Ris¢ 13 x Risd 1508 306 523 - 829 9:7 125.4 < .01
- 1:1 56.8 < .,01
) -3:5 0.122 .50-.75
Risé 86 x sexl 0 all - - - -
Risd 86 x Risd 29 - O all - - - -
Ris¢ 86 x Risé 1508 456 354 810 9:7 0.000 1.00
Risd 1508 x sexl 413 338 751 9:7 0.440 .50-.75
Ris¢ 1508 x Ris¢ 29 509 307 816 9:7 12,4 - < .01

1:1 - -50.0 < .01

inheritance and the assignment of the sex traits of Risd 29 and 86 to
chromosome 6. Jarvi and Eslick (1975) using translocation breakpoint
linkage information assigned Compana sexl to chromosome 6. It is pro-
posed that the sex traits of Risf 86 and 29 be designated sexld and
géglg, respectively, followiﬁg the barley gene symbollnomenclaguré‘

suggested by Eslick and Hockett (1976c).
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The independent non-allelic genes in crosses with one another
should segregate on Fq heads in a 9:7, plump:shrunken, seed ratio, while
linked non-allelic gene segregation should approach a 1:1 ratio, assum~
ing monofactorial recessive gené action for each mutant. Single reces-
sive gene action has been demonstrated for Compa£a sexl (Jarvi and
Eslick, 1975), Risé 1508 (Section III, Study IV), 29 and 86 (Section
III, Study II) and for Risg 13 (Doll, 1976). Furthermore, evidence was
provided for the location of the sex trait of Risé 13 on chromosome 6
and Risg 1508 on chromosome 7 (Section IIT, Study II and IV). A 9:7
or 1:1 Fo seed progeny ratio was not found for some of the crosses
(Table 3-1). TFor these crosses, in general, a deficiency of plump seed |
was observed. There are inconsistancies among érosses, particularly
those involving Risé 13. No definite conclusions can be drawn and more
investigation is needed, but perhaps endosperm dosage effects and/or
epistatic interactigns between genes is indicated, Minor or modifier
genes in the various genetic backgrounds represented may also be inyvolyed.

‘ Assuming that high lysine and shrunken endesperm-are associated
traits in the mutants under consideration {see Doll, 1976; Karlssonm,
1977; and Ullrich and Eslick, 1977 and Section III, Study IV), lysine
data in Table 3-2 generally support the sex allele test results. With
allelism, the Fj. should be equal to, but not less than one or both
parents. With non-allelism, the F; should be lower than one or both.

parents. Tn general, over the range of crosses-madé; the F;'s tended to
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Table 3-2, Microbiological assay lysine index+ data of Fy seed from
geX mutant crosses to determine allelisms.

C&oss, - Mean radii- of bacterial growth (wm)
P, xP, . ©TES F P, - P -F P,-Fy
Risé 13 x sexl 9.9 7.9 10.5  2.0%k  2,6%
Risé 13 x Risd 29 - 10.4 9.5 9.7 0.9+ . 0.2
Risé 13 x Risd 86 10.2 8.9 8.8 1.3%% 0.1
Risé 86 x sexl . 9.5 11.7 11.6 ~2,2%%  -0.1
Risé és x Risé 29 16.2 "9.8 9.2 0.4 . -0.6
Risé 86 x Risd 1508 11.6 10.2 10.3 1.4+ 0.1
Risé 1508 x sexi 11.2 9.1 11.2 2.1% 2.1%°
Risg 1508 x Risg 29 10.6 9.2 10.3 . T.4% 1.1

+, *, *% Significant at the 0.10, 0.05 and 0.0l levels, respectively,
as determined by paired t-test.
t From half kernel microbioclogical assay technique.

5 P] analyses were on seed from.the rows in which the female -
parents occurred, since the females were male sterile.

be higher .in iysine than expected. This, as with the plump:shrunken
encosperm ratios observed, may indicate epistatic relationships hetween
mutant-genes.

Additional information is needed to definitely estabiisﬁ the gene

action involved in some of these crosses.
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Study IT: 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 presented in Table 3-3. Additiomally, the occurrence of»homo—
zygous recessive Fgq rows from Fé trisomics from crosses with.trisomics
3, 4-and 7 eliminates chromosomes 3, 4 and 7 from éonsideration. Tri-
somic 5 cross datg are lacking, but Walker (1969) has indicated failure
to detect linkﬁée between amgl and marker genes on chromosomes 4, 5 and
7. Linkage data from a relatively small population for amol and V indi-
cated that the two traits were independent. Ramage and Esléck (19?5)
assigned the V locus approximately 24 recombination units from the
centromere and msg2 on the long arm of chromosome 2. Additional infof—
mation is needed to specifically locate amol on chromosome 2,

Table 3-3. F, segregation from Betzes trisomic x High Amylose Glacier
(amol) Crosses. : |

Trisomic

crossed F2 plant clggsiflcatlon (no.) ) P for fit
" with amol _ A aaa Total X to 3:1 ratio
1 21 4 25 1.080 «25-,50
2 57 8 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 1.847 .10-.25
* reject the 3:1 hypothesis.
Heterogeniety xz based on a 3:1 ratio = 8.215, p < .0l. Heterogeniety
¥“ minus the trisomic 2 cross xz = 2,631, p = .10~.25.
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Risd 1508 (sex3c)—-Considering the data of Table 3-4 in total, the

shrunken endosperm xenia trait of Risd 1508 would be‘assigned to chromo~
some 7. This conclusion is well supportéd by linkage data presented by
Karlsson (1977) and in Section III, Study IV. Scheuring and Ramage (1976)
assigned sex2b to an sex mutant on chromosome 7 that_is, in effegt, a
zygotic lethal mutant. It is proposed that the ggghtrait of Ris¢é 1508

be designated sex3c.

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

evidence is presented that Risé 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 Reis (1976) furthlier positioned it,qear the centro-
mere of chromosome 6. The trisomic analysis data of Table 3-5 and 3-6
indicate that the shrunken endosperm loci of both Risé 29 and 86 are on
chromosome 6. Additional support for this conclusion comes from the Fq
row data from Ty trisomic plants presented in Table 3-7. No homozygous
recessive (sex sex) Fy rows are expected from F) plants that are tri-
-somic for the chromosome on which the gene In question is located. The
specific gene action (segregation) of the shrunkén endosperm or high
lysine characters of Risg 29 and 86 has not béen reported. Since the
sex traits are allelic with Compana sexl, monofactorial recessive gene
action might be assumed. If the segregation of sﬁrunken en&bsPerm pre~
sented in Tables 3-5 and 3-6 (minus trisomic 6 cross data} are con-

sidered then single recessive .gene action is concluded for the sex



Table 3~4. Fo plant segregation from Betzes trisomic x Bomi, Ris¢ 1508 (sex3c) crosses.

Trisomic

crossed with Classification (no.) Ratio 2

Risé 1508 Sex— Sex Sex Sex sex sex sex Total tested ¥ P level
2 - 2 5 0 7 obgerved 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 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 - - 23 293 3:1 45,963 < .01

08




.Table 3-5. Fo plant segregation from Betzes trisomic x Carlsbexg II,
Risd 29 (sexle) crosses.

Triscomic

crogsed with classification (no.) Ratio 9
Risd 29 Sex~ Sex Sex Sex gex sgex sex Total tested ¥ P level
1 - 0 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 1:2:1 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 i71 1:2:1 18,532 <.01
134 - - 37 171 3:1 1,031 .25-.50
6 - 93 70 23 186 observed 30,625 <.01
- 93 70 23 136 1:2:1 64,064 <.01
163 - - 23 1586 3:1 15.835 <,01
7 - 30 48 29 107 abserved 1.635 .25-.50
- 30 48 29 107 1:2:1 1.149 .50-.75
78 - - 2% 107 3:1 1.955 .10-,25

Note: Heterogenlety x2 based on 1:2:1 ratio = 58,260, p < .Dl. Heterogeniety x? without trisomic
6 cress 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. Hecerogeniety X2 based on 3:1 ratio =, 16.685, p < .05. Hetar-
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
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Table 3-6. Fo plant segregation from Betzes trisomic x Carlsberg 1II,
Risd 86 (sexld) crosses. .

Trisomic 2 £

crossed X or

with Classification (mo.) 1:2:1

+ Sex Sex Sex sex sex sex Total ratio P level

Riséd 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 47 66 36 149 3.564 .10-.25
6 34 30 10 74 18.215 < .01
7 23 67 22 122 4.34 .10-.25

Note: Heterogenity x2 based on 1:2:1 ratio = 27.895, p < .01.
" Heterogenity x2 without trisomic 6 cross data = 14.436, p = .05
- .10. x“ on totals without trisomic © cross data based on
1:2:1 ratio = 1.152, p = .50-.,75.
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Table 3-7, F3 row segregation from Fy trisomic plants from Betzes
trisomic x Bomi and Carlsberg II Risd sex mutant crosses.
Trisomic Number of rows

crossed with
Ris¢ mutant

Risd 8
Ssex sex Total

Ris#é 13
sex sex Total

Risé 29
sex sex Total

3 - - 2 21 - -
4 - - 6 48 - -
5 0 22 4 33 2 30
6 2 20 0 32 0 29
Number of rows
Ris¢ 56 Risé 86 Risp 1508
sex sex Total sgex sex Total sex sex Total
3 0 21 4 24 0 33
4 - - 3 25 - -
5 0 31 3 22 1 18
6 0 8 0 13 1 16
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traits of. Risg 29 and 86. Considering all the data available, it is
proposed that the shrunken endosperm xenia trait of Risd 86 be desig-

nated sexld and that of Risé 29 sexle.

Risg 13 (sexhf)-- The trisomic analysis data of Ris$ 13, presented

‘in Table 3-8, indicate that the sex locus be assigned to chromospme 6.
This is supported By the F3 row segregations given in Table 3-7. 1In
Section III, Study 1 evidence is presented that the sex gene of Risg 13
is non-allelic with sexl (of chromosome 6) of 'Compana , Risd 29 and
Risd 86 as well as with sex3 of Risg 1508. Hence, it is proposed that

the shrunken endoéperm xenla character of Riséd 13 be designated sex4f.

.

Risgd 8 (sex5g)--The trisomic analysis data presented in Table 3-9

indicate that the sex locus of Riséd 8 is associated with chromosome 5.

The F3 row segregation data of Table 3] support this conclusion. SiQCE

Doll (1976) has established the. apparent absolute association betwéen
- shrunken endosperm and high peféent lysine in the protein for Risg 8,
the Iysine data in the histograms of Figures 3-1 and 3~2 also indicate
that chrom;some 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 the

location of any of the other sex mutants described to date, it is pro-

posadthat this gene be designated .sex5g.



Table 3-8. F5 plant segregation from Betzes trisomic x Bomi, Ris¢.13.(sex4f) crosses., ,

Trisomic Classification (no.) Ratio
crossed with 2
. Sex—  Sex Sex Sex sex sex sex Total tested X P level
Risé 13
2 - 33 42 14 89 observed 2.666 .25-.50
- 33 42 14 89 1:2:1 8.393 < .05
75 - - 14 89 3:1 4.079 < .05
3 - 41 79 45 165 observed  6.974 < .05
- 41 - 79 45 165 1:2:1 0.491 .75-.90
120 - - 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
141 - - 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 5.1c06 .05-.10
141 - - 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
76 - - 7 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
70 - - 3:1 0.633 .25-.50

19
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Table 3~9., F, plant segregation from Betzes trisomic x Bomi, Risd 8 (sex5g) crosses.

Trisomic . Classification (no.) Ratio
crossed with 2
. : Sex— Sex Sex Sex sex sex sex Total tested X P level
Ris¢ 8
2 - 45 52 18 115 observed 0.822 .50-.75
- 45 52 18 115 1:2:1 13.731 < .01
97 - - 18 115 3:1 5,360 < .05
3 - 36 452 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
- 33 44 8 B5 1:2:1 14,812 < .01
71 - - 8 85 3:1 11.016 < .01
5 - 44 25 2 71 observed 16.288 < .01
- 44 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 31.154 < ,05
50 - - 0.128 .50~.75

15
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Risp 56 (sex,h)-- The trisomic data available for Ris¢ 56 is sketchy
at best. The sex trait is difficult to read and the number of ﬁrdgeny
from most crosses is small, Some conclusions may be drawn, if one
assumes singie recessive gene action and a shrunken endosperm-high lysine
association. The best evidence from Table 3-10 indicates chromosome 4
is the location of the sex trait of Risd 56. Tﬁe lysine data presented
in Figures 3-3, 3-4 and 3-5 indicate chromosome 5 as the associated
chromosome while probably eliminating chromosomes 3 and 6. The data for
Risp 56 in Table 3~7 perhaps supports chromosome 5 as the gene location.
Additionél linkage investigatidn is certainly indicated with perhaps an
emphasis on work with chromésome_é and 5.

Additional linkage study is also indicated for .the other sex mutants
involved in tﬁis study particularly Risg#8 and 13.

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

breeding work.
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Table 3-10. F9 plant segregation from Betzes trisomic x Bomi, Ris¢ 56
(sex,h) crosses.

Trisomic
CFOSSGd Classification (no.) Ratio
with Sex— a Total tested 2 P level
Risé 56 sex asex ota este X eve
1 3 2 5 observed 1.937 «10=,25
- - - 3:1 0.600 «25-.50
2 25 5 30 observed 0.010 .90-.95
— - - 3:1 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
- - - 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

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

Hiproly

The half kernel lysine evaluation indicated that‘the ¥y seeé from
the Hiproly x Betzes cross were higher in lysine than the Betzes
x Hiproly F; seed (Table 3-11). Both percent protein and percent
lysine were highef‘in the F9 seed from the Hiproly x Betzes cross
than in the Betzes x Hip;oly Cross.

These results provide evidence for maternal effects in the inheri-
tance of protein and lysine in Hiproly. ZEndosperm dosage effects alomne
cannot account for the significant differences obtained in both the Fj
and F9 seed generations. indirect supportivé evidence for these conclu-
sions was presented by Peruanskii et al. (1976) in which they observed
that Hiproly x no&mal variety progeny were higher in protein content
than the progeny of reciprocal crosses.

According to 8. 0. S. Thomke {personal commﬁnication), Swedish
investigators have found that an earlier than normal constrictién of
the vascular bundles entering the kernels occurs in Hiproly . This
could explain the higher lysine content of Fy seed harvested from

Hiproly plants as contrasfed to those ¥, seed harvested from Betzes
plants, The difference in Fy seed from reciprocal crosses cannot be
explained on‘this basis. Cypoplasmic inheritance could explain the re-
sults of both types of progenies. The data suggests additional infor-

mation is needed for Hiproly and other high lysine mutants.
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Table 3-11. Mean protein and lysine data of Fq and F; seed from recipro-
cal crosses between 'Hiproly' and 'Betzes'.

Character Hiproly x Betzes Betzes # Hiproly Difference
F; lysine index, mm 6.2 5.1 1.1%

Fy protein, % 14.6 12.9 1.7#%

Fo lysine in grain, % : . 468 .380 .088%
¥o lysine in protein, % 3.21 2.95 0.26%

*Significant at the 0.05 level.

For the breeder, knowledge of maternal inheritance effects for a
given trait is critical, if maximum use of available genetic potential
is to be realized. If cytoplasmic effects exist in a mutant of interest,
then it should be used as the female parent in crosses with normal
varieties to derive full benefit from the genetic transfer of the trait
considered.

Study IV: Inheritance and Association

of the Shrunken Endosperm and High
Lysine Traits of Bomi, Risd 1508

Shrunken Endosperm Inheritance-—-The shrunken endosperm trait of

Risd 1508 is recessive as indicated by acceptable fits to 3:1, 1:2:1 and
combined ratics for most of the crosses (Table 3-12). Since it has

shown xenia in all first crosses it was proposed that the trait be

designated sex3c.



Table 3-12.

The expression of shrunken endosperm in Fy seed from Fj; plants
and of F2 plants from Bomi, Ris¢ 1508 crosses.

Normal varieties
used in crosses
, with Risd 1508

Ccmpana

Carlsberg IX

Betzes’

Heines Hinna*

Hector

Steptoe

Unitan

Piroline

CI 4961

Erbet

Material
analyzed
Fp seed
Fp plants
Combined

Fa seed
F2 plants
Combined

F2 seed
Fz plants
Combined

F2 seed
F2 plants
Combined

F2 seed
F, plants
Combined

F2 seed
Fz2 plants
Combined

Fg seed
Fo plants
Combined
?2 seed
F5 plants
Combined
Fs seed

Fo plants

XZ for 3:1,

P for fic to

R 1:2:1 or appropriate
Sex3— BSex3 Sek3 Sex3 sex3 sex3 sex3 rTural  combined ratlos ratio
613 - - 182 795 1.88 .10-.25
- 56 138 65 259 1.74 .25-.50
1054 3,62 .25-.50
523 - - 147 670 3.34 .05-.10
- 14 29 12 55 0.30 .75-.90
725 3.64 .25-.50
503 - - 137 640 4.41 <.,05
- 77 126 61 264 2,48 .25-.50
904 6.89 .05-.10
445 - - 103 548 11.25 <,01
- 17 20, 5 42 . 6.95 <,05
° 590 18.20 <.01
575 - - 101 676 36,48 <.01
- 37 83 25 142 5.03 .05-.10
B18 %1.51 <.01
401 - - 101 502 6.38 <.05
- 22 67 23 112 4.33 .10-.25
614 16.71 <,05
276 - - 104 380 1.14 .25-.50
- 27 7L 24 122 3.42 .10-.25
502 4.5 .10-.25
310 . - - 101 411 0.04 .75-.90
- 24 100 25 149 17.47 <,01
’ 560 17.51 <.01
404 - - 104 508 5.55 <,05
- 24 40 14 78 2.61 .25~.50
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Departure from 3:1 and 1:2:1 ratios may be noted in Tahle 3v12,xand
may be due to the presence of suppressor genes or modifiers for shruﬂken‘
endosperm or differential survival of male gametes or pollen grains
carrying the sex3 éllele, as no obvioug female sterility was .noted. In
all cases but one, rejection of the 3:1‘or 1:2:1 Hypotheseérwas due- to.

deficiency of shrunken seed.

Shrunken Endosperm Linkagenﬁlndépendence is indicated between sex3

and male sterile genes (msg) located on chromosomes 1 through 6 (Table
3-13). Nearly complete linkige is indicated between sex3 and msgl9 which
is locaged iﬁ chromosome 7 éc;ording to Eslick (1971) and Ullrich and
Eslick (1977). Neither the coupled sex3 msgl9 genotype from 105 Fg
progeny from shrunken seed nor the coupled Sex3 Msgl? genotype from

428 F4 progeny from Fo heterozygous plants were recovered.

Linkage was also indicated between the short rachilla hair gene,
(s), and sex3. Partial F3 linkage data show 2B.6 + 3.4 percent recombi~
nation‘of the two gene; (Table 3-14). Xarlsson (1977) has stated that
these two characters are independent.

Tﬁe short-haired rachilla gene, (s), is usualiy assigned to the
long arm of chromosome 7.(Haus,ll9§?). Karlsgon (1976) has indlcated
the high lysine gene, lysl, of Hiproly 3is probably 12 units distal to
E:in the same'arm. Eslick (1971) and Ullrich and Eslick (1977) coﬁw
sidered msgl9 to be in'the short arm near the cent¥omere of chromosome 7.

The restilts reported would indicate then, that the sex3 gene of Risg 1508



‘Table 3-13. Partial Fy linkage data for male sterile genes (msg) x Bomi, Risd 1508 shrunken
endosperm xenia mutant (sex3) crossas. .

Cross, locaéion ?artial F3 classification
meg x Risé 1508, of meg Mag -  _Msg - Msg - % Recombination
sax3 gene Sex3gexd Sex3dsex3 sex3sexd msg msg
Compana msgll 1 10 36 B 12 Independent
Campana msg2 2 B 30 11 20 Indzpendent
Carlsberg TI msgd 3 14 31 12 24 Independent
Betzes mgglh 4 14 27 13 17 Independent
Betzes msgl 5 18 30 9 24 Irdependent
Contpana mspgl 5 1z 20 10 15 Independent o
Heines Hanna msgh & 17 21 5 21 Independent
C1 4961 wsgld 7 0 33 iz - 19 0.0
CL 4961 wsply 7 - - 105 0 0.9 -
CI 4961 msgly 7 0 428 s — .0




99

Table 3-14. ‘Partial Fq linkage data for rachilla hair length (s) and
Bomi Ris¢ 1508 shrunken endosperm mutant (sex3), Fy
genotype S sex3/ s Sex3.

Genotype Frequency+_
85— Sex3 Sex3 31
8- Sex3 sex3 100
5--sex3 sex3 54
ss Sex3 Sex3 23
58 Sex3 sex3 23
ss -sex3 sex3 2
Total ’ 233

% Recombination and S.E. 28.6 % 3.4

TThe S-:8s ratio is 185:48 which fits a 3:1 ratio with X2 = 2.4048,

p = .217. The SexSeg:Sexsex:sexsex ratio is 54:123:56 which fit
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 does not conflict with
the findings of Muench et al. (1976) concerning the independence -of

Risg 1508's high lysine character and lysl on chromosome 7. Trisogic
analysis supports the location of §§§§:on chromosome 7, alsc (see

Section III, Study II).

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

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

2
for each endosperm -genctype, and this was confirmed by heterogeneity ¥
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Figure 3-7. Frequency distribution of percent lysine in protein
of Normal Variety x Ris¢ Mutant No. 1508, F3 Progeny.
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tests of the frequeney distributions of the plump and heterozygous
classes represented in both figures., Probability of the same frequency
was < .00l. Tt may be noted in Figure 3-6 that a heterozygous indi-
vidual is included in the shrunken endosperm distribution. TUpon analysis
of the progeny of this individual, no high lysine plump or heterozygous
individuals were found, indicating a lysine analysis error for the
heterozygous individual.

A close association between the high lysine character and the
shrunken ;néosperm character is evident in Figures 3-6 and 3-7 and
Table 3-15. The Ris¢ 1508 parent and F4 shrunken progeny were not dif-
ferent from each other in percent lysine in the barley or in the pro-
tein but both were higher than the other parents or progenies. The
heterozygous Fq progenies were intermediate in both characters. Plump
parents were not different for percent lysine in the barley (Table 3-15).

The heterozygous Fq pgogeny are hiéher in lysine than the plump
F3 progeny, .493 percent vs. .441 percent in the barley, respectively
(Table 3-15). If xenia is assumed and adjustment for percent lysine in
the barley made from the observed frequencies of plump and shrunken
kernels (calculated from the data in Table 3-12) .79 and .21, respec-
tively (e.g., .44l x .79 + .756 x .21 = ,507), the observed .493
approximates the calculated theoretical .507.

It follows that the normal lysine characteristie, in agreement

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



Table 3-15. Summary of F3 lysine data for variety x Boml, Ris¢ 1508 crosses and parents
represented in Figures 3-6 and 3-7.
Mean and confidence limits (p = .01)

No. of No. of Lysine in No. of

Protein observa- Lysine in observa- grain observa-
Seed analyzed (%) tions protein (%) ticns (%) _ tions
Ris¢$ 1508 parent 13.1 1 5.65 1 740 1
Fy shrunken 13.1+.4 41 5.76+.22 41 ,756+.018 62
F5 heterozygous 14.5+.3 124 3.41+.07 124 .493+.010 130
Fgq plump 14.2+4.4 66 3.13+.08 © 66 .441+.010 71
Normal parents 13.4+.9 15 3.11+.11 15 .418+.023 15

£0T-


http:3.11+.11
http:3.13+.08
http:3.41+.07
http:5.76+.22
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the high lysine character alsc expresses xenia in the same manner as the
shrunken éndosperm.character.

The twe most likely explaﬁations For the above results would be
that one trait is a pleiotropic effect of the other or .that they are two
closely linked genes, one for shrunken endosperm, the other high lysine.
My experience and that of others (Jenkins-et al., 1577 and karlsson,
1977) favors the former hypotheéié, since no plump high lysine progeny

have been found from Risd 1508 X normal variety crosses.

Summarz

The sex traits of Risg 29 and 86 were found to be allelic with
Compana- sexl.

With trisomie analysis évidence, the -shrunken endosperm xenia traits
of Risd 86 (sexld), 29 (sexle) and 13 (séx4f) were assigned to chromo-
some 6; Risd 8 (sex5g) to chromosome 5; and Risg 56 (sex,h) possibly to
chromosome 4 or 5> with more investigation required. The high éﬁylose
trait (amol) of Glacier was assigned to chromosome 2.

' Maternal inheritance éffects for seed protein and lysine contents
were indicated for the high protein, high lysine mutant, Hiproly .

The shrunken endosperm trait of Risd 1508 was found to express xenia
ané to be inherited as a single recessive gene. It was proposed the gemne
be designated sex3c. Marker gene linkage and trisomic analysis informa-

tion indicated the gene be assigned to chromosome 7. The high lysine
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trait was absolutely asscciated with the shrunken endosperm trait in
these studles, indicating a pleiotropic or closely linked gene rela-

tionship.



SUMMARY AND CONCLUSIONS FROM ALL STUDIES WITH

HIGH LYSINE MUTANTS OF BARLEY

By characterizing the spontaneou; shrunken endosperm and/or low"
kernel weight mutants of barley (EE&;.EEE 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 1it;r—
ature.

' Several Risd induced high lysine mutants were characterizeq as
being low in kernel weight and high in seed protein and lysine.content
over a range of Western U.S. eﬁvironments.

The spontaneous mutants were selected visually for shrunken éndo—
sperm and the induced mutants were selected chem;cally for high lysine.
Both typeé of mutagenesis and both methods of selectioﬁ produced a simi-
lar spectrum of mutants. A cause and effect relationship has yet to be
established for the high lysine—shrunkén endosperm phenomenon iﬂ barley.

A mathematical manipulation predicted the lysine levels of the
various mutants on the basis of normal kernel weights. It appears that
most of the mutants would maintain a high lysine grain content if a
normal kernel weight were achieved through breeding efforts.

‘As an extension of the mutant characterizations for kernel weight
and protein and lysine content, the effect of environment on the expres-
sion of these and eight other agronomic characters was'detergined. A

regression analysis approach was used, which provided for vigual as well



107
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 regression coefficient and stability by a combination
of the coefficient of determination and the regression coefficient.

It was concluded that the characters that describe shrunken endo-
sperm (kernel weight, percent plump and percent thin) are best expressed
in environments that favor large seed ;n the normal isotypes. This prb—
vides a basis for‘selection for or against shrunken endosperm.

Selection for high lysine using these mutant sources could be domne
in any environment with percent lysine in the grain as the criterion. If
percent lysine in the protein is the criterion, selection with some
mutants could be done in any enviromment, but for others, selection in
environments favorable for low percent lysine in the protein of the normal

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

come the closest to fitting a model of the "ideal" high lysine mutant de-
fined by adaptation and stability parameters for percent lysine in the
protein.

Most of the mutants were lower in yield and test weight than their
respective normal isotypes and environmental responses were variable.
The mean differences and environmental responses were variable for plant

height, heading date and percent lodging,
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Risg 1508 is probably the best mutant source of lysine in the grain
b&t considering its yield potential it is not economically feasible to
grow it commercially as a feed_barley under present market conditions,

It may be feasible to grow commercially Glacier gggl_and/or-Risé 7
particularly under lower yielding (dryland) conditions.

The shrunken endosperm traits of Risd 1508, 29 and 86 were: found
to be inherited as singie recessive genes that express xenia, and Ris¢ 29
and 86 were found to be allelic with Coﬁpana sexl. The absolute_associ—
ation between shrunken endosperm and high lysine %as established in
Risp 1508. The shrunken endosperm xenia expressing traits of these and
sevéral other Ris¢d mutants (8, 13 and 56) and amol were assigned to
‘chromosomes by trisomic analysis. Maternal inheritance effects for seed
protein and lysine contents were indicated for Hiproly lysl. Addition-
ally, inheritance, allelism and linkage information is indicated for some
of the genes involved to support some of the data obtained in tﬁese
studies.

These ggnetic studies and the characterization and adaptation in-
vestigations ha%e helped provide information for the basic understanding
of a group of high lysine mutants,; which will allow the breeder of hiéh
lysine barley to better manipulate the genes involve& for the production
. of improved barley germplasﬁ and/or cultivars,

The association betwzen high lysine and shrunken endosperm in

bdrley appears to be quite general. The nature of this association is



not well
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urderstood. Linked genes or pleiotropy may be postulated. TFor

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 assdciation, 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 shrumnken
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
but plump.

Nutrition studies with high lysine barley mutants have indicated

that the

exploitation of high lysine mutants is warranted.
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