MONTANA

STATE UNIVERSITY

Seed development in shrunken endosperm, high lysine mutants of barley (Hordeum vulgare L.)
by Christine Elizabeth Fastnaught

A thesis submitted in partial fulfillment of the requirements for the degree of Doctor of Philosophy in
Crop and Soil Science

Montana State University

© Copyright by Christine Elizabeth Fastnaught (1982)

Abstract:

'Betzes1 segl, 'Ingrid' seg6 and seg7, 'Compana' seg3 and sexla, 'Hiproly' lys1, 'Bomi' sex1f (Ris 13),
sex3c (RisO 1508), and Ris 8, and 'Carlsberg II' RisO 56, shrunken endosperm, high lysine mutants of
barley, were compared to their normal isotypes for moisture percentage, dry matter accumulation,
alpha-amylase activity, and total and reducing sugar at 3 or 6 day intervals during seed development.
All mutants had a lower mean kernel weight (averaged over 8§ to 10 sampling dates) than normal. This
occurred in the seg mutants (segl, seg3, segb, and seg7) because dry matter accumulation stopped 6 to
18 days earlier than normal, and in the sex mutants (all other mutants) because it proceeded at a slower
rate than normal. Differences were not detected between mutants and normals in alpha-amylase activity
because of a strong isotype x sampling date interaction, but a significant correlation was detected
between peak activity at six days after anthesis and kernel weight at harvest in the six normal
genotypes. Moisture percentage was lower than normal in seg3 and higher in sexla, sex1f, sex3c, and
RisO 8. Total sugar was lower than normal in all seg mutants, and higher in sex1a, sex1f, and sex3c.
The correlation between total sugar and moisture explains the plumpness of the sex mutants during
seed development. Reducing sugar was lower than normal in segl and seg3, and higher in sex1a and
sex1f. The decrease in sugars in the seg mutants was proportional to the kernel weight decrease. The
lower moisture, kernel weight, total and reducing sugars, and higher alpha-amylase activity of the seg
mutants compared to the sex mutants may be related to a nutrient translocation problem.

Correlations among sampling dates for total sugar of all genotypes indicated that the ranking of
genotypes for total sugar content was consistent from 12 days after anthesis to harvest. The
mutant-normal difference in total sugar at harvest was highly correlated to the mean mutant-normal
difference during seed development (r=,98*%*).

The above mutants and Carlsberg II sex1d (Ris0 86) were compared to their normal isotypes for total
sugar content of harvest ripe seed grown in 7 to 13 environments. The results confirmed the differences
observed during seed development. The allelic mutants, sex1a, sex1d, and sex1f, responded similarly
relative to their normal isotypes.
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ABSTRACT

'Betzes' segl, 'Ingrid' segb and seg7, 'Compana' seg3 and sexla,
'Hiproly' lysl, 'Bomi' sexlf (Risg 13), sex3c (Risg 1508), and Risg 8,
and 'Carlsberg II' Risd 56, shrunken endosperm, high lysine mutants of
barley, were compared to their normal isotypes for moisture percent-
age, dry matter accumulation, alpha—amylase activity, and total and
reducing sugar at 3 or 6 day intervals during seed development. All
mutants had a lower mean kernel weight (averaged over 8 to 10 sampling
dates) than normal. This occurred in the seg mutants (segl, seg3,
segb, and seg?) because. dry matter accumulation stopped 6 to 18 days
earlier than normal, and in the sex mutants (all other mqtants) be-
cause it proceeded at a slower rate than normal. Differences were not
detected between mutants and normals in alpha-amylase activity because
of a strong isotype x sampling date interaction, but a significant
correlation was detected between peak activity at six days after an-
thesis and kernel weight at harvest in the six normal genotypes.
Moisture percentage was lower than normal in seg3 and higher in sexla,
sexlf, sex3c, and Ris¢ 8. Total sugar was lower than normal in all
seg mutants, and higher in sexla, sexl1f, and sex3c. The correlation
between total sugar and moisture explains the plumpness of the sex
mutants during seed development. Reducing sugar was lower than normal
in segl and seg3, and higher in sexla and sexlf. The decrease in su-
gars in the seg mutants was proportional to the kernel weight de-.
crease. .The lower moisture, kernel weight, total and reducing sugars,
and higher alpha-amylase activity of the seg mutants compared to the
sex mutants may be related to a nutrient translocation problem.

Correlations among sampling dates for total sugar of all geno-
types indicated that the ranking of genotypes for total sugar content
was consistent from 12 days after anthesis to harvest. The mutant-
normal difference 'in total sugar at harvest was highly correlated to
the mean mutant-normal difference during seed development (r=,98%%),

The above mutants and Carlsberg IT sexld (Risd 86) were compared
to their normal isotypes for total sugar content of harvest ripe seed
grown in 7 to 13 environments. The results confirmed the differences
observed during seed development. The allelic mutants, sexla, sexld,
and sexl1f, responded similarly relative to their normal isotypes.




INTRODUCTION

The shrunken endosperm mutants of barley (Hordeum vulgare L.)

have been of interest for two main reasons. The first involves an
increase in the amino acid lysine, associated with the shrunken endo-

sperm charactef, which increases the nutritional quality of such
mutants., The quality of small grains is extremely important to the
humans and livestock which rely almost solely upon them.for food and
feed. The increased lysine of the shrunken endosperm mut;nts is ﬁse—
ful only if the lysine content of the mutants can be transferred to
high yigldihg cultivars. Breeding programs around the world have
approached this'problem by attempting to break the association between
the shrunken endosperm and the high lysine, i.e., increasing the
plumpness of the mutant seed while maintaining the high lysine content.
To date, complete success has not been reported.

A second reason for the interest in shrunken endosperm mutants
is their potential usefulness in understanding the biochemical and
developmental pathways of seed development. The actual mutant gene(s)
function which results in a shrunken seed and high lysine content is
unclear. Since a shrunken seed should contain less starch, an examin-
ation of starch precursors or degradation products along with the
enzymes involved in such processes, may help explain the relationship

between shrunken endosperm, high lysine, and the actual gene(s)

function. A better understanding of these relationships should prove




' 2
useful to the breeder attempting to produce high yielding, high lysine
cultivars.
The objective of this research was to compare starch associated
characters (dry matter accumulation, alpha-amylase activity, total and
reducing sugars) in shrunken endosperm, high lysine mutants and their

normal isotypes during seed development.




LITERATURE REVIEW

Description of Mutants

Selection of shrunken endosperm, high lysine mutants has been
based on both visual selection of the sh?un#en endosperm character and
biochemical selection of the high lysine character. The mutants segl,
seg3, sexla. (Jarvi and Eslick, 1975), seg6, and seg7 (Ramage and
Eslick, 1975), were selected on the basis of the shrunken endosperm
charactef{ These ﬁutants were 1afer classified as being high’lysine
(Eslick and Hockett, 1976b and Ullrich and Eslick, 1978c). The mu-
tants 'Hiproly' (Munék et al., 1970), and Ris¢g 8, 13, 56, 86, and 1508
"(Doll et al., 1974),)we%e selected on the basis of biochemical analy-
sis for lysine, but all of them had an associated shrunken seed or
reduced seed weight.

The shrunken endosperm and high lysine phenotype of all the
mutants, except Risd 8, are inherited in a monofactotial, recessive
manner (see Table lvfor authority on specific genes). The phenotype
of Ris¢ 8 is controlled by a domiﬁant or semi-dominant gene (Jensen,
1979a). The shrunken endosperm (or reduced seed weight) and high
lysine phenotype have not been separated in any of the mutants,
indicating that either the two traits are controlled by the same gene
and are pleiotropic (Orém et al., 1975; Ullrich and Eslick, 1978a;
Jensen, 1979a; Nelson, 1979; and Olsen, 1980) or they are controlled

by two tightly linked genes (Hagberg et al., 1970 and Eslick and




Table 1. Genetic and phenotypic classification of 11 shrunken endosperm, ﬂigh lysine mutants of barley.

Type of
Normal Mutant Seed Chromosome
Cultivar Name Mutation Expression Phenotype Location Authority

Betzes segl : spontaneous non-xenia . thin 1 6, 8

Compana seg3 " spontaneous non-xenia thin 3 6, 9

Ingrid . segb spontaneous non-xenia thin - 7, 11

Ingrid seg? spontaneous non-xenia thin - 7, 11

- Hiproly Normal Hiproly spontaneous xenia dorsal 1 1, 2
. ‘ ' depression
Compana . sexla spontaneous xenia dorsal 6 6, 10
: _ _ ) depression

Bomi Risgd 8 induced by ethyl xenia dorsal 5 "5, 14, 15,
methane sulfonate ) depression 19

Bomi Ris¢ 13 induced by ethyl xenia dorsal 6 5, 14, 15,
methane sulfonate depression 18

Carlsberg II Ris¢ 56 induced by gamma- xenia dorsal 5 5, 14, 17
rays depression .

Carlsberg II . Ris¢ 86 induced by ethyl " xenia dorsal 6 5, 14, 15

) methane sulfonate depression

Bomi ' Risgd 1508 - induced by xenia dorsal 7 3, 4, 12,
ethyleneimine . depression 13, 16

Authority _ i

1. Munck et al., 1970 8. Eslick, 1976a : 14, Ullrich and Eslick, 1978b

2. Karlsson, 1972 9. Eslick, 1976b ) 15. Jensen, 1979a

3. Doll, 1973 10. Eslick and Hockett, 1976a 16. Jensen, 1979b

4. Ingversen et al., 1973 11. Ramage and Scheuring, 1976 17. Doll, 1980

5. Doll et al., 1974 12. Karlsson, 1977 18. Fastnaught et al., 1981

6. Jarvi and Eslick, 1975 13. Ullrich and Eslick, 1978a 19. Jensen, 1981

7. Ramage and Eslick, 1975
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Hockett, 1976b). The chromoséme loéation of some of the mutant genes
is found in Table 1. 'Compana', sexla, 'Bomi', Ris¢ 13,}and 'Carls-
berg I1', Ris¢ 86 are reported to, be allelic (Jensen, 1979a and-
Fastnaught et al., 19815.
These mutants can be classified-accgrding to whether'the.inheri—
tance of shrunken endosperm and high lysine exhibits xenia (Table 1).

Those mutants which do not exhibit xenia (i.e., the F2 segregates in a
normal 3:1 ratio) have been classified as shrunken endosperm genetic

(seg) mutants and those which do exhibit xenia (i.e.; the F, segre-

2
gates in a 1:2:1 ratio, with plump and shrunken seed produced on the
same spike from the heterozygous Sex sex plant) have been classified
as shrunken endosperm xénia (sex) mutants. The terms, seg and sex,

have been used as gene symbols for those mutants visually selected for
shrunken endosperﬁ (Eslick and Hockett, 1976c).

To date, the general term, lys, has been used as a gene symbol
for most of the mutants selected on the basis of high lysine (Jensen
and Doll, 1979), regardless of whether or not they exhibited xenia.
Based on the gene symbols suggested by Eslick and Hockett (19f6c), the
terms lyg and lyx would be used to symbolize the high lysine genes.

Confusion has arfsen in recent years concerniné the gene symbols
for the shrunken endosperm, high lysine mutants. Some of the mutants
have been assigned two symbols, seg or sex, and lys. One reason for
doing so would be the assumption that the two characters are con-
trolled by separate genes (Eslick and Hocketg, 1976b). A second
reason would be the point of view of the researcher. When selecting a

mutant on’ the basis of a certain phenotype, a researcher would be
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inclined to give th;t mutant a gene symbol related to that phenotype,
regardless of other associated mutant characteristics (Ullrich and
Eslick, 1978b and Jensen and Doll, 1979). Munck (1972b) suggested
that the lys symbol should be.revised once the basic gene action is
understood. Jensen.andlDoll (1979) felt that was impractical. How-
ever, one of these mutants, Ris¢ 56, was not éssigped a gene symbol
until recently when it was discovered that it caused a reduction in
hordein-2" and was located at or near the pfeviously described Hor
locus. Thus, Ris¢ 56 was aésigned a completely different gene symbol,
Hor2ca (Déll, 1980); The normal or dominant allele of this gene'is
found ‘in Carlsberg II and designated Hor2Ca. A summary of thé gene

symbols assigned to segl, seg3, segbh, seg’7, sexla, Hiproly, and Ris¢

8, 13, 56, 86, and 1508 are in Table 2. The éymbols used in this
ﬁanuscript are starred. .
Mutant-normal comparisons of kernel weight, and.protein and
;ysine content, were reported by Ullrich and Eslick (1978c and 1978e)
over a range of Montana and Arizona environments. Thef‘indicated that
all 11 mutants used in.this study had significanﬁly lower kernel
weights‘(Tablé 3), significantly higher prétein‘percentage (Table 3),
significantly higher'iisine in the grain percentage (Table 4), and
sighificantly higher lysine in the protein percenﬁége (Table &) than
their normal isotypes. Ullrich and Eslick (1978¢ and 1978&) postu-
lated that a starch dilution effect could result in-the higher‘pfotein
~and lysine contents of the smaller mutant séed. They tested this by
adjusting the mutant kernel weight to the normal kernel weight and

calculating adjusted percentages for protein and lysine in ‘the grain




Table 2. Summary of gene symbols assigned to 11 of the shrunken endosperm, high lysine mutants

of barley.

Symbol-

Mutant Name

Proposed By segl¥

seg3*

segb* seg7*¥ Hiproly sexl

Ris¢d 8*% Risd

13 Risg

56*% Ris¢

1508

Munck, 1972a - -

Eslick,
1976a
1976b -

Eslick and
Hockett, )
1976a - -
1976b

Ramage and
Scheuring,
1976 - -

Ulirich and
~ Eslick,
1978a - -
1978b - -
19784 - -

Doll,
1979 - -

' Doll, 1980 = -

Jensen and

et
1981 - -

Fastnaught
al.,

lysl* -

»
o
0
()]
aQ
[0
o
0Q
~J
oy
i
|

sexla*

lys5e

sex5g

sex4f -

Lysad

IYSSE - .

Hor2ca

- sex1f* -

sexlid* -

1ys5h

*Mutant name or gene symbol

used

in this manuscript.




Table 3. Kernel weight and protein comparisons of 11 shrunken endosperm, high lysine mutants of barley
and their normal isotypes. (Adapted, with permission, from Ullrich, 1978).

Mean Kernel Weight (mg) -

Mean Protein (%)

Mutant

13.8

Mutant  Normal " Normal

"Normal Mutant No. of Isotype Isotype _ = No. of Isotype Isotype B
Cultivar Name Comparisons (x) " (y) X -y Comparisons (x) (y) X -y
Betzes -  segl 17 18.8 343  _15.5%% 18 15.9  14.6  1.3%*
Compana seg3 g 26.2 46.9 ;20.7** 12 16.6 144 2.2%%
Ingrid | segb 3 15.1 39.9  -24.8%% 7 C 14,5 12,6 1.9%%
- Ingrid _‘ - segl 8 26.8  36.7 -9.9%% 11 15.0 12.8 2,2%%
Hiéroly Normal' Hiproly 26 38.4 49.2 —10.8%* 26 18.4 17.2 1.2%%
GCompana . _ sexl 8 38.6 47.6  -9.0%¥ 14 17.9  14.4  3,5%x%
Bomi Risé 8 26 32.6 45.0  —12.4%% - 26 14,4 13,2 1,2%%
Bomi _ Ris¢'13_ 27. 35.6 45.0  -9.4wk 28 15.0 13,2 1.8%*
Carlsberg II. Risg 56 25 35,9 39.7  ~3.8%% 28 14.7 12,9 1.8%*
Carlsberg II -  Risé 86 33 34,0 39.2  -5.2%x 36 14,7 12.8  1.9%x
Bomi  Ris4 1508 44 : 34,3 43.4 918k 47 13.2 0.g%x

aleote
P WA

Significant at the 0.01 level based on a paired t-test.




Table 4. Microbiological assay lysine comparisons of 11 shrunken endosperm, high lysine mutants of

barley and their normal isotypes. (Adapted, with permission, from Ullrich, 1978).

Mean Lysine in Grain (%)

Mutant Normal

Mean Lysine in Protein (%)

Mutant

Normal

. Normal Mutant No. of Isotype Isotype _ _ Isotype Isotype B _

Cultivar Name " Comparisons (x) (y) X -y (x) (y) X -y
Betzes - segl 18 0.518  0.436 0.082%* 3.25 3.05 - 0.20%*
Compana seg3 12 0.534 0.391 0.143%* 3.40 2.76 0.64%%
Ingrid segb 7 0.514  0.387 0.127%% 3.55 3.09 0.46%
Ingrid seg? 11 0.488 0.407 0.081%% 3.25 3.20 0.05
Hiproly Normal Hiproly 26 0.581 0.448 0.133%* 3.15 2.61 0.54%*
Compana . sex1 14 0.598 0.379 0.219%* 3.37 2.66 0.71%%*
Bomi Risé 8 26 0.548  0.386 0.162%% 3.80 2,92 0.88%x
Bomi Ri;¢ 13 28 0.544 0.384 0.,160%* " 3.68 2.93 0.75%*
Carlsberg II Ris¢g 56 : 28" . 0.538 ‘0.379 0.159%% 3.69 2.97 0.72%%
Carlsberg II kis¢ 86 36 0.514 0.390 0.124%* - 3.56 3.06 0.50%*
Bomi Ri§¢ 1508 47 0.607 0.386 0.221%% 4,39 2.95 1.44%%

sl

*, **Significant at the 0.05 and 0.01 levels, respectively, based on

a paired t-test.
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using the following formula:

adjusted mutant % _ observed mutant % (protein or lysine)’
(protein or lysine) = normal kernel weight/mutant kernel weight

They suggested that when adjusted mutant-normal differences in protein
percentage were nonsignificant (Table 5), starch deposition in the
mutant may be restricted more than pr;tein dépositibh. When the
adjusted protein percentage of the mutant was significantly lower than
the normal, protein as well as starch deposition may have been
affected in the mutants They observed that after the adjusFment, seg
mutants had a significantly lower 1y§ine in the grain perceﬁtage than

. : {
their normal isotypes, and sex mutants were either the same or signi-

ficantly higher than their normal isotypes (Table 5).

Protein in Shrunken Endosperm, High Lysine Mutants

v
1
i

Greater than 50% of the protein found in normal barley,seed is
storage material having a high content of gluéémine and pro?ine which
are easily mobilized and utilizeq during germination (Caﬁeron—Mills et
al., 1980). This storage protein, prolamin, is 1ow in 1ysihe‘and
other amino acids essential for human and animal nutrition.é Prolamin,
or hordein as it is called in barley, is synthesized in the:developing
barley seed between two and five weeks after anthesis (Shewry et al.,
1979) following a pattern similar to dry weight production.! It is
deposited primérily'in protein bodies in the énaosperm and ;an be
separated into four components, A, B, G, and D hordein (She%ry et al.,

1982). The composition of the two main components, C and B hordein

(also called hordein-1 and hordein-2, respectively), is determined by




Theoretical comparisons of 11 shrunken endosperm, high lysine mutants adjusted to normal

rable o kernel weights and their normal isotypes for Kjeldahl protein and microbiological assay of
lysine in the grain. (Adapted, with permission, from Ullrich, 1978).
Mean Protein (%) Mean Lyéine in Grain (%)
Adjusted  Observed Adjusted Observed.
Mutant Normal Mutant Normal
Normal Mutant No. of Isotype Isotype _ _ Isotype Isotype _ _
Cultivar Name Comparisons (x) (y) X -y (x) (y) X -y
Betzes segl 16 8.6 16.5 -5.9%% 0.281 0.435  -0.154%%
Compana seg3 8 9.5 13.9 =4 LF* 0.328 0.415 -0.087*x*
Ingrid segb 3 5.1 12.3 ~7.2%% 0.184 0.396  -0.212%x
Ingrid seg? 8 9.8 12.5 —2.7%% 0.310 0.401  -0.091%
Hiproly Normal Hiproly 26 14.4 17.2 -2.8*% 0.456 0.448 0.008
Compana sexl 9 14.6 14.1 0.5 0.568 0.412 0.156%%
Bomi Risg 8 25 10.3. 13.1 2.8 0.388 0.386  0.002
Bomi Riso 13 27 11.8 13.1 ~1.3%* 0.433 0.385 0.048%*
Carlsberg II Risg 56 25 13.3 13.0 0.3 0.494 0.386 0.108%*
Calrlsberg 1 Risg 86 33 12.9 12.8 0.1 0.456 0.397  0.059%*
Bomi | Ris¢ 1508 44 11.0 13.3 ~2.3%*% 0.48; 0.386 0.095%*

. *, **Gignificant at the 0.05 and 0.01 levels, respectively, based on a paired t-test..

1T
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codominant alleles at each of two linked loci, Horl and Hor2, respec-—
tively, on chromosome 5.0f barley (Oram et al., 1975 and Shewry et
al., 1978).

Hiproly and the Risg mutants have been studied extensively to
understand the mechanisms resulting ih.high lysine content in'barléy
seed. These mutants have reduced amounts of hordein (Kgie and Doll,
1979 and Munck, 1972b) compared to their normal isotypes, although in
Hiproly-the decrease is slight. The Ris¢ mutants also have more free
amino acids.

Specifically, Bis¢'56 has a drastically reduced content of hor-
dein-2. (Kdie and Doll, 1979) and Risd 1508 has a drastic;lly reduced
content of both hordein=-1 and hordein-2 (Shewry et al., '1979). Since
the gene controlling Ris¢ 56 is located on chromosome 5, Doll (1980)
‘suggested that the mutation is at or ver§ néar the Hor2 locus. This
has not bee shown genetically. Thé mutant gene in Ris¢ 1508, sex3,
is located on chromosome 7, thus, iF has no apparent connection to the
knowri hordein genes. Shewry et al. (1980) suggested.it.should be
loosely termed regulatory, and that the effect on hordein is probably
secondary. N

More important than the slight decrease in hordein observed in
Hiproly is the 50% increase in the '"metabolic" fractioﬂ {albumins and
globulins) of protein (Munck, 1972a). Increased amoUnts of.four
lysine-rich proteins have been identified which account for over 50%
of the increased lysine conggnt.of Hiproly fHejgagrd and Boisen, 1980);
These four albumin proteins, beta-amylase, broteiﬁ Z; and two chymo-

trypsin inhibitors, are unique in that they respond to nitrogen
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fertilization just as the hordeins do. 1In general, barley seed pfo—
tein increases with increased levels of nitrogen fertilization and
‘most of this increase is reported to be in the hprdeiﬁ fraction of
séed protein (Andersen and Kgie, 1975). Thié increase in the lysine-
poor hordein.fraction results in a decrease in'the lysiné/protein
ratio in the seed and a negative correlation bétween the lysine/
protein percentage and the protein percentage; Normally.the albumin
fraction of protein would change very little with increasing nitfogen
fertilization, but Hejgaard and Boisen (1980) report that in ﬁiproly
a stable lysine/proteiﬂ ratio is observed as a result of incréaseg ip
the four albumin préteins named above. They suggest that brgeding for
increased content of lysine-rich proteins might be an approach less

likely to affect starch production, and subsequently, yield.

]

Relationship Between Protein and Starch Synthesis

Bhatia and Rabson (1976) calculated that the change in protein‘~
composition caused by the high lysine genes could at most result in a
decrease in grain weight of 2.5%. Thus,'any reduction larger than
2.5% would have to be attributed to changes in other grain cémponents
(Hagberg et al., 1979). The mutants being used in this research have

reductions in grain weight ranging from 9% to 62% (Table 3). Kgie and

Doll (1979) reported reducedllevels of starch and increased levels of
soluble sugars in ripe seed of the Risgd mutants and Hiproly.
Shrunken eqdoéperm, high lysine mutants of maize also have

decreased starch content and increased soluble sugars (Nelson and

Burr, 1973). Decreased amounts of all starch synthesizing énzymes has
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been reported for the opague-2 mutant of maize (Mehta et al., 1979)
which Nelson (1979) suggested is similar to Risg 1508 in'barley.
" Chourney and Nelson (1978) identified the sh sh mutant as a mutant of
the structural gene for sucrose synthetase in maize endosperm. While
there is still no evidence indicating that all changes observed in
shrunken endosperm, high iysine mutants are pleiotpopic effects of a
sihgle gene, if this were the situation, a mechanism would have: to be
found linkiﬁg proteih and starch synthesis.

Two hypotheses have been presénted which are based on studies of
starch and prdtein synthesis in maize. Mehta et al. (1979) suggest
that a reduced rate .of protein synthesis in opaque-2 results in
reduced amounts of the starch synthesizing enzymes, thus,.reduced
starch synthesis. Thisvhypothesis implies that the primary lesion in -
the opaque-2 mutant affects protein synthesis rather than starch syn-
thesis.
| The second hypothesis is more general in thét it does not apply
to a specific mutant, and it assumes that the primary lesion affects
a starch related enzyme. Burr (1979) reported that zein (prolamip in
maize) synthesis occurs on the outside of the protein body, and
subsequently, the polypeptide is secreted through the membrane for
storage. During thg secretion process, two post-translational modi-
fications occur 1) removal of a signal peptide, and 2) addition of
one molecule of glucose from ADP-glucose. He suggested that if there
were reduced levels of ADP-glucose, and assuming that glycosylation is
a requirement for pécking of the zein molecule into the protein body,

then zein chains would accumulate on the outside of the protein body
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and protein synthesis would stop. Cameron-Mills et al. (1980) report
that the processes involved in hordein éynthesis are similar to those

reported for zein synthesis.

Hormonal Changes. in Shrunken Endosperm, High Lysine Mutants

Recently researchers have speculafed on the possible role of
phytohormones in reducing seed size in high lysine barley mutants
(Hagberg et al., 1979 and Mounla et al., 1980). Positive correlations
have been reported between grain size or rate of grain growth and
cytokinin content (Michael and Seiler-kelbitsch, 1972) and giberellin-
like activity in the seed (Mounla, 1978). Thus, the genes which
result in high lysine see may exert some effect on the hormone-based
growth-regulating system of the seed (Hagberg et al., 1979).

Hiproly and Ris¢‘1508 have been compared to their normél isotypeé
for differences in abscissic acid, gibberellin, and auxin content in
the developing seed. Abscissic acid céntent was reported to be simi~
lar in normal ana high lysine genotypes (Hagberg et al., 1979).
Gibberellin-like activity was reported tb be 2 to 4 times greatér at
its peak (18 to 22 days after anthesis) in the high lysine genotypes
compared to the normal genotypes (Hagberg et al., 1979 ana Mounla et
al., 1980). This puzzled researchers since previously they had
reported a positive correlation between rate of grain growth and gib-
berellin—likg activity in normal barley. Indole-type auxin content
was reported to be different in the two mutants (Mounla et al., 1980).
Since other differences between Risg 1508 -and Hiproly have been

mentioned previously (e.g., protein composition), this should not be
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considered unusual. Auxin content was similar in Hiproly and its
normal isotype except the normal maintained peak activity for nine
days longer than Hiproly. Ris¢ 1508 had a very low level of auxin.
content throughout seed development compared to Bomi which had a peak
content 10 times greater than Risd 1508. Although ;hese studies do
not provide conclusive evidence of hormonal changes resulting in
shrunken éndosperm, high lysine seed, they do provide evidence of
additional differences between the mutants and normals. Regardless of
how these mﬁltitudes of differences are explaihed, i.e., many linked
genes or pleiotropy, any theory must account for all of them. It is
probable that there are changes in these mutants which have not yet

been discovered.

Shrunken Endosperm and Alpha-Amylase

Shrivelled, low density seed has been one of the problems in the
development‘of triticale as a crop (Klassen et al., 1971). Since
triticale has very little post-harvest dormancy, Muntzing (1963)
postulated.thaﬁ shrinkage and partial collapse of the endo;perm might
resu1£ from rapid conQe;sion of sgarch to sugar pfidr to the onset of
precocious gefmination. Significant negative correlations have been
repartéd between alpha-amylase activity in mature triticale seed and
seed density (Klassen et al., 1971 and Srivastavq, 19785. Dedio et
al. (1975) reported that shrivelled triticale lines had more alpha-
amylase in the pericarp for a longer period of seed development and
that as levels decl%ned in the pericarp, they increased in the aleu-

rone and endosperm. Thomas et al. (1980) have disagreed that alpha-

|
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amylase is the major determinéﬁt of sh?ivelling in triticale seed,
although it is certainly responsible for the high ievels of reducing
sugars and lack of dormancy observed in the seed at méturity. They
suggested that shrivelling probably originates from mitotic division
errors in the early development of the endospermland is aggravated by
other factors including the premature appearance of alpha-amylase.

Alpha-amylase activity in developing barley seed is well docu-
mented (MacGregor et al., 1971; ﬁacGregor et al., 1972; Allison et
al., 1974; and Riggs and Gothard, 1976). The‘primary isozyme of
alpha-amylase féund in developing seed is called gfeen alpha-amylase
or alpha-amylase I (MacGregor et al., 1972). It is easily distin-
guished from alpha—amyiase IT and III which are produced upon germina-
tion. Alpha-amylase I is mainly found~in the pericarp and is probably
present to hydrolyze pericarp starch to provide energy for-the gfowing
kernel (MacGregor et al., 1972),.

Peak alpha-amylase I activity varies in occurrence and amount
dependiné upon genotype and environment. The occurrence of peak
activity varied from }6 to 16 days after anthesis in studies performed
in Great Britain (Alli;bn et al., - 1974 and Riggs and Gothard, 1976) to
only 2 to 10 days after anthesis in a study performed in Canada
(MacGregor et al., 1972). Alfhough the amount of activity is reported
to vary with genotypes (Riggs and Gothard, 1976), no relationship was
observed between this alpha-amylase activity and rate of grain growth
nor final grain weight.

The synthesis of alpha-amylase II-and III in the germinating bar-

ley seed is reported to be hormonally controlled by gibberellin-like
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substances (Ho, 1979 and Jacobsen et al., 1979). It is not clear
whether alpha-amylase I synthesis is under a similar type of control.
Duffus (1969) reported that formation of alpha-amylase in immature
barley seed could be prevented by applying chlorocholine chloride, an
inhibitor of gibberellic acid synthesis, to the immature seed. Mac-
Gregor et al. (1972).could not induce alpha-amylase syntﬁesis by the
addition of gibberellic ;cid to isolated péricarps or whole immature
barley seed. MacGregor (1976) later reported that the formation of a
portion of alpha-amylase I appeared to be independent of both embryo
and an exogenous supply of GA3 in mature seed. ‘

Alpha-amylase activity has been measured in the Ris¢ mutants and
Hiproly only after malting (simiiar to germipation) (Allison, 1978).
Hiproly and Ris¢ 56 had exéremely low malt alpha-amylase actiQity,
while Ris¢ 8, 13, and 1508 had higher than nérmal activity. As
previously mentioned, the developing seed of Hiproly and Ris¢ 1508
had significantly higher levels of gibberellin-~like substances than
their normal isotypes. "The data reported by Allison (1978) would

indicate that this high gibberellin-like activity had no consistent

effect on the formation of alpha-amylase in malted barley.
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MATERIALS AND METHODS

Experiment I

Barley Samples

' Comparisons of starch associated characters during seed develop-
ment were made between 10 shrunken endosperm, high lysine mutants and
their normal isotypesi Four are classified as seg mutants, segl, seg3,

segb, and seg7, and six are classified as sex mutants, lysl, sexla,

sexlf, sex3c, Risg 8, and Risg 56. A complete genetic description of
the mutants is in Taﬁles 1 and 2, and a comparison between the mutants
and their normal isotypes for lysine and protein content is in
Tables 3 and 4.

lAll mutant and norgal isotypes were grown in pgirs at Bozeman,
Montana in 1979 in unreplicated, four row plots, 30 m long. fhese

plots were planted at a commercial rate (3 gm/m) and irfigated once.

Dry Matter Accumulation and Moisture

Four hundred heads of each mutant and normal isotype were tagged
upon reaching anthesis. All heads within a plot were tagged on the
same day.l Forty heads of each isotype were harvested approximately 6,
9, 12, 18, 24, 30, 36, 42, 48, and 54 days after antﬁésis. Heads were
weighed to obtéinlthe fresh weight, then placed in a drying oven at

50 C for 48 h after which the dry weights were recorded. Moisture
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percgntage.was calculated as:
[fresh weight (g) - dry weight (g)]/[fresh weight (g)] x 100
Héads weye.threshed a#d kernel weights determined on at least 300
whole seed or 10 g of whole seed (this amount of seéd was not avail-
asle for-a few of_the earliest samples). Kernel weights were used as
a measure of dry matter accumulation. Samples were ground on a Udy

Cyclone Mill using a 0.5 mm mesh screen for chemical analysis.

Alpha—Amylase Activity

Alpha-amylase enzyme activity was determined on éach of the
ground samples using the Blue Plate Agar (BPA) assay described by Fox
(1981). Each plate contained 32 samples and four standard checks.
Activity was measured as the diameter of a clear ring.(digestion ring)
around each sample well and converted to area. The digestion ring
aréa was converted té ug CBA dye released/mg/min at 65 C (units based
on an assay using-cibachrome blue amylose) using the measurements of
the four checks to calculate a regression line and prediction equation
for eacﬁ plate. Activity was further coﬁverted and is réported as
ug dye released/kernel/min at 65 C using the equation;

ug dye released/mg x mg/kernel = ug dye released/kernel

Sugar Content

Free sugars were extracted from each ground sample using Method
80-60 described in the AACC Methods Handbook (American Association
of Cereal Chemists, 1969). This procedure was modified for 0.25 and

0.05 g samples.
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A 0.25 g (or 0.05 g) subsample of each ground sample was weighed
and placeé into a 20 ml centrifuge tube. The sample was wetted with
1 ml (or 0.5 ml) of 95% ethyl alcohol. A 10 ml (or 5 ml) aliquot of
an acid buffer solution (3 ml glacial acetic_acid,'4.1 g anhydrous

sodium acetate, and 4.5 ml H, SO diluted to 1 L with water) was added

2774 ‘
to each tube. The flour was stirred into suspension, O.4lml (or 0.2
ml) of a 12% sodium tungstate solution added to the tubes, and the
entire contents mixed thoroughly. The suspension was centrifugeq for
20 min at 4000 rpm and 5 G, and the pellet discarded.

The 3,5—dinitrosa1icylic acid method of-determining reducing
value (Bruner, 1964) was used to estimate both reducing and total
sugar in each extract. Reducing sugars were determined difectly from
the extract. Iﬁ order to determine total sugars, it was neeessary to
hydrolyze nonreducing sugars (mainly sucrose) by boiling the extract'
prior to determination. Upon hydrolysis, sucrose is broken into its
component monosaccharides which were measurable by the reducing sugar
assay. Glucose was used as the reference sugar. |

A 1 ml aliquot of each extract sample was placed into a 10 ml
test tube sitting in an ice water bath. After addiné 1 ml of 3,5-
dinitrosalicylic acid reagent (Bruner, 1964), the tubes were capped
and placed into boiling water for 5 min. Upon boiling, the solutione
developed a color ranging from light yellow to orange to dark orange-
brown, depending upon the reducing sugar content. The tubes were

placed back into the ice water bath and the solutions diluted with 8

ml of distilled water. After shaking thoroughly, the relative absorb--
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ance of ‘each mixture was read on a spectrophotometer set at 540 nm.
These readings were converted to produce the reducing sugar content of
each sample. ‘

A second 1.61 aliquot of each extract sample was placed into a .
test tube,. capped, and boiled for 15 min to hydrolyze the nonreducing
sugar, sucrose, into reducing sugar. After boiling, each sample was
placed into an ice water bath, allowed to cool,.and the total sugars
determined using the procedure described for reducing sugars.

A standard curve was prepared using twelve glucose solutions
ranging from 0.5 to 7.0 umol glucose/ml. The reducing sugar assay was
performed on 1 ml of each standard as described previously. The
absorbance reading at 540 nm for each standard was plotted against the
known céncentration of glucose (r=.99%%) to produce the prediction
equation:

umol glucose/ml = (absorbance) 6.157 + 0.1521

Since other sugars besides glucose are measured by this assay,
the units reported in this manuscript are referred to as glucose
equivalents (equiv.). In order to make direct comparisons between
samples, it was necessagy to convert the above units to either %
glucose equiv. or umol glucose equiv./kernel. The latter was obtained
by the following calculations:

umol glucose equiv;/0.25 g flour umol glucose equiv./ml x

11.4 ml1/0.25 g flour, -

or,

umol glucose equiv./0.25 g flour = umol glucose equiv./ml x
5.7 ml/0.05 g flour x 5,
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then,

umol glucose equiv./kernel = (umol glucose equiv./O.ZS g)/
(no. kernels/0.25 g).

Percent glucose equivalents were obtained by the following cal-
culations:

mg glucose equiv. = umol glucose equiv./0.25 g x ‘ R
0.00018 g/umocl glucose,

then,

% glucose equiv. = (mg gluﬁose equiv./250 mg) x 100.

Germination Test

Bulk seed samples were harvested from all previéusly desgribed
plots grown in 1979 after the last sampling date. Each sample was
cleaned and in Februgry, 1980, threenlots of 100 seed coﬁnted. Each
lot was placed between two moispenéd blotters in a germination box.
The sged were germinéted in an incubator at 15 C and continuoﬂs.Aark—
ness for 5 days. Germination is reported as the average germination

percentage of the three replications.

Statistical Procedures U

A paired t-test was used to compare each of the ﬁutant isotypes
with its normal isotypé over 8 to 10 sampling dates for dry mattér
accumulation, alpha-amylase activity, total sugar, redﬁcing sugar, and
moisture percentage. Using this proceduye, sampling dates were
treated as replications.

An analysis of va?ianée was calculated to evaluate the differ-
ences among the 10 ;hrunken endosperm, high lysiné mutants in moisfure-

percentage, dry matter accumulation, alpha-amylase activity, total
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sugars, and reducing sugars.‘L Sampling dates were -used as replications.
Since two of the dates were not available for all mutants, only eight
sampling dates were included in this analysis. Three orthogonal
compariséns were made. The first was to detect differences, if any;
between seg and sex mut;nts. The second was7to determine if Compana
sexla and Bomi sexlf were different. The third was to determine if
any differences existed between the mean of the two sexl mutants and
the other four sex mutants. The percentage of genotype variation
accounted for by each comparison was calculated using the sums of
squares which are additive.

Differences in germination percentage ambng all of the genotypes,
both mutant and normal,.were‘evaluéted by célcplating an analfsis Bf,'
variance after the data were transformed by an arcsin transformation
for skewed proportions (Snedecor and Cochran, 1967). An LSD was used

to compare the mean germinationipercentage of each of the mutants with

their corresponding normal isotype.

Experiment II

Barley Samples

The iO shrunken endosperm, high lysine mutants and their normal
isotypes which were grown at Bozeman, Montana in 1979 and used in
Experiment I, were included in this experiment to determine the total
sﬁgar content relationship between develdping and mature seed. The
growing conditions and sampling methods were described in Experiﬁent I.

The above mutant and normal isotypes, plus mutant Ris¢ 86 (sex1d)

in Carlsberg II, were grown in 7 to 12 environments in either Arizona
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or Montana from 1974 to 1981. Grain samples were bulk harvested from
these plots upon ripening. Kernel weights were determined on 15 g of

seed and then samples were ground as described in Experiment I.

Sugar Content

Total sugar was extracted and determined on fhe samples from
Experiment I as described in Experiment I. Similar procedures were
used for the remaining samples, except that during the extraction 8 ml
of buffer was used in place of 10 ml, and 1 ml of 12% sodium tungstate
solution was used in pléce of 0.4 ml, Six glucose standards ranging
from 0.0 to 5.56 umol glucose/ml were used to produce the prediction
equation:

umol glucose/ml = (absorbance) 6.894 + 0.0387.

The calculations used to convert umol glucose equiv./ml to % glucose

equiv. or umol glucose equiv./kernel are described in Experiment I.

Statistical Procedures

Analyses of variance were calculated using data from Experiment I
to determine if differences in total sugar existed among the three
isotypic classes (seg, sex, normal) on each of the 10 sampling dates.
Individual mutant isotypes or normal cultivars were used as replica-
tions. Non-orthogonal comparisons were used to detect differences
among classes. A correlation matrix for total sugar among sampling
dates was calculated. The relationship between the mean mutant-normal
difference in total sugar and the mutant-normal difference at harvest

was determined.
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A paired t-test was used to compare each of the 11 mutant iso-

types with its normal isotype over 7 to 12 environments for total
sugar content at harvest. 'An analysis of variance using a completely
randomized design with environments as replications was used to
detect differences among mutants. The normal isotypes were included
in.the analysis. A'set of four or;hdgonal comparisons were coﬁputed
and the percentage of genotype variation accounted for by each

comparison calculated.
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RESULTS AND DISCUSSION

Experiment 1

Moisture Percentage

All of the seg mutants had ‘a lower mean moisture percentage than
their normal isotype and all of the sex mutants, except izgl,vhad a
higher mean moisture percentage than their normal isotype. However,
not all of these differences were significant (TaBle 6). No signifi-
cant difference was,detected in mean moisture percentage between three
of the seg mutants, segl, segb, and seg7, and their normal isotype,
but a highly significant difference was detected between seg3 and
Compana. Of the sex mutants, neither lysl nor Risg 56 were signifi-
cantly different from their normal isotype. The remaining four sex

mutants, sexlia, sexlf, sex3c, and Ris$ 8, had a significantly higher

moisture percentage than their corresponding“normal isotype. Figures
1 through 5 indicate that differences were generally observed tﬁroughf
out the development of the seed.

Significant differences in moisture percentage were detected
among the shrunkeh endosperm, high lysine mutants (Tablé 7). Half of
the genotype variation (52%) was accounted for by the highly signifi-
cant difference between seg and sex mutants. Sex mutants had a higher
mean moisture percentage than seg mutants, 38.1% vs. 31.3%, respec-
tivély. Almost one-fourth (24%) of the genotype variation was due to

the highly significant difference between the mean of the two sexl




Table 6.

mutants and their normal isotypes from 6 to 54 days after anthesis.

Moisture percentage comparisons between barley shrunken endosperm, high lysine

Moisture (%)

Mutant Isotype (x)

Normal Isotype (y)

Normal Number of Difference
Cultivar Mutant Comparisons - mean range mean rdange X-y
Seg Mutants
Betzes segl 10 32.43  3.07-54.66  32.76  3.54-56.26 -0.33
Compana seg3 8 "25.33 5.09-43.12 34.48 4.68-56.71 ~9.15%%
Ingrid segb 10 32.44  3.27-55.71 32.60 3.30-56.57 -0..16
Ingrid seg’ 10 32.08 2.94-56.48 32.60 3.30-56.57 -0.52
Sex Mutants .

Hiproly Normal lysi 10 34.29 3.04-58.07 34.88  2.34-59.61 -0.59
Compana sexla 9 37.57 2.79-61.80 31.17 4.68-56.71 6. 40%*
Bomi sexlf 10 40.25  4.17-57.43  33.48  4.04-56.99 6.77%%
Bomi sex3c” 10 34:81  5.45-57.32  33.48  4.04-56.99 1.33%
.Bomi Risgd 8 10 36.02° 3.07-61.18 33.48  4.04-56.99 2.,54%%
Carlsberg 1I Risé 56 10 34,61 3.09-57.13  32.36  3.25-57.91 2.25

S POSON
'y W

’ Significant at the 0.05 and 0.01 levels, respectively.
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Figure 1. Moisture percentage of spikes harvested from 6 to 54 days after anthesis for
A) Betzes and segl, and B) Compana and seg3.
*sd = standard error of the difference using a paired t-test.
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Figure 2. Moisture percentage of spikes harvested from 6 to 54 days after anthesis for
A) Ingrid and segb, and B) Ingrid and seg.

*sd = standard error of the difference using a paired t-test.
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Figure 3. Moisture percentage of spikes harvested from 6 to 54 days after anthesis for
A) Compana and sexla, and B) Bomi and sexlf.

*sd = standard error of the difference using a paired t-test.
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Figure 4. Moisture percentage of spikes harvested from 6 to 54 days after anthesis for
A) Bomi and sex3c, and B) Bomi and Risg 8.

*sd = standard error of the difference using a paired t-test.
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Figure 5. Moisture percentage of spikes harvested from 6 to 54 days after anthesis for
A) Carlsberg II and Ris¢ 56, and B) Hiproly Normal and lysl.

*sd = standard error of the difference using a paired t-test.




Table 7. Analysis of variance for moisture percentage, kernel weight, alpha-amylase activity,
total sugar, and reducing- sugar for 10 shrunken endosperm, high lysine mutants of
barley collected from 6 to 48 days after anthesis.

Mean Square

Error (G x D)

Source of Percent Kernel -Weight ~Alpha-Amylase Activity
Variance DF Moisture (mg/kernel) (ug dye released/kernel/min at 65 C)

Genotype (G) 9  .189.36%* 430.83%% 1124.45

seg Vs. sex 1 889.69%* 2714,15%% 6265.09%%
sexla vs..sexlf 1 1.62 171.61%% 93.99
sexl vs. other sex 1 406.,27%% 164.07%% 90.27
remainder 6 - 67.78%% - 137.94%% 611.78

Date (D) 7 3708.79%% 1021.,19%% 12779.18%%
"Error (G x D) 63 15.33 20.90 878.76

Mean Square
Source of Total Sugar : ' Reducing Sugar
Variance DF (umol glucose equiv./kernel) (umol glucose equiv./kernel)

Genotype 9 171.76%% 2.984%%

seg vs. sex 1 869.54%* 13.811%%

" sexla vs. sexlf -1 14.69 1.232%.

sexl vs. other sex 1 566.14%% 7.611%%

remainder 6 15.91 0.700%

Date (D) 7 73.37%% ©5.017%%
63 7.39 0.260

P -
~ R

s Significant at the 0.05 and 0.01 ievels, respectively.
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mutants and the mean of the other four sex mutants. . Sexl had a higher
mean moisture percentage‘thén the other mufants, 42.2% vs. 36.1%,
respectively. No difference was defected between sexla (41f9%) and
Egﬁiﬁ (4276%)7

Highly significant differences in moisture percentage were dé—
‘tected among sampling dates (Table 7). As exéectéd, the earliest’ |
dates had the highe;t moisture percentage ana the later dates gen-
erally had the loweét moisture percéntagé (Figures 1 through 5). With
one'exception, a1l of the isotypes, both mutant and normal, hgd a
moisture content hiéher than 54% on the first sampling date. -The
exception, seg3, had a low moisture percentage on the first date,
35.7%. Although the moisture percentage of ggég did vary during the
first five sampling dates (Figure 1 (B)), the tendency-was for it to
always bellower than Compana. This would indicate that this mutant
should be studied~mﬁch closer, since it has been réported (Coles,
1979) that starch synthesis is reduced or stopped when the seed gets

below 40% moisture.

Dry Matter Accumulation

All of'the shrunken endosperm, high lysine mutants had a signifi- -
cantly lower mean kernel weight (averaged over 8 to 10 sampling dates)
than their corresponding normal isotype (Table 8). These differences’
were generally not obse?ved during the first 2 to 3 sampling dates
(Figures-6 through 10). The 1argest differences were observed Between
18 and 54'days after anthesis, depending upon the mﬁtant—normal pair.
The' smallest meén difference was observed_bgtween Carlsberg 11 and

Ris¢ 56.




Table 8. Kernel weight comparisoné between barley shrunken endosperm, high lysine mutants
and their normal isotypes -from 6 to 54 days after anthesis.

Kernel Weight (mg/kernel)

Mutant Isotype (x) Normal Isotype (y)

Normal Number of ’ Diffgrgnce
"Cultivar Mutant Comparisons mean range mean range X~y
Spg Mutants .

Betzes segl 10 12.58  2.3-14.5  29.55  3.2-41.9  -16.97%*
Compana seg3 8 20.11  2.4-27.7  41.03  2.5-55.8 _20.92%*
Ingrid segb 10 10.51 2,9-11.7 . 27.56 3.4-38.9 -17.05%*
Ingrid seg? ‘10 21.27  3.4-27.8 - 27.56  3.4-38.9 ~6.29%%
Sex Mutants

Hiproly Normal lzgl.. 10 28.00 5.2-38.2 - 36.95 5.3-52.8 -8.95%*
Compana sexla 9 32.01 8.3-44.7 38.21 2.5-53.9 ~6.20%*
Bomi sexlf 10 26.80 2.9-37.8 31.94 3.3-44.8 - ~5.14%*%
Bomi sex3c 10 26.65 2.5-36.7  31.94 3.3-44.8 —5.29%%
Bomi Risg 8 10 25.46  4.4-35,7  31.94  3.3-44.8 ~6. 48k
Carlsberg 11 - Ris¢g 56 10

23.45  3.0-30.2  26.34 . 3.1-36.9 ~2.89%%

**Significant at the 0.01 level.
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Figure 6. Kernel weight of seed harvested from 6 to 54 days after anthesis for A) Betzes and segl, and
B) Compana and seg3. Arrows indicate approximate day seed reached 40% (+) and 35% (¥)
moisture. Mutant seg3 was always 35% moisture or less except on day 12.
*sd = standard error of the difference using a paired t-test.
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Kernel weight of seed harvested from 6 to 54 days after anthesis for A) Ingrid and segb, and

B) Ingrid and seg7. Arrows indicate approximate day seed reached 40% (¥) and 35% (¥)
moisture.

*sd = standard error of the difference using a paired t-test.
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Kernel weight of seed harvested from 6 to 54 days after anthesis for A) Compana and sexla,
and B) Bomi and sexlf. Arrows indicate approximate day seed reached 40% (+) and 35% (%)

moisture.

*s = standard error of the difference using a paired t-test.
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Kernel weight of seed harvested from 6 to 54 days after anthesis for A) Bomi and sex3c,
Arrows indicate approximate day seed reached 40% (+) and 35% (%)

and B) Bomi and Ris¢ 8.
moisture.

*sd = standard error of the difference using a paired t-test.
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Figure 10.
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Kernel weight of seed harvested from 6 to 54 days after anthesis for A) Carlsberg II and
Risg 56, and B) Hiproly Normal and lysl. Arrows indicate approximate day seed reached
40% (+) and 35% (¥) moisture.

*sd = standard error of the difference using a paired t-test.
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A highly significapt difference 'in kernel weight was observed
among the shrunken endosperm, h%gh lysine mutants (Table. 7). Seventy
percent 6f the variability among mutants was aécounted for by'thgir
genetic classification, i.e,,lthe mean kernel weight of the sex mu-
tants (28.5 mg) was'significantly higher than the mean kernel weight
of the seg mutants (16.6 mg). All of the sex mutants had a higher
mean kernel weight than any of the seg mutants. |

A small amount (4%) of the variability among mutants was ac-
counted for by the significant difference between the mean kernel
weight of sexl (31.2.mg) and the other four sex muﬁanté (27.1 mg).
This was due primarily to the large average kernel weight of sexla
(34.4 mg) in the cultivar éompana, which had a significantly higher
mean kefnel weight than sex1f (27.9 mg) in Bomi. This indicates a
strong genotype effect. The importance of background genotype ﬁo the
response of sexl has been observed previously in comparisoné between

sexlf and sexle (Ris¢ 29) in the cultivar Carlsberg II (Kgie and Doll,

1979). .It is interesting to note that the kernel weight of sexla at
harvest was 44,7 mg., fhis was equal to or greater than many of the
normal cultivars used in this study.

Highly significant dofferences iﬁ kernel weight were detected
among dates of sampling (Table 7). As expected, the earliest dates
had the lowest kernel weight and the latest dates generally had tﬁe
highest kernel weight (Figures 6 through 10). The pattern of dfy
matter accumulation tended to differ depending upon whether a mutant
was classed as sex or seg. Within the sex mutants (Figures 8 through

10), dry matter accumulation followed a pattern similar to the normal
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isotypes only at a slower rate. Within the seg mutants (Figures 6 and
7), dry matter accumulation ceased earlier than in the normal 1isotype

(12 to 24 days vs. 30 to 36 days after anthesis). 1In segl and segb,

the rate of accumulation was approximately equal to the normél isotype
until it stopped (12 days after anthesis). ‘The rate of aécumulation
appeared slower than the normal in seg3 and Eggi'prior to its stopping
(18 and 24 days after anthesis, respectivély).

The moisture data previously reported indicated that four of the
sex mutants had a 5igher mean moisture percentage than their normal
isotype (Table 6). A strong‘relationship'has been reported between
.cessation of.dry matter accumulatiqn and the point at which 35 to. 40%
moisture is reached (Coles, 1979). In Figures 8 and 9, arrows have
been used to indicate the approximaté date upon which the mutant and
normal reached 40% (¥) and 35% (*? moisture. A small amount of dry
matter appeared to accumulate in both of the normal isotypes, Bomi and

Compana, even after 35% moisture was reached. The allelic mutants,

sexla and sexlf, reached 40% moisture 7 to 8 days later than-their
" normal isotype.‘ But, dry matter accumulation did not.appear to be
prolonged. This suggests that thg physiological processes c;using the .
seed to reach maturity proceed regardleés of the moisture content ‘in
these mutants.

It was mentioned previously tﬁat seg3 had a moisture percentage
of 35% or less during three of the first four sampling dates. Figu?e
6 indicates that dry matter accumulation in this mutant appeared

similar to Compana during this period.
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Alpha-Amylase Activity

NQ sighificant differences in mean alpha-amylase activity were
detected between any of the éhrunken endosperm, high lysine mutants
and their normal-isotypes (Table 9). Differences which were observed
(Figurés 11 through 15) were generally during the 6 to 18 days after
anthesis (the first 2 to 3 sampling dates). Later sampies generally
had very similar alpha-amylase activity{ with one exception. An in-
crease in activity was observed in EEEEE (figure 14) at hafveSt. This
may be related ta the enlarged embryo observed in sex3c (TallbergP
1977).

No significant differences were detected among the 10 shrunken
endosperm, high lysine mutants (Table 7). This was due primarily to
the large interaction between genotype and sampliné date which was
used to test the genotype'effect. A highly sggnificant Qifference was
detected between seg and sex mutants. The ggé mutants with an activi-
ty of 30.9 ug dye released/kernel/min at 65 C had a higher mean.alpha—
amylase activity than the sex mutants with an activity of 12.8 ug dye
released/kernel/min ét 65 C. The alielic mutants, sexla and sexlf,
were not significantly different, nor was their mean significantly
different from the other sex mutants.

Significant differences were detected among sampling dates (Table
7). The highest alpha-amylase activity was observed at 6 days afte;
anthesis for each isotype. It has been reported préviously that
alpha~amylase activity in developing barley seed peaks 2 to 10 days
after anthesis (MacGregor et al., 1972). The lowest activiﬁy was

generally observed at harvest.


















































































































































































